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Foreword

The 1992 Rio de Janeiro declaration embodied international recognition that global warming and climate change, driven by anthropogenic greenhouse gas (GHG) emissions, pose a significant risk to the world’s economy, environment, and security and demand a cooperative effort between nations. It is often forgotten in today’s debate in the United States that the Senate ratified this agreement and thereby committed our country to address this challenge. Nearly a quarter century later, at the historic Paris Conference of the Parties in late 2015, numbers were attached to the broad Rio declaration: Nations, both developed and developing alike, put forward specific goals for GHG emission reductions in the 2025–2030 timeframe. These national goals reflect the enormous scientific understanding developed in recent decades. With widespread compliance, they represent a reasonable path toward meeting an overarching goal: limiting global warming to two degrees Celsius, or possibly less. The two-degree goal would call for meeting much more ambitious GHG emission reduction goals beyond 2030. Presumably the industrialized countries, with large per capita GHG emissions, would be called on to make especially significant early reductions of their energy sector emissions.

In fact, progress has been made. In the United States, both market forces (through the substitution of natural gas—and increasingly renewables—for coal) and federal and state clean energy requirements have substantially reduced carbon dioxide emissions. China has leveled its coal use. Many other countries have introduced and implemented policies to reduce emissions, including by the imposition of carbon emission charges, although much more needs to be done across the board. Furthermore, the June 2017 announcement by President Trump that he will pull the United States out of the Paris agreement sowed confusion as to where the world’s second-largest emitter (after China) was headed. Fortunately, state governors, city mayors, and business leaders soon made clear that they fully anticipated continued progress toward a low-carbon future and would stay the course or even accelerate their plans. We are not going back.

The issue is how we get there and how fast. Because of the cumulative nature of carbon dioxide emissions, time is of the essence. A failure to act decisively now exacerbates the challenge in the decades ahead. Success will require synergistic and innovation in technology, business models, policies, and regulations.

Hal Harvey and his coauthors have performed an important service in Designing Climate Solutions: A Policy Guide for Low-Carbon Energy. In this work, the focus is placed on how to reach these emission targets and which policies have a reasonable chance of getting us there. They have relied on decades of experience combined with quantitative analysis to present a portfolio of policy solutions for key climate change risk mitigation opportunities that have been shown to work in a variety of contexts and countries. The chapters thus serve as a handbook for policymakers on both national and subnational levels. Designing Climate Solutions addresses policies that provide economic signals, performance standards, and R&D support. Clearly, this suite of policy models needs adaptation to local, regional, and national circumstances, just as there is no single low-emission technology solution for different localities and countries. This book provides a valuable toolkit for policymakers committed to timely mitigation of climate change risks.

Harvey and colleagues promote pragmatic optimism for reaching the challenging two degree Celsius goal. In their approach, they embody the philosophy of Bostonian Willie Sutton, who is said to have answered the question of why he robbed banks with the response, “Because that’s where the money is.” Harvey and his coauthors emphasize that only 7 countries are responsible for more than half of the GHG emissions, and only 20 for three-quarters. So “that’s where the carbon is.” Thus, a small portfolio of proven policies, applied in a small number of countries, can yield enormous progress toward the global challenge of limiting global warming and climate change. The imperative is to move expeditiously, and this book provides an excellent foundation for effective policy design in diverse circumstances.

Ernest J. Moniz
13th U.S. Secretary of Energy
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Introduction

To put the world on a path to a reasonable climate future, immediate action is needed to reduce greenhouse gas emissions. The mounting evidence of potential damage from climate change is daunting, and with each day that passes the challenge ahead becomes more difficult. At the same time, new technologies continue to show that a low-carbon future is within reach and perhaps as cheap as or cheaper than a high-carbon one.

Reducing global greenhouse gas emissions is no small task. But the technologies, policies, and motivation to achieve this reduction exist today; it is a matter of adopting, designing well, and then promptly implementing the right policies.

The vast majority of greenhouse gas emissions come from a small set of countries; their source is predominantly energy use, such as power plants, vehicles, and buildings, and industrial processes, such as cement or iron and steel manufacturing. Focusing on energy use and industrial processes has the largest potential for emission abatement.

Fortunately, a small set of policies exist that have the potential to significantly reduce emissions from these sectors. For example, vehicle efficiency standards, which require vehicle manufacturers to increase the distance vehicles can travel on the same amount of fuel, can rapidly drive down emissions from transportation, and policies to promote the share of carbon-free electricity, such as renewable portfolio standards and feed-in tariffs, can reduce emissions in the power sector. A dozen highly effective policies in the biggest countries can put us on the right path.

Of course, these policies must be designed well if they are to achieve lasting reductions. Decades of experience with both good and bad policy design has illuminated the characteristics that separate good from bad policy. For example, without built-in mechanisms for continuous improvement, policies tend to stagnate and become obsolete. And without a sufficiently long time horizon, businesses cannot invest in the technology or research and development (R&D) needed to produce better equipment. A handful of policy design principles can ensure that future climate and energy policy maximizes greenhouse gas reductions and economic efficiency. These policies leverage the trillions of dollars of private capital spent each year, already, to build a clean energy policy. In other words, these principles can drive effective, investment-grade policy.

This book drills down into these policies, their design principles, and their potential impact on global emissions. Our hope is that this material can serve as a resource to policymakers, CEOs, nongovernment organizations, research institutions, and philanthropists who are searching for the fastest, most effective way to make a big difference in reducing the threat of climate change.

In Climate, Delay Is Killer

There is broad consensus that preventing the worst impacts of climate change requires keeping global warming below two degrees Celsius through the end of the 21st century. This, in turn, requires steep cuts in greenhouse gas emissions. Climate models vary, but to have an even chance of staying under two degrees, we need to avoid 25 to 55 percent of cumulative emissions between now and 2050 compared with the business-as-usual case.1 The needed reductions vary significantly by region, with steeper reductions needed for more advanced economies. Furthermore, whereas cumulative emission reductions of 25 to 55 percent are required, annual emissions in 2050 must be lower still, on the order of 40 to 70 percent below business-as-usual emissions (Figure I-1).

The scope, scale, and irreversibility of climate change—and the irreducible mathematics of carbon accumulation—together mean that swift action to abate greenhouse gas emissions is imperative. Failing to take immediate action to reduce emissions could result in significant damage: loss of coastal lands to sea level rise, threatening more than a billion people; mass refugee migration; famines; a wave of extinctions; and other impacts that will take an economic, ecological, and human toll. Rising seas in Bangladesh, for example, could produce 35 million refugees,2 seven times the number generated by the crisis in Syria, which has shaken the political stability of Europe. Scientists predict up to a 40 percent reduction in East Africa’s wheat and maize production from heat alone.3 It is a grim list—and a long one.

The seriousness of the threat and the limited time to tackle it are both a consequence of scientific facts about Earth’s biogeochemical systems. Small shifts in average global temperature have outsize consequences. Three important factors drive this magnification: the way in which those shifts increase the frequency of extreme temperature and weather events, the irreversibility of warming on reasonable timescales, and the danger of triggering natural feedback loops that cause additional warming.
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Figure I-1. Emission reductions needed for a 50 percent chance of avoiding 2°C global warming. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: M. Tavoni, E. Kriegler, T. Aboumahboub, K. Calvin, G. De Maere, J. Jewell, T. Kober, P. Lucas, G. Luderer, D. McCollum, G. Marangoni, K. Riahi, and D. van Vuuren, “The Distribution of the Major Economies’ Effort in the Durban Platform Scenarios,” Climate Change Economics 4, no. 4 (2013), doi:10.1142/S2010007813400095. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Extremes Become the Norm

Any given place on Earth experiences a range of temperatures, both day to day and year to year. Consider the average summer temperature in the United States: In certain years, the country experiences unusually cool summers, and in other years it experiences particularly hot summers. But in most years, the summer temperature is around average for that time of year.

Increasing the average global temperature makes previously rare extreme temperatures become much more frequent. This has the effect of making cooler summers rare and really hot summers more common (Figure I-2).

We are already starting to experience these effects, as exceptionally hot summers that occurred less than once every three hundred years or so from 1951 to 1980 represented a significant fraction of all summers from 2005 to 2015 (Figure I-3).
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Figure I-2. Higher and more variable temperatures lead to greater temperature extremes. (Graphic reproduced with permission from the Intergovernmental Panel on Climate Change. Data from Figure 1.8 from Cubasch, U., D. Wuebbles, D. Chen, M.C. Facchini, D. Frame, N. Mahowald, and J.-G. Winther, 2013: Introduction. In Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.)

This effect is projected to become much worse in the future. Even with an average global increase of just a few degrees, many areas in the United States that today see just a few days with highs of at least 100°F will see many more such days by the end of the century. For example, “By the middle of this century, the average American will likely see 27 to 50 days over 95°F each year—two to more than three times the average annual number of 95°F days we’ve seen over the past 30 years. By the end of this century, this number will likely reach 45 to 96 days over 95°F each year on average.”4 In other words, by the end of this century, sections of Texas, Arizona, and California could swelter in such conditions for a third of the year or more (Figure I-4).

These exceptionally hot summers cause severe damage, because they are beyond the typical range to which human and natural systems have adapted. For example, exceptionally hot conditions dry out the landscape, intensify wildfires, devastate crop and livestock yields, send people to the hospital with heat stroke, and cause many other harms.

The Irreversibility of Warming on Reasonable Timescales

Once a quantity of greenhouse gas is emitted, it will begin cycling out of the system as various natural cycles pull it out of the atmosphere. For example, carbon dioxide (CO2), the most important greenhouse gas, may dissolve into the ocean, and methane eventually breaks down into CO2. For many greenhouse gases, it takes a very long time to remove nearly all the pollutant from the atmosphere. The natural removal rate for CO2 is slow—it may take hundreds or thousands of years without human emissions for CO2 to return to its natural concentration. Likewise, it may take hundreds of years to eliminate almost all atmospheric nitrous oxide (a strong greenhouse gas) and many thousands of years for various fluorinated gases, which are very strong greenhouse gases. Indeed, much of the carbon dioxide emitted at the very start of the Industrial Revolution—about 250 years ago—is still present in the atmosphere today.
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Figure I–3. Climate change is shifting global temperatures, making extreme heat more frequent. (Reproduced from publicly available U.S. government data, from James Hansen et al., “Public Perception of Climate Change and the New Climate Dice,” n.d., http://www.columbia.edu/~mhs119/PerceptionsAndDice/.)

The climate system also has a great deal of inertia. That is, climate change is a problem of stocks, not flows. One way to visualize this is to think of the atmosphere as a bathtub (Figure I-5): As carbon dioxide is emitted (the faucet), it continues to add to the total carbon dioxide concentration in the atmosphere (the bath water). Carbon dioxide is then removed by natural processes over many years (the drain). Like a bathtub in which the water level will continue to rise as long as there’s more water flowing in than draining out, even a dramatic reduction in carbon dioxide emissions will not reduce concentrations as long as emissions outpace removals.5

Even if we were to completely stop emitting greenhouse gases today, the impacts of the previously emitted gases would continue to be felt for thousands of years, because the total stock of carbon in the atmosphere (the bath water) remains high. Once in the atmosphere, CO2 and other greenhouse gases trap heat in the atmosphere, and the effects of that trapped heat manifest over time. As a result, we will continue to see increasing impacts on human society and natural systems for thousands of years after stabilizing the greenhouse gas concentration in the atmosphere.
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Figure I-4. The number of days with temperatures above 100°F may increase significantly as climate change worsens. (Reproduced from publicly available U.S. government data, from “LOCA Viewer,” Scenarios for the National Climate Assessment, accessed January 8, 2018, https://scenarios.globalchange.gov/loca-viewer/.)

Note in Figure I-6 that greenhouse gas emissions (in carbon dioxide equivalent, or CO2e), which are caused by human activity, are driven to near zero, while greenhouse gas concentrations barely decline, and greenhouse gas impacts (temperature) keep growing.
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Figure I-5. Greenhouse gas emissions and concentrations are like a bathtub, with emissions being the faucet, concentration being the tub, and sinks being the drain. (From “Causes of Climate Change,” U.S. EPA, 2016, https://19january2017snapshot .epa.gov/climate-change-science/causes-climate-change_.html.)

The Danger of Natural Feedback Loops

One of the most disturbing aspects of the global warming problem is that as the world heats up, natural feedback loops kick in that intensify the warming. Although anthropogenic (human-caused) emissions may be the initial catalyst in warming the globe, Earth’s natural systems can exacerbate this impact, creating what physicists call a positive feedback loop, which is more easily understood as a vicious cycle. One vicious cycle is the impact melting sea ice has on Earth’s absorption of heat: Bright sea ice has a high albedo, meaning it reflects (rather than absorbs) most of the light that hits it. Dark sea water has a lower albedo, meaning it absorbs the light that hits it, which turns into heat. As ice melts from warming temperatures, areas previously covered with reflective white ice become uncovered with absorptive blue ocean water, which increases heat absorption and further accelerates warming.

A similar vicious problem occurs with melting arctic tundra: As once-frozen tundra thaws from warmer temperatures, buried methane deposits are released, causing more greenhouse gases to enter the atmosphere and warm the world further. The scale of this greenhouse accelerator, once released, is almost unfathomable, and once it starts, it cannot be controlled.
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Figure I-6. Even if emissions were to peak and drop to zero immediately, CO2 concentrations and temperatures would continue to increase. (Reproduced with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Clarke L., K. Jiang, K. Akimoto, M. Babiker, G. Blanford, K. Fisher-Vanden, J.-C. Hourcade, V. Krey, E. Kriegler, A. Löschel, D. McCollum, S. Paltsev, S. Rose, P.R. Shukla, M. Tavoni, B.C.C. van der Zwaan, and D.P. van Vuuren, 2014: “Assessing Transformation Pathways.” In: Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel, and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. Data downloaded from the IPCC-IAMC database hosted at IIASA, https://secure.iiasa.ac.at/web-apps/ene/AR5DB.)

Yet another is the absorption of CO2 in oceans: As oceans absorb more CO2, water becomes more acidic, causing the die-off of aquatic plants and animals, whose decomposition contributes additional CO2 to the oceans and atmosphere.

It is unclear exactly how much these feedback loops will exacerbate climate change. But their potential to accelerate warming is frightening—and the fact that these forces become uncontrollable once unleashed means climate action is necessary immediately.

Delay Is Costly

Another reason for acting as soon as possible to reduce emissions is that the challenge of cutting emissions enough to avoid exceeding two degrees of warming will get increasingly difficult as reductions are delayed. Delaying is costly for two reasons. First, most energy-consuming assets—buildings, power plants, industrial facilities—have a turnover rate of decades or more, meaning we essentially lock in a higher level of warming with each piece of new equipment we adopt or install. Second, because warming is a function of the total amount of carbon dioxide in the atmosphere, delayed action on emission reductions makes it far harder to achieve the same concentration of CO2 in the future.
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Figure I-7. The longer the delay in peaking emissions, the harder it becomes to meet the same carbon budget.

For example, Figure I-7 shows how a 15-year delay in peak emissions requires greater emissions reductions, faster, to achieve the same cumulative level of emissions. Note that not only is the emission reduction rate higher in each subsequent year, but the total level of emissions, particularly in the latter half of the century, must be lower to account for the higher emissions early on. The sooner action is taken, the easier it will be to meet the two-degree target. Waiting even a few years can significantly exacerbate the challenge of keeping warming below two degrees.

Delay comes with significant costs, too. An analysis by eminent British economist Lord Nicholas Stern in the Stern Review shows that stabilizing greenhouse gas concentrations at 500–550 parts per million (about 100–150 parts per million higher than today’s concentration and nearly double the pre–Industrial Revolution concentration of about 280 parts per million) would cost approximately 1 percent of global economic output (gross domestic product [GDP]) per year, whereas the costs of inaction would mount to 5–20 percent of global GDP per year from the costs of climate change impacts.6

The physics of our Earth thus give us the following imperatives: The problem is enormous, it is urgent, and failure would be irreversible. Fortunately, there is still time to achieve a reasonable climate future and many reasons to think it can be done. But time is of the essence; this option does not last long.

Reasons for Hope

The effects of climate change are worrisome, to say the least. Emission reductions are needed as soon as possible to avoid the worst of these effects. Fortunately, there is ample technology to put the world on a low-carbon trajectory. It is backed by growing political momentum.

Cleantech: From Boutique to Mainstream

Renewable Energy

Transitioning to a low- or zero-carbon electricity system is no longer a dream of the future. Costs for wind and solar power have plunged, propelling their growth around the world. Contracts for U.S. wind projects have been coming in at less than half the price they were just 5 years ago and cheaper than any other new power source worldwide. Contracts for solar power in some parts of the world are coming in at the same or a better price.

To put these cost declines into context, consider that recent projects in Chile and Dubai have been contracted at less than 3 cents per kilowatt-hour, without any subsidy, compared with residential electricity rates in the United States of nearly four times that amount. The costs of solar photovoltaic systems are projected to fall even further—below $1.00 per watt by 20207—and wind power costs are projected to decline by as much as 30 percent by 2030.8

Low prices are setting in motion a rapid buildout of new power plant capacity. Wind installations have more than doubled since 2010, with more than 430 gigawatts installed worldwide. Meanwhile, global solar installations nearly quintupled between 2010 and 2015, reaching 227 gigawatts at the end of that period. Prices will decline even further as more capacity is built out, creating a virtuous cycle of more, cheaper clean power projects.

Battery storage has experienced similar cost declines. Within just a year and a half, the price of lithium-ion batteries has declined 70 percent, and prices are estimated to continue to drop nearly 50 percent in the next 5 years.9 Flow batteries and new chemistry batteries are also expected to witness major cost reductions within that timeframe. Research suggests large-scale battery storage could grow to more than 7 gigawatts globally and cost as little as $230 per kilowatt-hour by 2030.10

As more renewable electricity capacity comes online, grid operators are becoming better and more adept at integrating it into the electricity system. In some regions, renewables already make up more than half of all generation. It is now possible to envision a future in which renewables make up 80 percent or more of electricity generation, enabling deep carbon reductions. No additional technological breakthroughs are needed to meet these penetration levels.

Deploying these technologies comes with other benefits as well. Renewables such as wind and solar are zero-emission sources, meaning they have the co-benefit of reducing local air pollutants, such as particulates and ozone. And because these sources use no fuel to generate electricity, they are essentially free to operate once installed, meaning electricity will continue to get cheaper.

Energy Efficiency

Innovation in energy efficiency continues as well. Well-constructed buildings today use a fraction of the energy that older buildings use, thanks to advances in lights, windows, insulation, and heating and cooling systems—all while maintaining or even improving comfort and energy reliability. Home appliances, industrial equipment, and vehicles have also become more efficient, providing the same or better service while using much less energy to operate.

The proliferation of light-emitting diode (LED) light bulbs is one of the most successful examples of innovation in energy efficiency. Since 2008, the efficiency of LEDs has approximately doubled, while prices have declined by 90 percent. New LEDs use about one-eighth as much energy as the incandescent bulbs they replace and last about 20 times longer. As a result, more than 80 million LED bulbs have been installed in the United States today, which have avoided millions of tons of CO2 emissions and saved billions of dollars. Lighting is responsible for approximately 20 percent of the world’s building sector electricity consumption,11 meaning efficiency gains in this realm and others can add up to real energy and emission savings.

In all, the International Energy Agency (IEA) calculates that energy efficiency investments in IEA countries have saved 2,200 terawatt-hours of electricity—more than a tenth of global electricity consumption in 2015—avoiding more than 10 billion tons of CO2 and saving $550 billion in avoided energy costs.12 By 2030, it is estimated that improved lighting efficiency could result in electricity savings equivalent to current electricity demand for all of Africa.

With these advances in renewable energy and energy efficiency technologies, many countries have decoupled or are beginning to decouple their energy use from economic productivity. Growth in the clean energy industry has created millions of new jobs, and prices for renewable energy sources and efficiency are now competing with (and often beating) prices for fossil fuel energy. A low-carbon future now costs the same as or less than a high-carbon one.

We Know Which Policies Can Achieve Effective Emission Reductions

Decades of energy policy examples have highlighted which policies are most effective in reducing carbon emissions and energy use. For instance, we know a strong building code that continuously strengthens over time and has a strong monitoring and enforcement mechanism, as in California, can dramatically reduce energy use and emissions. And we know fuel economy standards for vehicles, when designed well, can dramatically improve fuel efficiency.

We also now have resources that can help parse through the available policy options. The Energy Policy Simulator,13 which allows users to evaluate the impact of hundreds of different climate and energy policies on emissions and costs, is one such tool. Another resource is the Clean Energy Solutions Center,14 which connects policymakers with experts who can help craft effective climate and energy policy. We’ll discuss these tools in greater detail in Chapter 3 (“How to Prioritize Policies for Emission Reduction”).

The World Is Embracing These Technologies and Policies

The political will to enact strong climate and energy policies is stronger than ever. From local city ordinances to international treaties, politicians are lining up to put strong policies into action. At the international level, 189 countries have submitted emissions targets (intended nationally determined contributions [INDCs]) and signed the Paris climate treaty.15 These commitments, which cover nearly 99 percent of the world’s total emissions, are the first step in the battle to limit climate change. If met by all countries on time, the targets get the world about one-third of the way to the global goal of limiting climate change to tolerable levels (Figure I-8). Of course, pledges don’t result in emission reductions; strong climate and energy policies with stringent monitoring and enforcement will be key to turning the commitments into real emission reductions.
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Figure I-8. Pledges made as part of the Paris Agreement get us partway to the 2°C pathway. (Graph data reproduced with permission from Climate Interactive and Climate Action Tracker, “Climate Action Tracker: Global Emissions Time Series,” Climate Action Tracker, 2015, http://climateactiontracker.org/assets/Global/december_2015/CAT_public_data_emissions_pathways_Dec15.xls; “Scoreboard Science and Data,” Climate Interactive, December 20, 2013, https://www.climateinteractive.org/programs/scoreboard/scoreboard-science-and-data/.)

The private sector is also embracing a low-carbon future. Businesses around the world are making ambitious pledges to cut their emissions. Nearly 180 companies, from Autodesk to Xerox, have signed the Science Based Targets initiative,16 setting emission reduction targets. Beyond this pledge, 69 companies have joined the RE100 initiative,17 committing to 100 percent renewable power, and many are more than halfway to meeting this target.18

Other public sector organizations, faith-based groups, foundations, and universities have also shown their support for curbing emissions by pulling their investments out of fossil fuels. In total, more than 550 institutions with assets of $3.4 trillion (a much smaller portion of which is invested in fossil fuels) have divested.19

Consumers, too, are shifting their behavior to reduce their carbon footprint. Households are installing solar panels (or, where that’s not feasible, opting into green power programs offered by their utilities or joining community solar programs), buying energy-efficient appliances, and driving electric vehicles (EVs). For EVs specifically, more than a million have been sold around the world—reflecting breakneck growth rates from nearly zero just 5 years ago— and millions more are estimated to hit the roads in coming years as technology advances and production costs decline further.

In many cases, people take these actions purely because they are turning out to be cheaper than continuing their behaviors as usual. Smart energy devices such as thermostats and lighting systems are saving consumers money while improving comfort.

Development in low-emission technologies is providing a wide array of options for emission abatement. However, to have a shot at a reasonable climate future, policymakers will need to help push these technologies into the marketplace, and that requires smart policy. To figure out which policies can help achieve these goals, it is critical to quantify each major source of greenhouse gas emissions.

The Sources of Greenhouse Gas Emissions

There is no way to achieve a reasonable future unless the world focuses, first and most intensively, on the highest-potential abatement opportunities. The first step in this process is to identify the sources of greenhouse gas emissions around the world.

Nearly 75 percent of global greenhouse gas emissions are generated by just 20 countries (Figure I-9). Focusing efforts in these countries offers the highest potential for emission reductions.

Globally, and especially within the top 20 countries, emissions from energy combustion and industrial processes (which in this book include agriculture and waste) are the primary source of greenhouse gases, comprising more than 93 percent. Energy makes up nearly 74 percent of emissions, with industrial processes coming in at just under 20 percent. Targeting emissions from energy and industrial processes has the greatest potential for reductions.

Drilling down into the energy sector, emissions are fairly evenly spread across subsectors. The electricity sector is responsible for the largest share of emissions due to the combustion of coal, gas, oil, and biomass for power generation. Next up is industry, with emissions from energy combustion for electricity and heat. Transportation is third, followed by buildings. Of course, many sectors are interrelated: The efficiency of building components determines the amount of electricity used by buildings, and the quality of building construction affects the amount of materials needed to fix existing buildings or build new ones, driving industrial energy use and emissions.
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Figure I-9. The top 20 emitting countries are responsible for roughly 75 percent of global emissions. (Graph data reproduced with permission from CAIT Climate Data Explorer, 2017 [Washington, DC: World Resources Institute], available online at cait.wri.org.)

Industrial process emissions are dominated by emissions related to livestock, natural gas and petroleum systems, cement production, landfills, and refrigerants. Chapter 12 (“Industrial Process Emission Policies”) includes a complete breakdown and a discussion of process emission policies.

This quantitative assessment points toward a straightforward roadmap for reducing energy-related emissions: Implement policies that reduce emissions in the electricity, industry, transportation, and building sectors in the top 20 emitting countries. For more information on targeting energy policy toward top sources of emissions, see Chapter 1 (“Putting Us on Track to a Low-Carbon Future”).

Essential Climate and Energy Policy

For energy and climate policy to be effective, a suite of policies is needed; there is no silver bullet in this business. To design an optimal suite of policies, a policymaker should consider policies of four broad types: performance standards, economic signals, support for R&D, and enabling policies. Together, they create a powerful symbiosis that can drive deeper carbon emission reductions than policies in isolation while increasing cost-effectiveness.


	Performance standards: Performance standards set minimum requirements for energy efficiency, renewable energy uptake, or product performance. Examples include vehicle fuel economy standards, energy-efficient building codes, renewable portfolio standards, and power plant emission limits.

	Economic signals: Economic signals are policies designed to accelerate the adoption of clean energy technologies, ensure that positive and negative social impacts (i.e., externalities) are incorporated into product costs, or otherwise use the market as a tool for efficiently achieving emission reductions. Examples include carbon taxes and subsidies for clean energy production or efficiency upgrades.

	Support for R&D: Government support for R&D can accelerate innovation. New technology spurs economic development and reduces reliance on expensive and volatile fossil power sources. Government support can come in the form of funding for basic research (on technologies far from commercialization) intended to benefit many new industries. However, one of the most powerful ways government can support R&D is by creating an environment where private sector R&D can thrive. Examples include sharing technical expertise and facilities (such as national laboratories); adopting appropriate intellectual property protections; promoting robust science, technology, engineering, and mathematics education in public schools and universities; and structuring immigration laws so companies are not prevented from hiring foreign talent in science, technology, engineering, and math (STEM).

	Enabling policies: Enabling policies enhance the functionality of the other policies, often through direct government expenditures, information transparency, or reduction of barriers to better choices. For example, a policy requiring clear energy use labels on products allows consumers to make smarter decisions, and good urban design gives people transit options other than driving their car, enabling them to respond to well-designed economic signals.



When setting energy policy, it is best not to fall in love with a particular technology or a particular policy. For example, neoclassical economists love economic signals, such as carbon taxes. This is indeed the best policy for sectors that are highly price sensitive and for which there are low-carbon alternatives at near-competitive prices. But it may prove quite limited in other circumstances. R&D support wins the hearts of many a technologist, but this strategy does little to bend the practices of incumbent companies seeking to recover the costs of old technology, such as coal plants.
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Figure I-10. The policy–technology learning curve (illustrative).

The beginning of wisdom in selecting a policy type is to map the technology, or the problem to be solved, on a learning curve, which shows how a technology price changes as the volume of production increases (Figure I-10).

Advanced nuclear power, carbon capture and sequestration, algal fuels, and dozens of other intriguing options require serious, sustained R&D. R&D, and innovation in general, has been one of America’s greatest strengths, but we have shorted it, both in quantity and at times in management, so we do not have the shelf of options we should.

Once the basic principles of a technology are proven and early production is under way, a big and costly effort is needed to drive the price down to a reasonable level. We have seen this work dramatically in the last decade with wind and solar power, which experienced price drops of more than 80 percent and 60 percent, respectively. Over a slightly longer period, refrigerator energy consumption dropped by 80 percent. This improvement was realized because a number of jurisdictions set clear performance standards for those technologies. Today, offshore wind, central station solar, zero-net-energy buildings, and other technologies can improve most quickly if backed by clear performance standards. It’s worth noting that performance standards are common and commonly accepted by even the most hardcore economists in many realms: Our building codes ensure that buildings don’t easily burn or fall down, meat standards prevent innumerable cases of poisoning, and clean water is rightly considered a right.

Finally, for many sectors and technologies, pricing is the key. Removing subsidies for fossil fuels is the first step—though still widely ignored. Next, policymakers must incorporate the cost of externalities, such as adding a carefully derived social cost of carbon or setting a carbon cap.

Policy Design Principles

Of course, there is more to good policy design than just selecting the strongest set of policies. Each policy must be well designed in order to function as intended and achieve a policymaker’s desired outcome—and a number of policy design principles can help. Careful application of these design principles, listed in Table I-1, can make the difference between a policy that works and a policy that fails. For more information on the four essential types of energy policy and these policy design principles, see Chapter 2 (“Energy Policy Design”).

Together, targeted interventions in the top emitting countries using the best, well-designed policy options can put us on a path to a low-carbon future. The imperative to act rapidly and intelligently is overwhelming. This book offers a clear, workable strategy toward that.

Prioritizing Policies for Emission Reduction

Policymakers have many options available to them to reduce emissions from energy and industrial processes. The first step in evaluating which policies to prioritize is to assess the structure of the economy and emissions. Knowledge about how many cars, buildings, and power plants there are, how much energy they use, how their use is expected to grow over time, and so on can highlight which areas of the economy should be a focus for emission abatement.

The next step is to quantitatively evaluate the potential for policies to reduce emissions. Often this is done through marginal abatement cost curves (discussed in Chapter 3, “How to Prioritize Policies for Emission Reduction”), which look at the ability and cost-effectiveness of specific technologies to reduce emissions. A new advance, and improvement, is to instead evaluate the ability and cost-effectiveness of specific policies to reduce emissions, through policy cost curves. An analysis grounded in policy rather than technology gives policymakers a more direct path to emission reductions because it taps into their ability to implement policy.

Table I-1
Energy Policy Design Principles




	
Performance Standards

	
Economic Signals

	
Support for R&D




	
Create long-term certainty of the standards to provide businesses with a fair planning horizon.

Build in continuous improvement.

Focus standards on outcomes, not technologies.

Prevent gaming via simplicity and avoiding loopholes.

	
Create a long-term goal and provide business certainty.

Price in the full value of all negative externalities for each technology or

Use a price-finding mechanism.

Eliminate unnecessary soft costs.

Reward production, not investment, for clean energy technologies.

Capture 100% of the market and go upstream or to a pinch point when possible.

Ensure economic incentives are liquid.

	
Create long-term commitments for research success.

Use peer review to help set research priorities.

Use stage-gating to shut down underperforming projects.

Concentrate R&D by type or subject to build critical mass.

Make high-quality public sector facilities and expertise available to private firms.

Protect intellectual property without stymieing innovation.

Ensure that companies have access to high-level STEM talent.






Not every country needs to conduct all these analyses. Some regions will be quite similar to others that have already conducted some or all of these assessments, in which case similar findings will apply.

Additionally, decades of experience in policy design backed up by quantitative computer modeling demonstrate that a small set of these policies (Table I-2), designed well, can effectively reduce emissions. Each of these policies is introduced and discussed in detail in Part II of this book.

In the power sector, renewable portfolio standards and feed-in tariffs can reduce emissions by increasing the share of fossil-free power generation. Designed well, they can minimize the costs of transitioning to a low-carbon power system. Complementary policies, such as support for transmission, smart utility policy design, and efficiency resource standards, are important as well.

Table I-2
Most Effective Policies for Reducing Emissions
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Strong standards and incentives to improve energy use in industry can significantly reduce emissions from the industrial sector. The industry sector also has significant process emissions, which include emissions of CO2 and other non-CO2 gases generated in industrial processes. Policymakers can require control of these emissions and offer incentives and other forms of assistance to encourage reductions.

In the building sector, building codes and appliance standards are the best tools for reducing emissions. These policies tend to save money as well, because over time decreased energy use outweighs any increase in costs.

Fuel economy standards, vehicle feebates, electric vehicle incentives, and smart urban planning can all reduce emissions significantly in the transportation sector by increasing the fuel efficiency of vehicles, decreasing their emissions, and offering alternative transportation options.

Carbon pricing is another strong tool for reducing emissions, encouraging emission-reducing behavior across the economy and pushing investments to lower-carbon options.

Finally, support for R&D helps reduce the costs of all of these policies while providing opportunities for new low-carbon technologies to hit the market.

For more on which policies can most effectively drive down emissions, see Chapter 3 (“How to Prioritize Policies for Emission Reduction”) and individual chapters in Part II of this book.

How to Use This Book

This book should be used as a resource by policymakers, advocates, philanthropists, and others in the climate and energy community as a guide to where to focus efforts and how to ensure that policy is designed to maximize success. Part I of the book provides readers with a roadmap for understanding which countries, sectors, and sources produce the greatest amount of greenhouse gas emissions. It should help readers understand that focusing on energy and industrial process emissions in the highest-emitting countries is the most effective way to reduce greenhouse gas emissions. Part I also provides readers with insight into how they can choose which policies to focus on and which to prioritize.

In Part II of the book, readers can explore each of the top emission-reducing policies in detail. Each chapter includes detailed information on the policy and its goals, when to apply each policy, the key policy design principles that make that policy effective, and case studies of good and bad applications of that policy. At the end of a chapter on a specific policy, readers will be able to identify the right situations in which to apply that policy and the key design elements that are necessary.

Conclusion

Climate change requires action as soon as possible to limit emissions and avoid exceeding two degrees of warming. Governments, businesses, and organizations around the world have committed to reducing emissions, laying the foundation for deeper emission cuts that put the world on a trajectory to a lower-carbon future. The key now is in turning these pledges into reality—with laser-focused, well-designed policy.

This task is by no means impossible. We have the technology today to rapidly move to a clean energy system. And the price of that future, without counting environmental benefits, is about the same as that of a carbon-intensive future. So the challenge is not technical, nor even economic, but rather is a matter of enacting the right policies and ensuring they are properly designed and enforced.





PART I

A Roadmap for Reducing Greenhouse Gas Emissions

Significant reductions in greenhouse gas emissions are necessary to limit climate change and stay under two degrees of warming by the end of century. To identify where reductions will be most effective, it is necessary to examine the greatest sources of emissions. Seventy-five percent of global greenhouse gas emissions come from just 20 countries. Furthermore, 94 percent of emissions come from industrial processes and the energy used in power and heat generation, transportation, industry, and buildings. These findings show that we must focus our efforts on reducing emissions from industrial processes and energy in the top 20 countries.

Policymakers have many options available to tackle emissions. Policies can generally be classified as one of four types, each of which reinforces the others: performance standards, economic signals, support for research and development (R&D), and supporting policies.

Performance standards improve new equipment and help capture savings that economic signals cannot, because of market barriers. Economic signals can be highly efficient and encourage the uptake of more efficient equipment driven by performance standards. Support for R&D and enabling policies lower the costs of performance standards and economic signals by pushing new technologies to market and lowering the costs of existing technologies by removing deployment market barriers.

There is no silver bullet policy for tackling emissions. Rather, a portfolio of policies that reinforce one another is the best approach. In Part I, we’ll discuss the suite of policies available, strategies for identifying the most effective options, and principles for designing successful policy programs. Quantitative modeling reveals that these policies, designed and implemented well, can put the world on track to a future where warming is limited to two degrees or less.





CHAPTER ONE

Putting Us on Track to a Low-Carbon Future

As outlined in the Introduction, significant reductions in greenhouse gas emissions are needed to avoid the worst impacts of climate change. But how much effort is needed? What types of reductions and emissions pathways are needed in order to avoid the worst parts of climate change? And how we do know where to focus our efforts? This chapter tackles these questions and highlights the sectors where our efforts will have the greatest impact.

Avoiding the Worst Impacts of Climate Change

The level of greenhouse gases in the atmosphere is measured in parts per million, or the number of greenhouse gas particles per million particles in the atmosphere. The impact of gases other than carbon dioxide is measured by equating those gases to an equivalent amount of carbon dioxide, called carbon dioxide equivalent (CO2e). The equivalence of gases ranges widely. For example, 1 molecule of methane equals about 30 molecules of carbon dioxide, whereas other chemicals such as fluorinated gases, used primarily as refrigerants, are thousands of times more potent than carbon dioxide per molecule. Notably, the equivalence value varies based on the timeframe over which the gas is evaluated (methane has a higher equivalence over 20 years than over 100 years, for example) and as the science of climate change advances. The total amount of CO2e in the atmosphere includes CO2 as well as all the other gases that contribute to climate change.

There is broad consensus that preventing the worst impacts of climate change requires keeping global warming below two degrees Celsius through the end of the 21st century. To have at least a 50/50 chance of limiting warming to two degrees, we must limit concentrations of CO2e to 500 parts per million by 2100, although some overshoot of this target in previous years is okay.1 Yet in 2015, CO2e concentrations measured 485 parts per million, and they have been increasing at a rate of 2–4 parts per million per year.2 To achieve the 500 parts per million target by 2100, immediate on-the-ground action is needed. But what does this mean in terms of emissions?

Climate change and the warming that drives it are a function of the total amount of carbon in the atmosphere. In other words, it is a stock problem, not a flow problem, as discussed in the Introduction. Therefore, it is useful to think of emissions, and necessary emission reductions, in terms of cumulative totals rather than annual amounts. Significant action to reduce emissions will be needed throughout the 21st century, but for simplicity and given the growing uncertainty in years further out, we focus on the necessary reductions between now and 2050.

Without additional action to reduce greenhouse gas emissions, just over 2 trillion tons of CO2e will be emitted between 2016 and 2050.3 Although climate models vary, they show that in order to meet the 500 parts per million target, cumulative total emission reductions of 25 to 55 percent relative to a business-as-usual scenario are necessary between 2016 and 2050.4

For this book, we rely on modeling completed in 2013 as part of the Low Climate Impact Scenarios and the Implications of Required Tight Emissions Control Strategies (LIMITS) exercise. In particular we rely on the modeling done by Pacific Northwest National Laboratory and the Joint Global Change Research Institute using the Global Change Assessment Model, evaluating emissions between 2010 and 2050. More information on the Global Change Assessment Model, the LIMITS study, and emission scenarios from the Intergovernmental Panel on Climate Change is provided in Appendix II.

The results of the LIMITS study suggest that to have a 50/50 shot at staying under two degrees of warming we need to reduce cumulative greenhouse gas emissions by at least 41 percent between 2010 and 2050 (Figure 1-1).

This value is global; emission reductions needed from individual countries will vary, depending on their development status. For example, the most industrialized countries will need to achieve significantly deeper reductions than the 41 percent global number to compensate for other emerging economies with high rates of economic development. It’s also worth noting that a 41 percent reduction in cumulative emissions entails much greater annual emission reductions in later years as emission reductions are phased in. In 2050, global annual emission reductions of 65 percent relative to business-as-usual will be necessary, with the more economically developed regions needing to achieve reductions of 70 percent or more.

This book evaluates potential reductions at a global scale. According to the Global Change Assessment Model results discussed earlier, we need cumulative greenhouse gas emission reductions of just over 40 percent between 2020 and 2050 relative to business as usual to give ourselves a 50/50 shot at staying under two degrees of warming. This is the target we aim for in this book.
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Figure 1-1. Emission reductions needed for a 50 percent chance of avoiding 2°C global warming. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

The Paris Agreement: A Good First Step

In December 2015, 189 countries responsible for nearly 99 percent of the world’s greenhouse gas emissions signed the Paris Agreement,5 in which they agreed to make an effort to limit emissions over the next 10 to 30 years. The centerpiece of the Paris Agreement is each country’s specific emission reductions targets.

If the targets are all met, they would collectively move emissions a good share of the way to the two-degree pathway. As shown in Figure 1-2, the Paris Agreement commitments, on their own, move the emission curve about a third of the way to the two-degree pathway relative to business-as-usual. If existing policies and the Paris pledges are extended to 2100 with the same degree of effort, the emission curve moves about 80 percent of the way to the two-degree pathway. Despite the United States’ decision to withdraw from the Paris Agreement, commitments from remaining countries still cover more than 80 percent of the world’s emissions today. Furthermore, U.S. states, cities, and businesses have expressed their commitment to meeting emission reduction targets, which will help reduce U.S. emissions.

[image: Image]

Figure 1-2. Pledges made as part of the Paris Agreement get us partway to the 2°C pathway. (Graph data reproduced with permission from Climate Interactive and Climate Action Tracker, “Climate Action Tracker: Global Emissions Time Series,” Climate Action Tracker, 2015, http://climateactiontracker.org/assets/Global/december_2015/CAT_public_data_emissions_ pathways_Dec15.xls; “Scoreboard Science and Data,” Climate Interactive, December 20, 2013, https://www.climateinteractive.org/programs/scoreboard/scoreboard-science-and-data/.)

The commitments enshrined in the Paris Agreement represent a significant diplomatic accomplishment and provide a very important impetus to move the global economy in the right direction. However, the existing commitments do not themselves add up to the two-degree pathway. And, perhaps more importantly, the pledges on their own will not result in on-the-ground emission reductions. Domestic policy is needed to drive change in the power plants, factories, buildings, vehicles, and forests. These shortcomings raise two important questions: First, how can policymakers close the gap between the existing Paris commitments and the two-degree pathway? Second, how can policymakers translate the targets into real-world emission reductions?

Focus on the Highest-Emitting Countries

Although the Paris Agreement encompasses nearly 99 percent of global emissions (not including the proposed U.S. withdrawal, which drops it down to about 82 percent), just 20 countries account for nearly 75 percent of global greenhouse gas emissions (Figures 1-3 and 1-4). The top 20 emitting countries all submitted pledges in 2015 (although, as noted, the United States has announced its withdrawal since then), but many of these countries have the potential to significantly strengthen their commitments. For example, Climate Action Tracker, an independent group that tracks and evaluates climate policy, rates the following countries’ pledges as “Inadequate”: Russia (4th largest emitter), Indonesia (5th largest emitter), Japan (7th largest emitter), Canada (8th largest emitter), Australia (12th largest emitter), South Korea (13th largest emitter), and South Africa (17th largest emitter).6 Even the two largest emitters, China and the United States, have only “Medium” ratings for their pledges.7 The weak contributions from many of the top-emitting countries, including 4 of the top 10, suggest that targeting these countries for additional reductions could make a positive impact on global emissions and help move global commitments closer to the two-degree pathway.
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Figure 1-3. The top 20 emitting countries are responsible for roughly 75 percent of global emissions. (Graph data reproduced with permission from CAIT Climate Data Explorer, 2017 [Washington, DC: World Resources Institute], available online at cait.wri.org.)
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Figure 1-4. Emissions vary widely in the top 20 emitting countries, dominated by China and the United States. (Graph data reproduced with permission from CAIT Climate Data Explorer, 2017 [Washington, DC: World Resources Institute], cait.wri.org.)

Energy and Industrial Processes Drive Greenhouse Gas Emissions

The second and perhaps more important question is: How do countries translate pledges, which are simply high-level emission targets, into actionable policy that will achieve real-world emission reductions? Answering this question requires an assessment of what sources are responsible for greenhouse gas pollution.

Energy and industrial process (including agriculture and waste) emissions are by far the largest driver of CO2e emissions globally (Figure 1-5).8 Energy-related emissions account for just under 74 percent of global emissions, and industrial processes account for nearly 20 percent. Together, they total nearly 94 percent of global greenhouse gas emissions. In some countries, such as Indonesia, Brazil, and Nigeria, deforestation and other land use change emissions are significant sources of greenhouse gases.9
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Figure 1-5. CO2e emissions are primarily from energy and industrial processes. (Graph data reproduced with permission from CAITClimate Data Explorer, 2017, [Washington, DC: World Resources Institute], cait.wri.org.)

The sources of industrial process emissions are well documented, and specific policies targeting those emissions are discussed in Chapter 12 (“Industrial Process Emission Policies”). Given the fact that energy is the largest source of greenhouse gas emissions, the next logical question becomes: What drives energy-related greenhouse gas emissions?

Energy-related greenhouse gas emissions are concentrated in the electricity,10 transportation, building, and industry sectors, with power plants generally being the largest source (Figure 1-6).11 These emissions come primarily from burning coal and natural gas to create power and heat and burning petroleum products to power vehicles.
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Figure 1-6. Energy and industrial process CO2 emissions are fairly evenly spread across the electricity, industry, transportation, and building sectors. (Graph data reproduced with permission from CAIT Climate Data Explorer, 2017 [Washington, DC: World Resources Institute], cait.wri.org.)

A Roadmap to a Low-Carbon Future: Focus on the Biggest Sources in the Top Countries

The sector-by-sector math of CO2e emissions, overlaying the 20 countries that are the largest sources, sheds light on where to focus efforts. Quite literally, there is no path to a low-carbon future other than the list below. Every policy idea must be measured against its contribution to one or more of these goals.

Reduce Electricity Demand in the Building and Industry Sectors

Demand for electricity is driven by buildings and industry, and increasing their efficiency is a large-scale, cost-effective strategy. Efficiency is typically the most cost-effective way of reducing emissions, with initial investments paying dividends for years via reduced fuel costs.

Reduce the Carbon Intensity of Electricity Generation

Electricity sector emissions can also be lowered by reducing the carbon intensity of electricity generation. Using fossil-free technologies such as wind, solar, hydro, geothermal, and nuclear to generate electricity can avoid the emissions (and also the air quality problems) that come from burning fossil fuels such as coal and natural gas.

Reduce Transportation Emissions through Efficiency, Electrification, and Urban Mobility

The transportation sector is a large and growing source of greenhouse gas emissions. The top ways to reduce pollution from transportation are to improve vehicle fuel economy, electrify vehicles (and to simultaneously reduce the carbon intensity of electricity generation), and provide alternatives to personal vehicle travel via smart urban planning and public transit.

Reduce Non–Electricity Industry Sector Emissions

Non–electricity industry sector emissions are another large source of greenhouse gas emissions. These include primarily industrial process emissions (e.g., the chemical processes involved in cement manufacturing or natural gas venting and flaring) but also energy used for heat, as in the iron and steel industry.

Reduce Deforestation and Forest Degradation in Tropical Forest Nations

In tropical forest nations where a large share of emissions come from land use, land use change, and forestry, policymakers should aim to reduce deforestation and forest degradation. A handful of options exist to achieve these goals,12 including legally protecting forests through the creation of designated protected areas, payments to landowners for providing ecosystem services, and payments to landowners to remove forested land from timber production.

Although land use is an important sector for emission reductions, this book focuses on energy and industrial process emission reductions. The science, the policies, and the actors for reducing emissions from land use are very different from those for energy and industrial processes, and they deserve separate treatment from experts in land use policy.

Conclusion

The Paris Agreement targets, if fully achieved, get us about one-third of the way to the two-degree goal, meaning further reductions will be necessary. But more important, the commitments under the Paris Agreement are targets, and unless they are converted into highly effective, sector-specific national policies, they will achieve little. The aim of this book is to help guide that process.

The starting point is to evaluate where emissions are coming from. Energy and industrial processes are the dominant sources of greenhouse gas emissions in most economies. Within the energy sector, emissions are evenly spread across the electricity, industry, transportation, and building sectors. This assessment suggests that to reduce emissions, policymakers need to focus on reducing electricity demand in the industry and building sectors, reducing the carbon intensity of electricity generation, improving the efficiency of vehicles while providing cleaner alternatives, and reducing process emissions in the industry sector. In certain economies, a strong focus on reducing emissions from land use change is also necessary.

Now that we know what we need to do reduce emissions, the next question is: How do we achieve these goals? To examine this question, we turn next to the four essential types of energy policy.





CHAPTER TWO

Energy Policy Design

We have now evaluated the size of reductions necessary to put us on a path to meeting the two-degree target and examined the key sources of greenhouse gas emissions. Reducing energy-related emissions from electricity, buildings, transportation, and industry and industrial process emissions is the only way to achieve deep decarbonization.

But how can policymakers target reductions from these sources using policy? To answer this question, it is first important to understand the four types of essential energy policy and how they reinforce and interact with one another.

Essential Energy Policy

Many policymakers understand the urgent need to reduce greenhouse gases and mitigate the worst impacts of climate change, but they need data to help sort through the many types of policies that can help. Different policies are best suited for different circumstances, and some policies that look good on paper fail to perform in the real world. Despite this complexity, a practical consensus about what works is emerging, and it combines performance standards, economic signals, and research and development (R&D). In addition to these fundamental policy types, other enabling policies are also necessary, such as strategies that can lower the financial risk for deploying emerging low- and zero-emission technologies.

It is worth making the point here again that there is no silver bullet policy for dealing with climate change. Many economists will argue that carbon pricing is a panacea and can drive all the change that is needed. This is false. Carbon pricing, a type of economic signal, is useful and effective in many settings, but it is ineffective in parts of the economy prone to market failures. The limitations of carbon pricing in particular are introduced in this chapter and discussed in detail in Chapter 13 (“Carbon Pricing”), but in short, market failures often result in carbon pricing not delivering its expected impacts.

This leads to the next point worth stating bluntly: A portfolio of policies, including performance standards, economic signals, support for R&D, and supporting policies, is the most effective, lowest-cost way to drive down greenhouse gas emissions. Properly designed, they reinforce each other through system dynamics that emerge organically. However, a portfolio is not simply a grab-bag of policies. There are hundreds of policy options that have little value. The right policies must be selected for each sector, and then they must be designed and implemented well.

Performance Standards

Performance standards set quantitative targets at the device, fuel, or sector level; they specify what level of performance businesses or equipment must achieve, such as fuel economy standards for vehicles or particulate emissions standards for coal power plants.

Performance standards provide a quantity signal or minimum performance criteria where price is not an effective inducement. They help set guardrails for the market, allowing competition within those guardrails, which favors least-cost solutions that meet the constraint.

Performance standards are particularly valuable for motivating low-cost energy efficiency reductions that are not price responsive. For example, consumers are often uninterested in a more efficient appliance or vehicle unless any increased upfront price will pay itself back in fuel savings in less than 1 or 2 years (i.e., they have a very high discount rate). Performance standards increase the availability and uptake of price-competitive efficient and low-carbon options, making them consumer ready.

Another role for performance standards is to spur technological innovation essential to long-run decarbonization. Without a demand signal stimulated by performance standards, there may be insufficient investment opportunities from private companies to fund research and development in new areas.1 However, with strong performance standards and a clear timeline over which they will become more stringent, companies have a strong incentive to invest in innovation.

Take the case of electric vehicles (EVs), which are widely recognized as being a linchpin of global efforts to decarbonize.2 Performance standards to push EV deployment and innovation forward are needed because the near-term technologies will not be the lowest-cost options for auto fuel efficiency. In this instance, performance standards may be somewhat more expensive per unit carbon saved than economic signals, but they are needed in the short term to create the conditions for low-cost options in the long run. Examples of performance standards for this task include a zero-emission vehicle (ZEV) standard (requiring manufacturers to sell ZEVs as some fraction of total sales) or a low-carbon fuel standard (where the lifecycle carbon intensity of fuel decreases over time). The second type of case for performance standards is when market barriers have limited the adoption of energy efficiency technologies, even when there is a clear economic rationale for these technologies.

Performance standards have limitations (as do economic signals and R&D). Many performance standards target only new products, which is a particular limitation for long-lived investments such as building heating and cooling systems. They require regulators to be knowledgeable about the technology and business operations they are targeting. Performance standards must be stringent enough to force energy innovation but must be reasonable in terms of cost effectiveness and of what manufacturers will realistically be able to accomplish.

Economic Signals

Economic signals for climate policy come in two flavors: fees that discourage pollution, such as a carbon tax, and subsidies that encourage cleaner alternatives, such as incentives for energy-efficient products.

In terms of emission reduction, the most widely discussed policy is carbon pricing, which is covered in Chapter 13 (“Carbon Pricing”). Carbon pricing creates a signal that radiates across all sectors of the economy, affecting both the purchase of goods and their use. It is technology neutral and generates an efficient source of revenue, which can be helpful for accomplishing other policy objectives.

Many other economic signals are important as well. For example, power sector feed-in tariffs—which provide power plants with a fixed payment for each unit of electricity they generate and are covered in Chapter 4, “Renewable Portfolio Standards and Feed-In Tariffs,” can help decarbonize electricity. Transportation sector vehicle feebates, fees on inefficient vehicles rebated to purchasers of efficient ones and covered in Chapter 7, “Vehicle and Fuel Fees and Feebates”—encourage the purchase of more efficient vehicles.

Broadly speaking, economic signals are a helpful strategy for reducing emissions, but they are not a sufficient strategy for either short-run efficiency or long-run innovation. For example, well-known market failures and transaction barriers restrict the ability of economic signals to encourage adoption of low-cost—or even cost-saving—energy efficiency upgrades that would reduce emissions. There are many examples of these barriers, including split incentives, short payback horizons and inconsistent financial valuation, lack of upfront capital for investment, and a failure of the investor to capture the benefits of the investment.3 For these reasons, economic signals are often best when paired with performance standards that can target emissions from sources with significant market barriers. A successful portfolio of policies will include both performance standards and economic signals.

Rental properties offer a good example of the need for this combined approach. Split incentives occur in most rental properties when renters, and not building owners, who typically make the capital investment decisions that affect energy efficiency, pay the energy bills. A landlord not paying utility bills has little reason to upgrade an apartment fitted with an inefficient water heater and refrigerator, but the renter is in no position to make a capital improvement on the building. The economic opportunity is missed, and economic signals alone won’t fix it. In contrast, a good building code (a performance standard), properly enforced, can get the job done.

Although economic signals may reduce emissions less than in a completely efficient market because of market barriers, economic signals—particularly fees or taxes on pollution—can create new government revenue that can be reinvested in clean technologies and for other social causes. As a method of raising revenue to invest in low-carbon technologies, economic signals can be very effective.

R&D Support

Clean technology provides valuable environmental, health, and economic benefits that are not all represented, at least in the short term, in the prices people pay in the marketplace. Similarly, technological advances from investment in R&D lower the cost of future emission abatement and can therefore decrease the cost of any policy portfolio.

These uncaptured spillover effects from R&D create the need for policy support, which can be direct (e.g., government funding of research at universities or national laboratories) or may involve creating a policy environment that is favorable to private institutions doing their own research.

The key to deploying any technology is to achieve a decline in unit costs, which happens over the lifetime of a technology through learning in research settings, learning by doing in production and application, and economies of scale.

First, these price declines are driven by laboratory R&D, inventing and testing many iterations of a new technology. Then, in preparation for commercialization, a demonstration phase is necessary where engineering improvements help drive prices lower. As more units of the technology are deployed, price declines are driven by economies of scale and learning by doing (i.e., learning lessons about how to deploy the technology at scale and within a system, lessons that could not be learned solely from working with a new technology in a laboratory). Finally, once commercial viability is achieved and with increasing market penetration, decreasing production costs follow from large-volume economies of scale and additional learning by doing. Price declines are not automatic: A technology must be actively researched (in early stages), then incrementally improved and deployed (in middle and later stages), to realize cost reductions.

Learning curves is the term used to describe these regular patterns of declining costs in new technologies. Information technology is famous for having exponential learning curves. Energy technologies have also exhibited regular patterns of improvement in performance and cost.4

Solar photovoltaic (PV) electricity generation is a good example. This technology dates to the 1950s, but for many years it was too expensive to be used commercially, except in very limited circumstances, such as to power satellites. The price per watt of crystalline silicon solar cells was $76.67 in 1977.5 Over time, laboratory research (including learning from the commercial semiconductor industry) drove down prices, and as prices declined, more commercial applications for solar became feasible and deployment accelerated. This started a feedback loop that further drove down prices. The price per watt of a solar cell reached $0.26 in 2016, a decline of 99.6 percent in 39 years.6

The learning curve in Figure 2-1 shows that every time the world’s solar power has doubled, the cost of solar panels has fallen about 22 percent. Learning curves can help us select policy in combination with future emission targets. Once the emission reduction needs are known, the potential for reductions using currently available commercialized technologies can be evaluated. Once the remaining emission reduction deficit is known, emerging technologies can be assessed, sector by sector, to find the most promising ones for R&D support, based in part on their position on the learning curve.
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Figure 2-1. The costs of solar photovoltaic modules have decreased apace with deployment. (Diagram is a compilation of data according to references 1, 4, 5, 6, 7, 8 as mentioned on p. 48 of “International Technology Roadmap for Photovoltaic ITRPV,” ITRPV; VDMA, 2017.)

Working backward with an understanding of where we need to end up, policymakers can identify the most promising technologies. Of course, no one has a crystal ball. Some failures are inevitable in fundamental and early-stage research, but that does not make it any less essential for governments to support R&D for promising technologies.

Together with performance standards and economic signals, R&D support can help push laboratory technologies to market and provide new options for reducing emissions at low cost (Figure 2-2).
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Figure 2-2. Different policy types drive and reinforce each other.

Supporting Policies

In addition to the three types of policies outlined earlier, a large group of supporting policies can improve the effectiveness and lower the cost of performance standards, economic signals, and R&D. Supporting policies tend to lower transaction costs, improve information, and streamline decision making.

For example, appliance efficiency labels are a type of supporting policy that doesn’t set minimum performance criteria or price in externalities but provides purchasers with better information that can push them to choose the most efficient goods.

There are many different supporting policies, some of which are included in the policy-specific chapters in Part II of this book. However, these policies tend to be supportive of and secondary to the three types of policies discussed earlier.

Table 2–1
Energy Policy Design Principles




	
Performance Standards

	
Economic Signals

	
Support for R&D




	
Create long-term certainty of the standards to provide businesses with a fair planning horizon.

Build in continuous improvement.

Focus standards on outcomes, not technologies.

Prevent gaming via simplicity and avoiding loopholes.

	
Create a long-term goal and provide business certainty.

Price in the full value of all negative externalities for each technology or

Use a price-finding mechanism.

Eliminate unnecessary soft costs.

Reward production, not investment, for clean energy technologies.

Capture 100% of the market and go upstream or to a pinch point when possible.

Ensure economic incentives are liquid.

	
Create long-term commitments for research success.

Use peer review to help set research priorities.

Use stage-gating to shut down underperforming projects.

Concentrate R&D by type or subject to build critical mass.

Make high-quality public sector facilities and expertise available to private firms.

Protect intellectual property without stymieing innovation.

Ensure that companies have access to high-level STEM talent.






Policy Design Principles

Selecting between the four policy types discussed earlier is just the first step to a strong policy portfolio; the specific policies selected must be designed well to function effectively. Each type of policy has certain characteristics that determine whether it is successful. Experience with designing and evaluating energy policy over many years has elucidated a set of policy design principles that are essential components of performance standards, economic signals, and R&D policy, and that separate successful policies from failures (although supporting policies are an important element of any policy portfolio, their heterogeneity means they lack a set of design principles and are therefore excluded from this section).

In the next section, we’ll identify the most important design principles for each type of policy. They are generally applicable based on policy type, although each principle will not apply to every policy. They are not overly complicated. In fact, most of these policy design principles are obvious, yet they continue to be overlooked in energy policy, often with disastrous consequences.

Table 2–1 includes a list of the policy design principles.

Performance Standards

Create Long-Term Certainty to Provide Businesses with a Fair Planning Horizon

Performance standards affect decisions and investments made by businesses. One firm might invest in R&D to improve energy efficiency and comply with an appliance standard, and another may finance a wind farm to meet a renewable portfolio standard, which requires a minimum share of electricity generation from renewable resources.

Business investments take time and come with a degree of risk. For example, it may take an auto manufacturer years, and cost tens or hundreds of millions of dollars, to succeed in research that drives markedly higher efficiency. Without long-term policy certainty, it might be too risky for the manufacturer to invest in that research. The manufacturer may believe there is a low chance of succeeding within the necessary timeframe or may not want to risk the upfront investment if they believe the policy has a high likelihood of changing before research investments pay off.

If a performance standard takes effect too soon after its adoption, businesses may be unable to meet the standard as cheaply or with products of as high a quality as would have been possible if they’d had a few more years to prepare.

Just as businesses should not be hit suddenly with tighter standards than they were expecting, performance standards should not be delayed or relaxed at the last minute. To delay or weaken the standards has the effect of benefiting laggards (companies that did not sufficiently invest in R&D and other preparations to meet the standard) while hurting companies that made the necessary investments to meet the standards in good faith. Companies that worked to meet the new standards rely on the standards to get a return on their R&D investment, because they will be able to offer appealing products that meet the standards at lower cost than competitors. If they are unexpectedly forced to compete with competitors’ older, inefficient, but cheap products, they may not see the financial rewards they were expecting.

As a rule, in a given industry, standards should be known at least as many years ahead as it takes to complete a full product revision (that is, developing a new product, retooling factories to produce it, updating marketing materials, etc.). This timeframe varies by industry but generally is at least several years and may be as long as 10 years. Knowing standards even further ahead (say, two or three product revisions) might be even better.

Because of the uncertainty inherent in technological progress, it may not be possible to strictly specify what performance level is reasonable for a given technology to be required to meet 10 years in the future. There are two solutions to this problem.

The first solution is to base the new standard on a subset of the products available in the marketplace. For example, a standard might be set to the level achieved by the highest quintile of existing products, say, 3 years prior. This guarantees the standard can be met with available technology, because there existed commercialized products 3 years ago that met the standard.

The second option is to set a known schedule of when performance improvements will take effect, extending many years into the future, but the magnitude of the improvements is set closer to the date when they go into effect by a regulatory agency, with input from affected industries. This approach has the benefit of increased flexibility, but it reduces the certainty associated with a schedule of known improvements, and it makes the performance standard vulnerable to political interference and regulatory capture. Therefore, it is best used only when necessary to achieve consensus for tighter standards.

Build In Continuous Improvement

A performance standard must have a mechanism for automatic tightening, so it does not become stagnant and ineffective. This might continue until the technology starts to approach fundamental limits (e.g., theoretical efficiency limits imposed by thermodynamics), is replaced by another technology entirely (e.g., gasoline cars may be replaced by electric cars), or begins to saturate the sector (e.g., renewable electricity as a share of total electricity generation).

It is valuable for the improvement mechanism to be built into the law or regulation promulgating the standard. This means that the law specifies a requirement for tightening the standard over time. Adjustments to the standard may happen according to a known schedule (say, every 3 or 4 years), and the law may specify the amount of the adjustment or, if uncertain, the manner in which adjustments are to be determined (see the preceding section for two ways to do this). Alternatively, a standard may simply require a fixed annual percentage improvement.

Building improvement into the standard helps prevent long periods of stagnation that can result when legislative bodies or even regulatory agencies must opt to tighten the standard with legislation or rulemaking. In the United States, the fuel economy standard for automobiles reached 27.5 miles per gallon in 1985 and did not rise above this level until 2011, costing the United States hundreds of billions of dollars.

Japan’s Top Runner program has an excellent mechanism for continuous improvement. The Top Runner energy efficiency standards cover many different categories of products, each reviewed on a known schedule. At the time of review, the efficiency of the most efficient product on the market is selected as the standard that must be met by all manufacturers within several years. The policy also accounts for additional potential technological improvements by slightly increasing the standard above the value of the most efficient product. To increase flexibility, manufacturers must meet the standard on the basis of weighted average of all their shipments of products in a given category. A manufacturer might comply by selling only products that meet the standard, or a manufacturer might offer a product that fails to meet the standard, as long as the manufacturer also sells enough products that exceed the standard to bring the weighted average efficiency of all shipments above the standard. As a result of the Top Runner program, passenger vehicles improved in efficiency by 49 percent from 1995 to 2010, refrigerators by 43 percent from 2005 to 2010, and TV sets by 61 percent from 2008 to 2012.7

Focus Standards on Outcomes, Not Technologies

Standards should be set based on desired performance outcomes (e.g., fuel efficiency, pollutant emissions) rather than mandating the use of specific technologies. For example, rather than mandate the use of a particular type of particulate filter on trucks, impose a maximum level of particulates that may be emitted by a truck per kilometer it travels.

Specifying performance outcomes rather than mandating specific technologies gives companies the maximum leeway to innovate and apply different solutions, helping to achieve the desired outcomes at least cost (and possibly using novel techniques or technologies that were not anticipated at the time the regulation was written). It also reduces the burden on policymakers to keep up with technology developments in all fields for which they have adopted standards.

There are exceptions to this principle. When a technology is not fully mature but is ready for commercialization and shows promise to achieve very good results in the future, it may be worthwhile to create a separate performance tier or carve-out for the promising technology. This may provide it space in a crowded market, allowing it to achieve economies of scale and to develop to the point where a separate tier is no longer necessary. A good example is a renewable portfolio standard, which is also discussed in detail in Chapter 4, “Renewable Portfolio Standards and Feed-In Tariffs.”

A typical renewable portfolio standard is technology-finding: It specifies a fraction of electricity that must come from clean sources (and sometimes efficiency), and utilities determine the most cost-effective way to meet the standard. For instance, a utility may choose to build some wind turbines, build some solar panels, and start a demand-side efficiency program. However, some renewable portfolio standards contain a carve-out for less-developed technology, such as offshore wind, in the form of a minimum percentage of energy that must come from that source. Even though it is not technology-finding, a carve-out may be justified in the short term, while offshore technology develops and prices come down. In time, a carve-out for offshore wind should become unnecessary.

Prevent Gaming via Simplicity and Avoiding Loopholes

While some manufacturers will voluntarily create cutting-edge products that significantly exceed performance standards, others will do as little as possible while still complying with the law. This can lead them to seek out loopholes, ways of complying with the letter of the law while undermining its purpose.

If a standard is complex and intricate, and if it makes many distinctions between different types of equipment based on various design features or use cases, this leaves many openings where companies can potentially game the law. To insulate a standard against gaming and loopholes, it is helpful to write the standard to maximize simplicity and clarity and to state in broad terms the targets that must be achieved rather than making exceptions or different rules for equipment with different features.

For example, in the United States, the Environmental Protection Agency defined different vehicle fuel economy standards for “cars” and “light trucks.” Light-duty vehicles could be classified as light trucks based on minor design features (such as a vehicle that is “available with special features enabling off-street or off-highway operation and use”).8 Manufacturers were able to exploit the two different standards by making the minimum number of design changes necessary to allow them to classify many of their cars as light trucks, even though these vehicles were marketed and usually used for on-road, personal transportation. This led to a boom in SUV sales (classified as trucks) in the 1990s, until the light truck fuel economy standard started increasing in 2005.9

Another notorious loophole is found in sloppily designed testing standards. The Volkswagen diesel emission testing procedure was specifically designed to reduce pollution when a car was being tested, but not otherwise. Better testing, emulating real-world conditions, probably would have prevented this problem.

Economic Signals

Create a Long-Term Goal and Provide Business Certainty

Economic signals achieve energy savings through two mechanisms. First, they affect consumer behavior. For example, consumers might choose to drive less or to turn down their air conditioning in response to a fuel tax. This happens quickly after the policy comes into effect, if consumers are informed about the price changes and respond in an economically rational way.

The second mechanism involves influencing the choices consumers make when buying new products or the decisions companies make when building new equipment and, in turn, the equipment that manufacturers choose to produce and offer for sale. A carbon tax will increase demand for fuel-efficient equipment, and manufacturers will seek to respond to that demand.

Just as when they are trying to meet performance standards (discussed earlier), businesses will take action to improve their product offerings in response to an economic signal. They need time to invest in R&D activities, to change their manufacturing processes, to alter their supply chain, and to update their marketing materials. Firms need years to fully respond to a price signal that they learn about today.

Even more than with performance standards, there is often uncertainty about the permanence and magnitude of price signals. Tax rates can change dramatically based on the political preferences and economic viewpoint of the government at a given time, and subsidies are ideally structured to phase out as a technology achieves maturity. This uncertainty can interfere with businesses’ plans and reduce the effectiveness of price signals. For example, suppose a tax on fossil fuels is authorized only for a few years, with the possibility of renewal. A business may decide that it is not prudent to make large investments in R&D and retooling factories if the tax might be gone by the time any newly developed products can reach the market. Even if the tax is renewed, and renewed again, the continued uncertainty surrounding each renewal will dampen businesses’ responses to the tax, so it achieves less efficiency improvement than would have been caused by the same tax had it been authorized with sufficient long-term certainty in the first place. The same can be true of subsidies. The U.S. production tax credit, discussed in Chapter 5, is one example of how failing to provide long-term certainty can lead to poor investment decisions.

Similarly, a business with limited knowledge of future subsidy rates must hedge when making investments. If a feed-in tariff for wind power is extended for only a year at a time, a business will not be able to rely on it when deciding whether to commit to the construction of a large wind farm, which would take more than a year to site, permit, and build.

Generally, subsidies should be designed to phase out over time, while taxes should be designed to increase over time. When possible, the endpoint or goal of an economic incentive should be selected and explicitly specified. For example, the goal of a subsidy for wind power may be to help wind power scale to the point where it can compete economically without a subsidy. The long-term goal of a carbon tax may be to fully price in the social cost of emissions and then to remain at that level indefinitely. If a long-term goal is publicly specified, this helps businesses understand policymakers’ intentions and make plans with the benefit of having this endpoint in mind.

One example of a successful incentive phase-down is the California Solar Initiative. The California Solar Initiative provided a subsidy for residential solar installations that scaled down based on the cumulative installed capacity, with a clear future trajectory and timeline. The program is widely regarded as having been a nearly optimal subsidy policy and for having maximized economic efficiency while helping scale residential solar in California.10

Price In the Full Value of All Negative Externalities for Each Technology or Use a Price-Finding Mechanism

Economic incentives can be structured in two ways. Either the amount of the incentive can be specified explicitly, or the policy may stipulate a mechanism by which the incentive value is found. In economic terms, the policy assumes a known quantity or a known price, and it uses the market to find the other value. Each mechanism is appropriate in specific cases.

If the price of a given policy objective is known (e.g., the value of the damages caused by emissions—the externality), then a tax or subsidy can be set based on that price, allowing the market to identify the quantity of activity appropriate at that price, and to identify methods to reduce emissions per unit activity. For example, a policymaker may not be able to specify the exact quantity of CO2 emission reductions in each industry (e.g., cement, chemicals, steel) because they are each unique and complex businesses with differing abatement opportunities. However, if the policymaker has a good estimate of the harms caused by CO2 emissions, she can set the carbon tax at that level. Each industry will be motivated to find the most cost-effective ways to reduce its own emissions until any remaining abatement options are more expensive than the tax. From a social economics standpoint, social welfare is optimized at this point (because further emission reductions would be more costly than the benefits they provide).

The second way an economic incentive may be structured is as a price-finding mechanism. If a policymaker knows how much of something she would like to achieve (such as a specific quantity of clean energy on the grid), then a price-finding mechanism can be used to identify the lowest incentive that will achieve that outcome. For example, in a reverse auction, suppliers of a good (such as clean electricity) bid against each other for the lowest subsidy they will accept. The subsidy is set at the lowest level that would achieve a sufficient quantity of clean electricity, based on the amounts each supplier offered to produce at each price.

Eliminate Unnecessary Soft Costs

Often there are significant regulatory inefficiencies or permitting challenges that raise costs, increase timelines, or discourage investment in clean technologies. These soft costs can take many forms, such as large paperwork requirements for receiving rebates, burdensome environmental quality studies, or slow permitting processes. In many instances there are good and valid reasons for these requirements. In the case of vehicle rebates, the government needs to ensure it isn’t paying rebates for any vehicle more than once, and in the case of environmental quality studies, sufficient study is needed to ensure a new project will not harm endangered species, damage people’s homes, or lead to environmental damages. Nevertheless, a tradeoff occurs between regulatory burden and financial attractiveness for clean technology investments.

The government should take steps to reduce these soft costs for projects that promote decarbonization of the economy. Pre-zoning specific areas for specific types of infrastructure can be a promising approach for large clean energy projects. For example, a large area of desert, absent critical wildlife habitat, might be pre-zoned as “solar-ready,” and solar projects in that area can have greatly reduced requirements for project-specific permitting or approvals. Texas’s Competitive Renewable Energy Zones for wind power, discussed in more detail in Chapter 5, are a successful example.11 Another way to lower soft costs is to standardize necessary forms and allow online submission (over the internet).

Although the methods will vary based on the policy and technology being considered, policymakers should continuously look for ways to streamline processes for clean energy technologies in order to lower their costs and drive deployment.

Reward Production, Not Investment, for Clean Energy Technologies

Economic incentives for clean energy should be based on the amount of clean energy that is generated and used, not on the amount of capacity built or money invested to purchase or install clean energy infrastructure. This ensures that the incentive is paid only when these resources are actually used.

A subsidy based on installed capacity risks contributing to three problems. First, it encourages cheaper and lower-quality equipment. An inexpensive wind turbine might have the same rated power output as a higher-quality turbine, but it might break more frequently or be unable to produce as much electricity.

Second, capacity incentives promote installations in areas that may not be ideally suited to capacity growth. For example, they might encourage the placement of wind turbines in areas with worse wind speeds or where there is not sufficient transmission capacity to deliver all of the wind power to demand centers.

Third, a capacity-based subsidy eliminates the incentive to produce as much electricity as possible, because the subsidy is paid based on the size of the installation rather than the amount of electricity it generates.

Capture 100 Percent of the Market and Go Upstream or to a Pinch Point When Possible

An economic signal becomes harder to administer and is more prone to leakage—when consumers or businesses affected by the tax purchase goods from other areas without the tax—the further downstream (closer to the final point of sale) it is administered. In many cases an economic signal also can have much greater impact if administered upstream (closer to the point where the product is produced or imported). For example, a tax on coal administered at the coal mine will make the price of coal higher and induce power plants to switch to other fuels, whereas a tax on electricity based on the amount of coal generation not only is harder to administer but also is less likely to influence power plant operators to switch to other fuels. Therefore, economic signals should be administered as far upstream as possible. Sophisticated upstream actors will then mitigate the impacts of the tax by switching to less expensive options, and only the remaining impacts of the tax will be passed down to consumers via the pricing of goods.

Ensure Economic Incentives Are Liquid

Policies that offer economic signals in the form of subsidies should ensure these incentives are liquid and do not have unnecessary transaction costs. A liquid incentive is one that is easily transferable and is akin to cash. Grants or cash payments are highly liquid, but tax credits are not. For example, in the United States, to avoid the appearance of providing subsidies, the government usually offers tax credits (a reduction of income tax charged on some types of income). Often, the entities who earn the tax credits don’t have enough qualifying income to fully use the tax credits. Therefore, in order to take advantage of the credits, they are forced to partner with tax equity investors, entities that have sufficient qualifying tax liabilities. These entities are generally investment banks and other large financial institutions. Having to partner with one of a limited set of tax equity partners means less of the incentive goes directly to the clean energy developers while raising project costs (finding and negotiating a contract for tax credits is expensive). It would be more efficient to just provide cash payments or grants to the developers.

Ensuring subsidies are liquid and usable by the intended recipient helps to reduce the risk and complexity faced by clean energy projects and ensures government monies are used to subsidize projects most efficiently.

Support for R&D

Government support plays an instrumental role in energy R&D progress. This support may take three forms. The government may conduct research itself, in national laboratories or similar facilities. The government may fund research undertaken by others, primarily at universities and private companies. Lastly, the government may enact policies creating a favorable environment that facilitates private companies’ decisions to conduct R&D and makes their efforts more productive. The design principles for R&D are introduced here and discussed in detail in Chapter 14, “Research and Development Policies.”

Create Long-Term Commitments for Research Success

Performing research and developing new technology are lengthy processes, and several years may elapse after the start of R&D for any specific technology. Support for R&D must be robust and continuous over the long term to encourage companies to invest in the personnel and equipment needed to drive innovation.

Use Peer Review to Help Set Research Priorities

To help guide funding priorities, the government should involve the private sector, which can bring crucial expertise regarding the technologies, markets, scalability, and technical challenges associated with early-stage technologies. Bringing this experience to bear on funding decisions can help ensure that government R&D dollars are spent wisely.

Use Stage-Gating to Shut Down Underperforming Projects

Because R&D is inherently risky and can involve a lot of time and resources, it is useful for firms or governments funding R&D to review projects periodically and ensure they continue to be worth investing in. Stage-gating is the process of establishing certain milestones that projects must hit before they are given additional funding. Projects that fail to meet critical milestones are defunded, allowing resources to be spent elsewhere on more promising research.

Concentrate R&D by Type or Subject to Build Critical Mass

An efficient way for the government to fund and support R&D is to concentrate funding on a specific topic in more focused, granular institutions, possibly co-located with one another. This allows researchers working on similar technologies to share information and work together while avoiding the inefficiencies that can arise from spreading funding for similar research across many different institutions. Done well, this approach also helps establish “innovation hubs,” such as Silicon Valley in California, which has become the premier global location for software and information technology innovation.

Make High-Quality Public Sector Facilities and Expertise Available to Private Firms

Many countries have already invested in expensive, high-tech equipment for R&D purposes, often owned by the government. One way to improve government and private sector R&D is to allow businesses to partner with government-owned labs to conduct research together. Partnering with private companies can help overcome some of the cost barriers that prevent companies from buying their own equipment and conducting advanced R&D.

Protect Intellectual Property without Stymieing Innovation

A strong intellectual property (IP) foundation is critical for encouraging R&D investment by private firms. If patents are not protected, then any firm can make use of research results in its own products, reducing or eliminating the incentive for firms to engage in R&D in the first place. Policymakers should ensure that patent systems are sufficiently strong and enforced at a level that encourages innovation while also taking care not to provide overly broad IP protections that encourage unnecessary litigation and stifle innovation.

Ensure Companies Have Access to High-Level STEM Talent

A highly educated labor force is a key element for successful R&D. Ideally, companies and government-owned research facilities will have a large pool of researchers to draw on with strong backgrounds in science, technology, engineering, and mathematics (STEM). To attract this talent, policymakers can establish top-quality education programs and ensure immigration laws allow companies to hire STEM talent from other countries.

Conclusion

Policymakers have many options available when it comes to climate and energy policy, but these options generally fall into four categories: performance standards, economic signals, support for R&D, and supporting policies. Performance standards set minimum performance requirements and can push more efficient and cleaner technology into the marketplace. They are particularly well suited for instances where there are significant market barriers or information is hard to come by. Economic signals, which either subsidize products and outcomes or tax inputs or emissions, can encourage adoption of more efficient technology and less polluting behavior. They are particularly effective for industries that are highly price sensitive and where there are significant substitutes available. Together, performance standards and economic signals reinforce one another to drive companies to innovate and produce better technology that makes its way into the marketplace and into the cars, factories, and power plants that make up the economy. Support for R&D can lower the costs of performance standards and economic signals while making new technologies available. Supporting policies, which vary widely, are important as well and can increase information access and push new, more efficient technologies into use.

Performance standards, economic signals, and support for R&D are most effective when designed in accordance with a set of broadly applicable design principles. These straightforward principles can help separate good policy from bad while minimizing costs.

In this chapter we have walked through the four major types of climate and energy policies and their critical design principles. With this framework in mind, we turn next to understanding how policymakers can choose from the hundreds of policy options available to them to create a strong policy portfolio that leverages the relationships between each type of policy to drive down greenhouse gas emissions.





CHAPTER THREE

How to Prioritize Policies for Emission Reduction

In Chapter 1, we evaluated the key sources of global greenhouse gas emissions and the imperative to reduce emissions to achieve a reasonable climate future with less than two degrees of warming. To hit this target, we need to reduce cumulative global emissions by about 50 percent relative to business-as-usual through 2050. Of course, the annual emissions curve will look different from this in 2050, with emission reductions greater than 50 percent of the business-as-usual values.

Policymakers have many options to meet this goal. In Chapter 2, we outlined the types of policies available—performance standards, economic signals, support for R&D, and supporting policies—and the critical design principles central to each. No single type of policy can tackle climate change alone. Rather, each of the policy types reinforces the others, and a strong portfolio consisting of multiple policies is the most cost-effective way to capture real-world emission reductions.

With the goals and policy types in mind, we can turn to the next question: Which policies can effectively work together in a portfolio to drive down greenhouse gas emissions? This chapter lays out a framework for identifying those policies and provides insight into how to prioritize policies for reducing emissions.

Step 1. Take a Quantitative Look at the Economy

Critical: Assess the Structure of the Economy and Sources of Emissions

Ultimately, reducing emissions comes down to decarbonizing the large energy-consuming products and processes in the physical economy: cars, buses, and other vehicles; buildings and appliances; power plants; and factories.1 Therefore, a process to identify and prioritize the policies that will make the biggest difference for reducing emissions in a particular country must start with an evaluation of those energy-consuming products and processes in that country. How many cars are there? How efficient are they? How do we expect the number of cars and their efficiency to change over time? And so on.

This critical first step will highlight the main sources of emissions in the particular country (much like the global assessment in Chapter 1) and the trajectory of future emissions, which can help highlight priority areas of focus. For example, one analysis of Indonesia’s energy sector predicts a nearly tenfold increase in electricity demand by 2050, meaning that electricity sector policies designed to prevent coal generation from filling all or most of this demand would probably reduce emissions significantly by 2050.

Recommended: Evaluate Emission Impacts of Different Options

Energy and technology assessments need not be overly complex. A high-level understanding of the sources of energy demand and emissions can serve as a starting point for prioritizing policies. That being said, with more information, policymakers can make better policy decisions, better estimate the impacts of policies on future energy use and emissions, and thereby understand whether they are on track to achieve climate goals.

Using information from energy and technology assessments, policymakers can next move to quantitative evaluations of technology and policy abatement potential. This is an important step for robust assessment and prioritization, but in resource-constrained regions, it should be possible to sort out priorities based on the overall assessment of the economy and emission sources outlined earlier.

Tools for Evaluating Emission Impacts: The Marginal Abatement Cost Curve

A common method for evaluating greenhouse gas emission abatement potential is a technology assessment. Technology assessments evaluate the potential for specific improvements in equipment to produce greenhouse gas reductions. For example, a study of the power sector in a particular country might show that replacing coal power plants with hydropower, solar, and wind plants can reduce emissions by 200 million metric tons (MMT) of CO2e. Technology assessments are helpful for identifying the potential greenhouse gas reductions from specific changes to equipment such as vehicles, power plants, or motors in factories.

In many instances, assessments of technology potential are paired with estimated changes in capital, operating, maintenance, and fuel costs. The cost estimates can then be used to determine the relative cost-effectiveness of different technological options. For instance, the same example study on the power sector might find that replacing the coal plants with hydropower, solar, and wind plants raises capital costs by $100 million but lowers operating costs over the lifetime of the power plants (from savings on coal as a fuel) by $200 million, for a total of $100 million in savings. In aggregate, switching to these plants would save $1 for every ton of CO2e reduced. Similar assessments can be done for a large range of technology options and compared with each other on a marginal abatement cost curve, as in Figure 3-1, where the potential abatement guides the size of any option on the x-axis, and the cost-effectiveness of any option determines the size of any option on the y-axis.

Policymakers can use marginal abatement cost curves to evaluate the abatement potential and cost-effectiveness (in dollars per ton of greenhouse gas reduced) of specific technological improvements over a certain timeframe. The McKinsey cost curves are an example of this type of analysis.2 Marginal abatement cost curves are a highly useful tool for providing policymakers with insight into which technologies can most reduce emissions and the relative costs of different technology options. For example, McKinsey finds that globally, improving the efficiency in motor systems in the chemical industry could abate about 250 MMT of CO2e in 2030 and generate savings of roughly €60 per ton of CO2e avoided.3

Although marginal abatement cost curves are a useful tool for policymakers, they lack critical detail on how policymakers can achieve the technology improvements they specify. In other words, they are technology oriented; as is common in climate and energy modeling, these curves offer a technology-by-technology look at abatement potential and cost. Although it is valuable to understand the technological potential for emission reductions from different technologies, this does not answer the critical “what to do on Monday morning” question facing policymakers: Which policies can they use to most cost-effectively cause these emission-reducing technologies to be deployed?

Tools for Evaluating Emissions Impacts: The Policy Cost Curve

The best option for policymakers to use to sort out what specific actions they should prioritize is to focus on policies, rather than technologies, using a policy cost curve. Few tools exist that take this perspective. The Energy Policy Simulator (EPS), a free, open-source, highly vetted computer model developed by the team at Energy Innovation, LLC is one such tool. The EPS is a significant advance in the field of abatement cost curves because it allows policymakers to evaluate the abatement potential and cost-effectiveness of policies rather than technologies. Although the EPS is just one such tool for evaluating energy and climate policies, we rely on it extensively throughout this book. The EPS is discussed in further detail in Appendix I.
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Figure 3-1. U.S. Mid-Range Abatement Curve, 2030. (Exhibit 11 from “Reducing U.S. greenhouse gas emissions: How much at what cost?,” December 2007, McKinsey & Company, www.mckinsey.com. Copyright © 2018 McKinsey & Company. All rights reserved. Reprinted by permission.)

The EPS is a system dynamics computer model that estimates the effects of various policies4 on emissions, financial metrics, electricity system structure, and other outputs. The EPS model is designed to represent different countries by incorporating input data specific to the country in question. Appendix I discusses the purpose, structure, and function of the EPS. More detail on the technical workings of the EPS is available in the EPS online documentation.5


The EPS was developed by Energy Innovation, LLC with help from the Massachusetts Institute of Technology and Stanford University. The model has been peer reviewed by people associated with Argonne National Laboratory, the National Renewable Energy Laboratory, Lawrence Berkeley National Laboratory, Stanford University, China’s National Center for Climate Change Strategy and International Cooperation, China’s Energy Research Institute, and Climate Interactive.

The EPS aims to help policymakers evaluate a wide array of climate-related policies. The tool allows users to explore unlimited policy combinations and to adjust policy levers to any setting, allowing them to create their own policy scenarios. It simulates the years 2017-2050, using annual time steps, and offers hundreds of outputs. Some of the most important are emissions of 12 different pollutants; cash flow (costs and savings) for government, industry, and consumers;6 capacity and generation of electricity by different types of power plants; land use changes and associated emissions or sequestration; and premature deaths avoided by reductions in particulate emissions. These outputs could help policymakers anticipate long-term impacts and costs of implementing new policies. Many of the policies included in the EPS have not yet been explored in many countries, helping to present new options to policymakers. The tool not only may inform a roadmap for policymakers to implement climate goals (e.g., from the Paris Agreement) but also may show how policymakers could set new goals and increase their countries’ ambitions.



Policy cost curves require the same types of input needed to generate marginal abatement cost curves, but they include a consideration of the ability of policy to realize these technological changes on the ground. For example, in the power sector example earlier, the marginal abatement cost curve doesn’t specify which policies would be most cost-effective to cause the hydropower, wind, and solar plants to displace coal, just that doing so could abate 200 MMT. By contrast, a policy cost curve would use a specific policy (or a set of policies), such as a renewable portfolio standard of 50 percent, to achieve the same emission goal in the power sector. The EPS might even find that a 50 percent renewable portfolio standard would cause a different set of renewable technologies to be built, to achieve the same emission reduction at a lower cost. The advantage of this approach is that it helps inform policymakers about the specific policy instruments they can use and what stringency is necessary for each policy to achieve the targeted emission reductions. Much like marginal abatement cost curves, policy cost curves also compare the cost-effectiveness and abatement potential of policies with one another, providing insight into which sets of policies can deliver the largest and cheapest emission reductions.

Figure 3-2 is a policy abatement cost curve for the United States generated using the EPS. It shows a cost curve for various policies, each set to a high level of stringency. Each box represents a particular policy at a particular setting— with width indicating average CO2e emission abatement per year and height representing average costs or savings per ton of CO2e abated through 2050.7 Boxes below the x-axis represent policies calculated to save money on average through 2050, and boxes above the x-axis cost money.

At the far left of the curve are the cost-saving policies, which are dominated by performance standards. Performance standards often result in cost savings because in many instances the savings opportunity already exists, but other market barriers prevent action to realize those savings, like the split-incentive barrier in the building sector (discussed in Chapter 2). A carbon price is unlikely to capture these efficiency options, given that they are cost saving even without additional policy yet are still available. In these instances, a performance standard will unlock savings, where an economic signal may not be enough to overcome market barriers.

The reduction potential and costs of economic signals are clustered at the middle of the policy abatement cost curve. Economic signals, such as carbon pricing, can capture low- and medium-cost emission savings and are particularly important and effective for industries that are highly motivated by costs with low market barriers and readily available substitutes. For example, a carbon price can reduce emissions in the power sector if electricity is dispatched based on the least-cost set of resources and the electricity mix is highly diversified, allowing lower-emitting options to displace higher-emitting ones.
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Figure 3-2. The policy cost curve shows the cost-effectiveness and emission reduction potential of different policies. (Energy Policy Simulator, Energy Innovation, January 10, 2018, https://us.energypolicy.solutions.)

Though not shown on this cost curve, R&D policies can be thought of as an overlay that decreases the costs or increases the savings of the policies included in the curve. R&D policies are intentionally excluded from policy abatement cost curves because the impact of a dollar spent on R&D on emissions is extremely uncertain. Nevertheless, R&D is critical to unlocking new technologies and to driving down the costs of existing low-carbon technologies. R&D helps to reduce the costs and increase the savings from performance standards and economic signals.

Developing marginal abatement cost curves or policy cost curves can be time consuming and expensive, and in many instances the findings may be similar to those of other countries. As a result, resource-constrained policymakers should consider looking at similar countries that have conducted quantitative policy analyses for insight. In many cases, the same set of top-level findings are consistent across countries. The patterns and policy priorities that emerge from analyzing many different countries are discussed further in Part II of this book.8

Marginal abatement cost curves and policy cost curves provide policymakers with insight into their available options and the abatement potential and costs of those options. But policymakers still have to prioritize the strongest and most cost-effective policies once they have this information.

Step 2. Prioritize Policies

There may be hundreds of energy and climate policies on the policy cost curve, each of which has different strengths and weaknesses and targets different outcomes. To prioritize the options, it is useful to create a hierarchy of selection criteria.

Here it is important to reiterate the need for a portfolio of policies to drive greenhouse gas emission reductions rather than any single policy. Savings from one policy can be used to pay for costs of another. Performance standards, economic signals, and R&D policies have a virtuous interactive effect as described in Chapter 2. The most effective approach will be one that leverages the benefits of different policies and policy types to reinforce others.

Policy selection criteria—in order of priority—include emission abatement potential, cost, and other considerations, outlined here.

Greenhouse Gas Abatement Potential

Above all else, policies should be prioritized based on their potential to reduce greenhouse gas emissions, because this is the primary goal of climate policy. If specific policies have dramatically higher potential abatement, policymakers should focus on these first. This will maximize emission reductions while limiting the number of policies needed to hit any emission target.

Policymakers should evaluate abatement potential in aggregate over a set number of years for two reasons. First, in terms of global warming, what ultimately matters is the cumulative amount of greenhouse gases—and their associated warming impact—in the atmosphere, not the emissions in any particular year. Second, depending on the type of policy, the emission reductions in any single year might vary widely. For example, energy efficiency standards drive growing reductions over time as existing equipment is retired and replaced by new, more efficient equipment. Looking at a snapshot in any single year is therefore likely to misrepresent the savings potential of those policies. Therefore, it is best to think in cumulative totals over time.

Notably, many of the low-cost or cost-saving reductions that can be achieved with performance standards require a long time horizon to fully take effect. More specifically and as noted earlier, performance standards often influence only new equipment, and their impact grows as the existing fleet—whether it’s vehicles, air conditioners, or industrial motors—wears out, retires, and is replaced by new equipment. Because emission reductions are needed as soon as possible and performance standards take time to reach their full effectiveness but often deliver cost savings, there is a strong case for implementing performance standards as soon as possible.

Economic Impacts

After greenhouse gas abatement potential, the economic impact of a particular policy is the most important criterion to consider. For example, among two equally effective policies, one may have lower costs (or may drive more savings) than the other. When evaluating policies, two types of economic impacts are important to consider: direct economic and macroeconomic.

Positive or Small Negative Direct Economic Impacts

Typically, emission reductions involve some upfront capital investment that returns a stream of benefits, often involving lower energy costs (in the case of energy efficiency), lower operating costs (in the case of renewable electricity sources such as solar and wind, in which case the “fuel” is free), or increased revenue (in the case of methane capture, where additional product is available). When evaluating a policy for its economic impacts, it is necessary to consider both the upfront capital cost and the benefits that accrue over time. In many instances, energy and operating cost savings will more than pay for the upfront capital cost, even after inflation and discounting are considered. The best way to evaluate impacts is to look at the net present value of a policy, as is done in Figure 3-2, which accounts for the upfront capital cost and the stream of costs or savings that results as well as the cumulative emission abatement. A net present value provides a good approximation of the direct economic impact on individuals, businesses, and governments of complying with a given policy. Priority should be given to the policies with the lowest costs or largest savings.

Positive Macroeconomic Effects

Because climate policy affects energy choices, and energy is used in every sector of the economy, climate policies have ripple effects throughout the economy. Macroeconomic models are used to evaluate these and to provide insights into effects on jobs, wages, and overall gross domestic product (GDP), which are all important political considerations. Generally, macroeconomic modeling amplifies the direct effects of energy policies. However, some important structural shifts have been observed in response to certain climate and energy policies. Generally, the energy sector is capital intensive and produces few jobs compared with the local goods and services that make up most household spending. Therefore, even cost-neutral energy efficiency projects have positive job creation effects.9 Other analysis has found that renewable electricity generation produces more jobs than fossil-fueled electricity generation.10 Over the longer run, climate policy produces energy innovation, which helps make companies in the country affected by these policies better able to compete in global markets. For example, China’s renewable energy push has it made a global exporter of renewable technologies and helped grow its economy.11 Of course, if climate policy raises the prices of direct inputs for companies participating in global markets, it may be worthwhile to rebate some savings from the climate policies back to those companies, so that they can remain globally competitive. This question—how are climate policies affecting a country’s companies—should be assessed and tackled on a case-by-case basis for each industry in each country.

Although macroeconomic effects may be difficult to estimate, they are worth considering when evaluating which policies to implement.

Other Considerations

Political Feasibility

It goes without saying that a key consideration of any climate policy is whether it stands a chance of being enacted. A highly abating and perfectly designed policy is not worth pursuing if there is no chance it can be implemented. To that end, policymakers should consider whether the specific policies they want to focus on have a reasonable chance not just of being passed but of being implemented, and focus on those with higher likelihood of being implemented well to drive change on the ground.

Energy Security

Many countries import a portion of their fuels from elsewhere. Being dependent on foreign sources of energy makes a country more vulnerable to supply disruptions, price shocks due to geopolitical events, and political pressure applied by trading partners. It may also skew a country’s decisions about which other nations to support, or not to support, through foreign aid or military power. All told, it can reduce a country’s autonomy and constrain a country’s choices.

Policies that reduce the use of fuel types that are largely or partially imported help reduce these negative effects and increase the extent to which a country may pursue its own interests. Although policies that increase domestic energy production (whether clean energy or fossil energy) have the same effect, reducing dependence on fossil fuels is a better strategy, because increasing production of fossil sources would undermine emission reduction goals.

Public Health and Other Co-Benefits

Most policies that aim to reduce greenhouse gas emissions have co-benefits: positive effects for society other than mitigating climate change.12 The most important co-benefit is usually an improvement in public health. (“Improved public health” means fewer people get sick and fewer people die prematurely.) Thermal fuels, including all fossil fuels and biomass, release harmful air pollutants when burned, such as particulate matter, nitrogen oxides, sulfur oxides, and volatile organic compounds.13 The effects of these pollutants on human health can be estimated with epidemiological concentration–response functions and demographic data. Policymakers should take into account the number of human lives or, better, the number of quality-adjusted life years, that will be saved by implementing emission reduction policies.

Certain emission reduction policies have other co-benefits. For example, urban mobility policies that reduce the number of cars on the roads (by encouraging mode shifts to biking, walking, and public transit) reduce lost time and productivity due to sitting in traffic. These policies also help counter the sedentary lifestyles that are main contributors to the most damaging diseases in advanced economies.14 Policymakers should think about the full spectrum of benefits offered by each policy when assembling a package of policies to drive down emissions.

Social Equity

The main purpose of greenhouse gas emission reduction policies is to avert tremendous harms from climate change that otherwise would damage human society. Low-income people around the world are particularly affected, because they do not have the resources to easily adapt to climate shifts. These impacts on vulnerable people dwarf any regressive economic effects of the emission abatement policies themselves. Accordingly, even an emission abatement policy that has a regressive economic effect is, on the whole, probably beneficial to lower-income people and justified. Nonetheless, it is ideal to structure emission reduction policies to minimize the burden they impose on low-income residents, so costs can be borne more equitably by society.

Some policies, including many performance standards, do not impose net costs over the life of the assets they target: Fuel savings more than make up for the initial difference in capital cost between a more efficient and a less-efficient model. In these cases, it may be helpful to soften the initial capital outlays via a rebate program, zero-interest financing, or similar mechanism.

Other policies, such as carbon pricing, do impose net monetary costs. Even if the cost is imposed upstream, for example at a petroleum refinery or power plant, a large portion of the cost will be passed on to consumers. Low-income consumers spend a greater fraction of their income on energy services, such as transportation, heating, cooling, lighting, and cooking. Therefore, just like sales taxes and value-added taxes, carbon pricing tends to place a greater burden on lower-income people.

The very purpose of carbon pricing is to make the financial cost of fossil fuel use better reflect its true costs to society. Therefore, it is appropriate that all people, of all income levels, should pay for the full value of these harms. Instead of providing exceptions to carbon pricing or choosing a pricing that is too low to reflect the true costs of fossil fuel combustion, policymakers can use the revenues in a way that helps offset the negative impacts of carbon pricing on low-income people. This is discussed in more detail in Chapter 13 (“Carbon Pricing”).

Step 3. Put Together a Smart Portfolio of Policies

Although there are dozens of policies for policymakers to choose from, decades of experience designing and implementing policies in countries, regions, and cities around the globe has revealed that a small handful of well-chosen and well-designed policies can deliver deep decarbonization.

A pattern emerges in policy modeling: Different regions typically yield similar findings. There is of course variation in relative effectiveness of different policies based on a country’s economic structure and emission sources, but the same small group of policies (implemented stringently and designed well) consistently emerge as being capable of delivering huge reductions in greenhouse gas emissions cost-effectively. So which policies are they?

Using the EPS and regional greenhouse gas emissions published by Pacific Northwest National Laboratory and the Joint Global Change Research Institute at the University of Maryland, we evaluated the global potential for climate and energy policies to lower emissions between now and 2050 and give the world at least a 50/50 chance of staying under two degrees by the end of the century.

Our analysis confirms that a small set of strong climate policies can put us on a promising emission trajectory across each of the major energy sectors. Figure 3-3 shows the emission reductions achievable from each sector.

Figure 3-4 shows the relative contribution of each top policy to meeting the global greenhouse gas emission abatement necessary to meet the two-degree target. These top policies include renewable portfolio standards and feed-in tariffs; complementary power sector policies, such as utility business model reform; vehicle performance standards; vehicle feebates; electric vehicle promoting policies; urban mobility policies, such as parking restrictions and increased funding for alternative transit modes; building codes and appliance standards; industrial energy efficiency standards; industrial process emission policies; carbon pricing; and R&D policies. This analysis is discussed in depth in Appendix II.
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Figure 3-3. Sectoral contributions to meeting the 2°C global warming target. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

It’s worth noting that the policy reduction potential in this analysis is incremental to existing policy. In other words, the potential of specific policies to deliver emission reductions does not account for the effect of policies already enacted. Rather, it looks at the potential for strengthening existing policies, in addition to adding new policies where they do not already exist. For example, China, Europe, and the United States already have strong fuel economy standards in place through the 2020s. Although we estimate the impact of strengthening these standards, our analysis does not attribute future emission reductions from existing standards. Everything is incremental.

Where designed and implemented well, each of the policies in Figure 3-4 has a demonstrated track record of success, driving significant emission reductions. Consider, for example, the success of renewable portfolio standards in driving down power sector emissions in California (discussed in Chapter 4), the huge efficiency improvements achieved by Japan’s Top Runner program for passenger vehicles (discussed in Chapter 6), and the vast improvement in industrial energy use from China’s Top 10,000 Industries project (discussed in Chapter 11).
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Figure 3-4. Policy contributions to meeting the 2°C global warming target. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

These policies complement each other to minimize costs of carbon abatement as well. For example, energy savings from renewable portfolio standards, building codes, and vehicle standards reduce the total cost of carbon pricing.

Part II of this book focuses on each of these policies, with detailed information on when they are most suitable and how to design them well. Each chapter also includes a set of case studies exploring good and bad implementations, demonstrating why the design principles discussed in each section are so critical to the success of each policy.

Every region is unique in its emissions and energy composition, its political mechanisms, and its ability to implement policy. In some regions, one policy might make much more sense than another. Yet time and time again, the policies discussed in this book are demonstrated to be extremely effective.

Conclusion

Strong climate and energy policies reinforce one another and drive down the costs of emission abatement. Performance standards, economic signals, R&D policies, and supporting policies should all be part of a strong policy portfolio. Quantitative assessment of a country’s emission sources is a must, and further work can help identify the abatement potential, costs, and other impacts of policy options.

Policymakers should then prioritize their efforts on policies with the highest potential abatement and lowest costs. Policies with large potential abatement and long lead times that deliver economic savings should be prioritized first. Policymakers should round out a policy portfolio with additional sector-specific performance standards, strong economic signals (principally carbon pricing), and R&D and supporting policies that help lower the costs of abatement and provide additional compliance options. Other considerations, such as political feasibility, are important as well.

It is no longer a mystery which policies can most effectively reduce emissions. Decades of experience and new advances in modeling have revealed that a small set of policies, designed and implemented well, can deliver deep carbon reductions cost-effectively.

In Part II of this book, we will take a closer look at each of these policies, explore case studies where they have worked well and where they haven’t, and discuss the key design principles that differentiate successful from unsuccessful policies.





PART II

The Top Policies for Greenhouse Gas Abatement

In Part I, we examined the sources of greenhouse gas emissions and why focusing efforts on industrial processes and energy use in the top 20 countries is the best approach for achieving a low-carbon future. We also discussed the different policy types—performance standards, economic signals, support for R&D, and supporting policies—and how they reinforce each other. This led to another important point: There is no silver bullet policy for solving climate change. Rather, a broad portfolio of policies is most effective for driving down emissions. Finally, we outlined ways for policymakers to study the top policies available to them for reducing emissions and how to choose between those policies. But more broadly, we showed how decades of experience, across many countries and backed by new modeling capabilities, suggest that just a small handful of policies can deliver the deep decarbonization necessary to meet the goal of staying below two degrees of warming.

Part II explores these policies in depth. Each chapter includes information on how a policy works, when to use the policy, the policy design principles most applicable and how they can be implemented, and case studies of good and bad implementation of the policy. These chapters can be used to learn more about each of the policies, their potential contribution to global emission abatement, and how to design them from a high level. For more detailed information, policymakers should look to the organizations working on specific policies. Many of the following chapters reference the work of these organizations, which can be important resources. The following chapters provide good high-level information and outline the essential elements of the top policies for tackling climate change.





SECTION I

THE POWER SECTOR

The power sector is responsible for 25 percent of annual global greenhouse gas emissions today, with emissions of about 12 billion tons of CO2. Emissions are expected to grow to nearly 18.9 billion tons by 2050, comprising roughly 30 percent of annual greenhouse gas emissions in 2050. Without additional policies, the power sector will be responsible for 28 percent of cumulative emissions through 2050.1

The growth in emissions is caused largely by growing amounts of coal and natural gas used for power generation. For example, the U.S. Energy Information Administration projects that global electricity generation from coal will grow from 8.1 terawatt-hours in 2010 to 11.1 terawatt-hours in 2050, while global electricity generation from natural gas will grow from 4.6 terawatt-hours in 2010 to 11.1 terawatt-hours in 2050.2

Reducing emissions from the power sector involves using lower-or zero-carbon technologies to produce power and reduce the demand for electricity. The best policies for increasing the share of carbonfree power generation are renewable portfolio standards and feed-in tariffs, discussed in Chapter 4. Complementary power sector policies that encourage utilities to pursue cleaner options and to reduce the demand for electricity are also important and are covered in Chapter 5. Other policies that seek to reduce demand by improving the efficiency of energy-consuming products (e.g., appliances) are tackled in other sections within the appropriate sector.

The power sector has an important role to play in helping decarbonize the economy. Together, the policies discussed in this section can contribute at least 21 percent of the reductions needed to meet the two-degree target (Figure S-1).
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Figure S-1. Potential emission reductions from the electricity sector. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)





CHAPTER FOUR

Renewable Portfolio Standards and Feed-In Tariffs

The electricity sector is a key part of the global greenhouse gas emissions picture; roughly 30 percent of such emissions come from burning fuels to generate electricity and heat.1 Fortunately, the economics of this transition are rapidly improving, particularly through a transition to wind and solar. But this transition won’t happen by itself: Electricity providers, primarily electric utilities, have the knowledge and capital invested in a system run primarily on fossil fuels. A strong policy signal is needed to stimulate electric utility and private sector investment in renewable energy sources as alternatives.

The two most common and successful policies for promoting renewable energy in the power sector are feed-in tariffs and renewable portfolio standards. At least 10 percent of potential reductions to achieve a reasonable chance of keeping warming under two degrees can come from these policies alone (Figure 4-1). This chapter considers both feed-in tariffs and renewable portfolio standards because their roles in promoting renewable energy are similar; each policy creates a compensation mechanism for renewable energy generation and drives renewable energy growth, although a feed-in tariff is price based, while a renewable portfolio standard is target based.

Policy Description and Goal

The goal of a renewable portfolio standard or a feed-in tariff is to stimulate the market for renewable generation, which may in turn achieve a combination of public policy goals including reducing air pollution, economic stimulus, and decarbonization. Each policy drives renewable growth, and a well-designed renewable portfolio standard or feed-in tariff stimulates the intended amount of new generation without overpaying for new resources.
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Figure 4-1. Potential emission reductions from renewable portfolio standards. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

An important consideration for both renewable portfolio standards and feed-in tariffs is determining which resources qualify under the policy. The efficacy of either policy in driving down carbon reductions (typically a primary or secondary goal of the policy) depends to a large degree on which resources are included. Policymakers should carefully consider which technologies to include in the policy and ensure that the selected technologies will support the goals of the policy.

Other policies support the deployment of renewables as well, such as tax credits for investment in or production of renewable energy. Although these options may be valuable in certain regions, these policies are not covered in this chapter.

Feed-In Tariffs

Feed-in tariffs are price-based renewable energy procurement mechanisms, under which policymakers set and consumers pay a guaranteed price, often at a premium, for each unit of energy produced by qualifying renewable power plants. A feed-in tariff typically includes three provisions: guaranteed grid access, consistent long-term purchase agreements, and payment based on cost, value, or competitive bidding of renewable generation technologies.2 Feed-in tariffs are typically technology specific (e.g., wind may receive one price, and solar or biomass receives another). However, policymakers may choose, for a range of reasons, to use other mechanisms, including reverse auctions, competitive bidding, or avoided cost tests, to determine a single project-level price. These mechanisms and the rationale for their use are discussed in more detail in the “Policy Design Recommendations” part of this chapter.

Key design elements for feed-in tariffs include:


	Whether and how the tariff differentiates between different technologies, project sizes, locations, and other attributes;

	Which renewable technologies are eligible to receive the tariff;

	How the tariff accounts for changes in the value of money (i.e., inflation);

	In a restructured market where generators compete to provide electricity, whether the tariff is fixed or varies with the spot price for electricity;

	Duration of feed-in tariff payments;

	The amount of energy or power available for the tariff;

	Whether and how the tariff changes over time to reflect changes in the cost or value of technology; and

	Whether the procurement relies on an auction mechanism to set the tariff or whether the price is administratively determined.



Renewable Portfolio Standards

Renewable portfolio standards set procurement targets that typically require load-serving entities (LSEs), companies such as utilities that deliver electricity to customers,3 to procure a fixed portion of their generation from a defined set of eligible renewable sources by a certain date (e.g., “25 percent wind and solar by 2025”). The goals are typically binding on LSEs, creating penalties for noncompliance. However, some renewable portfolio standards are voluntary.

Compliance with renewable portfolio standards is generally tracked through a credit system. The LSE must hold credits that represent the renewable attributes of a unit of energy—a “renewable energy credit.” Renewable energy credits are conveyed to renewable generators based on the volume of electricity generated by a qualifying power plant (e.g., one megawatt-hour of wind might generate one renewable energy credit). A renewable portfolio standard can allow LSEs to obtain credits by purchasing them on an open market, by contracting with suppliers of renewable electricity to obtain legal ownership of the credits as they are produced, or by producing their own credits by owning and operating renewable power plants. Whether a renewable portfolio standard allows renewable energy credits to be sold separately from the electricity, called unbundled renewable energy credits, depends on the specific renewable portfolio standard language.

Renewable portfolio standards generally ascribe renewable energy credits equally to all qualifying renewable technologies. However, some renewable portfolio standards allow certain technologies, project sizes, or geographies to generate extra renewable energy credits or sometimes set aside a specific share of credits that must come from a single technology type (typically called a carve-out) in order to stimulate investment in specific technologies or regions. By using a tradable credit system, a renewable portfolio standard leverages market dynamics to reduce the price of compliance for LSEs.

Key design aspects to consider for a renewable portfolio standard include:


	What entity is required to meet the renewable portfolio standard;

	Which technologies, geographies, and vintages qualify for renewable energy credits;

	Whether there are carve-outs for specific technologies;

	Whether renewable energy credits can be banked and transferred across years;

	What target and timeline are realistic given the current state of the market;

	Whether renewable energy credits are bundled (directly linked) with generation or may be unbundled and traded without regard to the purchase of renewable generation itself;

	If LSEs are allowed to purchase renewable energy credits from other jurisdictions, how the renewable portfolio standard complies with any trading or commerce rules (e.g., interstate commerce in the United States), how renewable energy credit definitions can be coordinated across jurisdictional lines, and how to avoid double-counting renewable energy credits that are traded;

	Whether there are cost caps, called alternative compliance payment rates, and what value they should be set at;

	Whether there is a minimum plant size to generate renewable energy credits and what that size is;

	Whether the entity at the point of regulation has the option to pay a fee, called an alternative compliance payment, to satisfy its requirement, what that fee is, and the use of any fees collected; and

	Whether the renewable portfolio standard should be a set target in a specific year or, instead, a rate of improvement, thereby encouraging long-term, predictable progress.



Feed-in tariffs and renewable portfolio standards can be complementary and in some cases combined. For example, some U.S. states use a feed-in tariff to support small-scale renewable energy and a renewable portfolio standard to incent utility-scale buildouts to meet overall renewable energy goals.4 It does not make sense to use both a feed-in tariff and a renewable portfolio standard for the same technology at the same time, however.

When to Apply These Policies

When to apply a feed-in tariff or a renewable portfolio standard depends on at least three factors:


	The maturity of the domestic renewables industry

	Technological diversity and renewable resource supply

	Experience with market-based pricing in the electricity industry



Feed-In Tariffs

By driving new generation online through a set price guaranteed for a defined period, feed-in tariffs provide transparent, consistent revenue to renewable energy providers. This lowers risk to developers who may be uncertain whether they could generate sufficient revenue to cover the cost of the project over the lifetime of the investment.

The revenue certainty that feed-in tariff payments provide can be particularly valuable for nascent industries and technologies that require significant investment to move from commercial demonstration to market maturity. For example, Germany’s €150-per-megawatt-hour feed-in tariff for offshore wind in 20095 drove a rapid expansion of offshore wind production, which has helped drive prices down significantly. From 2009 to 2016, Germany’s offshore wind capacity grew from 40 megawatts to 4,130 megawatts,6 making Germany responsible for 29 percent of global capacity.7 In 2017, German offshore wind developers were able to put together a long-term contract without subsidy, reflecting the success of early policies in driving down prices for a new technology that ended up being competitive in the open market.8

However, when prices are set administratively, feed-in tariffs can do a poor job of hitting precise targets and controlling costs. In the German example described earlier, feed-in tariffs were in place for offshore wind since 20049 but produced virtually no investment in offshore wind facilities until 2009. On a broader scale, Germany has not managed to tightly control the amount of payments flowing to renewable energy sources. For example, in 2004 Germany set goals of 12.5 percent renewable generation by 2012 and 20 percent by 2020 alongside the set prices paid via feed-in tariffs to meet those goals (Figure 4-2).10 By the time the goals were amended in 2012, Germany had already generated 26.2 percent of its electricity from renewable sources, at significant cost to customers.11

As a result, Germany and other countries have implemented adjustments to their feed-in tariffs that take market development and falling costs into account.12 These adjustments included a “reverse auction” mechanism, which can be very effective when the desired quantity of renewables in the mix is known. In a reverse auction, policymakers open a market for a fixed quantity of renewable energy, and developers bid to provide those renewables at a competitive price. The lowest bid price wins, and the funds are then rewarded as projects produce power. This avoids setting prices administratively, so it can result in much better cost efficiency.
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Figure 4-2. Share of renewable energy in Germany, 2004–2012. (Analysis done using data with permission from the Fraunhofer Institute, “Energy Charts,” accessed December 12, 2017, https://www.energy-charts.de/power_inst.htm.)

In sum, although feed-in tariffs can be designed to support renewable investment in mature markets, they are a particularly valuable tool in nascent, less-developed renewable markets and where there is low experience with market-based pricing in the electricity industry. In these arenas, feed-in tariffs can drive investment and can help lower technology costs as increasing deployment results in economies of scale and learning by doing (where the process of building and installing new sites results in process improvements that lower costs).

Renewable Portfolio Standards

The strengths of renewable portfolio standards are twofold: policy certainty and market-based pricing. By setting standards and targets rather than prices, renewable portfolio standards create policy certainty that renewable energy goals for the power sector will be met.

Policy certainty for renewable portfolio standards depends on policy design, and it is significantly higher if three conditions are met. First, LSEs that are bound by the standard must have sufficient revenue to procure the renewable energy credits. Typically, renewable energy credits are financed by charges passed through to retail customers, which forms a consistent base of revenue. However, these charges can be fixed, based on estimated compliance costs, or they can be variable, based on actual renewable energy credit prices and the level of procurement. When renewable energy credit budgets are based on fixed charges, whether the renewable energy credits are purchased by the state (as in the case of New York) or by the LSE (as in most other regions), using a fixed charge can result in too small a budget to support the renewable portfolio standard target. When this happens, renewable energy credit purchasers will not have enough revenue to purchase the required quantity of renewable energy credits and will fail to achieve renewable portfolio standard targets.

Second, the renewable portfolio standard must have a strong enforcement signal to LSEs that fail to meet the standard. Usually this is applied through alternative compliance payments, better known as penalties, that the LSE must pay if it fails to meet renewable portfolio standard targets. These penalties must be high enough to discourage LSEs from missing renewable portfolio standard targets.

Third, the renewable portfolio standard must provide sustainable revenue to the developer, whether through long-term contracts for renewable energy or by procuring renewable energy credits over the lifetime of the renewable generator. Failure to satisfy these three conditions can result in a deficiency of renewable energy credits (i.e., not enough projects being built) that can undermine the success of the renewable portfolio standard program.

A signal benefit of a renewable portfolio standard is that it is price finding, which will control costs if the market is competitive. There are at least two kinds of market designs: a centralized spot market and auction-based renewable energy credit procurement. Spot markets create a central clearinghouse for renewable energy credits where buyers can buy renewable energy credits at least cost. Auctions publish quantities of renewable energy credits demanded by the LSE and solicit developers to compete on a one-time price to provide them, usually leading to a long-term contract. Spot markets are economically efficient in theory because renewable generators compete to provide renewable energy credits, allowing buyers to get the cheapest renewable energy credits rather than locking in prices in a contract. However, this benefit may be offset by the risk it creates for developers, which will require them to increase their bid prices.

Renewable energy credit prices can vary significantly from year to year depending on both the interaction between supply and demand and policy certainty. For example, renewable portfolio standard compliance often allows banking: Utilities may take advantage of attractive prices or available development today and use banked credits in future years, causing prices to fall. In other situations, land scarcity or lack of transmission may result in high prices. Some jurisdictions enforce renewable portfolio standards through alternative compliance payments for each megawatt-hour utilities fall short of the renewable portfolio standard. If these payments are lower than the actual cost, utilities may rationally choose to pay penalties to save their customers money. Figure 4-3 illustrates the variation in renewable energy credit prices in the northeastern United States.

Whether auctions or spot markets produce the lowest cost depends on the maturity of the renewable energy marketplace. For mature technologies that are cost-competitive with traditional power plants, renewable energy credit price fluctuations will be a modest barrier, whereas less mature technologies will probably provide energy most cost-effectively under long-term contracts.

Renewable energy credits are also generally technology neutral, which reduces compliance costs for consumers but may create barriers to entry for fledgling industries. Renewable portfolio standard auctions allow all renewable sources to compete as long as they qualify under the renewable portfolio standard. More mature, cheaper renewable technologies are therefore favored at the expense of high-potential, nascent technologies that need opportunities for deployment and higher revenue streams in order to realize significant cost declines. Not only will this crowd out potential new industries and foreclose potential supply chain or soft cost breakthroughs, it reduces the diversity of the renewable energy fleet—a crucial feature needed to reach high penetrations of renewable energy at a reasonable cost.13

One way to mitigate this impact is to use a carve-out, which specifies a fraction of the total renewable portfolio standard that must be achieved using a certain technology or set of technologies. For example, many renewable portfolio standards historically had carve-outs for solar photovoltaic (PV), which require a minimum fraction of the renewable portfolio standard to be met exclusively by this technology, and this helped drive the amazing price reductions in solar PV. Central station solar power plants would be a good candidate for this approach today.
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Figure 4-3. Renewable energy credit (REC) prices can vary substantially from year to year. (Graphic reproduced with permission from the Lawrence Berkeley National Laboratory.)

Another approach is to use a tiered renewable portfolio standard, where different resources are included in different tiers. For example, tier I resources might include strictly zero-emitting technologies such as wind and solar, and tier II resources might include a broader set of renewable technologies such as biomass and waste-to-energy, with fewer credits per unit of electricity generated.

Each policy has an important role in promoting renewable energy development. Feed-in tariffs are particularly valuable in nascent, less-developed renewable markets and when there is low experience with market-based pricing in the electricity industry. A renewable portfolio standard works best for promoting renewable technologies that are not fully mature but are established. Countries considering these policies may consider a two-step or hybrid process: Create feed-in tariffs for nascent technologies and transition to a renewable portfolio standard as technologies and markets mature.

What about Nuclear Power?

At the time of this writing, renewable energy is often more cost-effective than new nuclear power. In some regions, though, new nuclear power is a cost-effective source of zero-emission energy. Additionally, many regions have already built significant amounts of nuclear capacity. For example, the United States has roughly 112 gigawatts of nuclear capacity today, and China has roughly 48 gigawatts of capacity. Worldwide, there are 359 gigawatts of nuclear capacity today.14 Furthermore, the next generation of nuclear reactors may prove much more cost-competitive than today’s reactors, opening the possibility for a significant expansion of nuclear power.

Renewable portfolio standards can be modified to include all zero-carbon generation sources, including nuclear power. When a renewable portfolio is broadened to include more technology types, it is sometimes called a clean energy standard. Under a clean energy standard, policymakers set a goal for utilities to generate a certain amount of electricity from zero-carbon electricity technologies, including nuclear power plants and renewables. As with renewable portfolio standards, clean energy standards rely on a credit system, sometimes called zero-emission credits, akin to renewable energy credits.

In some regions with competitive electricity markets and low market prices, which can happen for several reasons, existing reactors have struggled to remain profitable and are facing closure. For example, as many as two-thirds of the nuclear power plants in the United States may be operating at a loss in today’s markets.15 Existing nuclear can be one of the most cost-competitive sources of emission-free electricity in certain regions, creating a sound policy basis for paying these plants for their zero-emission attribute to ensure they remain viable.

Facing early closure of nuclear stations and the potential loss of a significant share of carbon-free generation, some U.S. states have turned to implementing clean energy standards. To date, most clean energy standards in the United States have focused on providing compensation for existing nuclear facilities. In most instances, clean energy standards have implemented a zero-emission credit exclusively for nuclear power plants, in addition to renewable energy credits, to ensure adequate revenue to keep nuclear plants in the black and avoid undermining the incentive of renewable energy credits to help drive new technologies into the market.

As renewable technologies such as solar panels and wind turbines mature over the long run, policymakers might consider evolving renewable portfolio standards to clean energy standards that focus on clean energy generation from all sources. Such a policy could help push new technologies to market while ensuring that existing carbon-free technologies are compensated for this attribute.

Policy Design Recommendations

A number of policy design principles discussed in Part I apply to both feed-in tariffs and renewable portfolio standards.

Create Long-Term Certainty to Provide Businesses with a Fair Planning Horizon

Long-term certainty is a central element of both feed-in tariffs and renewable portfolio standards. Feed-in tariffs should guarantee compensation for renewable generators for a reasonable time period (at least 10 years and up to 30) that provides investors with certainty they will receive a reasonable return on investment. Guaranteed payback periods should align with the projected lifetime of the generation technology, although they can be front-loaded to provide certainty while reducing long-term risk for the off-taker. For example, wind and solar plants typically have lifetimes of 20 years, so power purchase agreements to comply with renewable portfolio standards should be structured as 10- to 20-year fixed prices for each unit of energy. Likewise, feed-in tariffs should provide a consistent payment for each technology. Each measure lowers the financing risk, reducing the cost of capital and risk of default or poor performance.

Renewable portfolio standards must have a long time horizon in order to give LSEs enough time to comply with the standard. Procuring renewable energy credits requires building new renewable generation plants, which can take a significant amount of time. LSEs and their partners must identify and permit sites, conduct interconnection studies, and negotiate contracts over the course of a few years before construction on the plant and associated transmission infrastructure even begins. Renewable portfolio standard goals should allow this development to occur on an ambitious but reasonable timescale. A clear long-term signal will also support negotiations with renewable energy providers who need confidence they will receive consistent revenue from the renewable energy credit transaction, whether it is bilateral or spot market based. Renewable portfolio standards therefore should set targets for at least a 10-year period, with 15 or 20 years being preferable, and interim goals for intervening years.

A key aspect of long-term consistency for both a feed-in tariff and a renewable portfolio standard is ensuring that revenue is available to pay for either. One approach is to use a fixed budget to fund these programs, as described earlier, wherein funding for renewable energy purchases is generated through a fixed tariff based on an ex ante assessment of compliance costs. The second approach is to first obtain the amount of renewable energy needed and then collect the necessary revenue from customers. Using a fixed budget is a less effective approach because the money allocated for renewable procurement must be flexible enough to accommodate rapidly changing market conditions. In the second approach, spreading the cost over a large group of customers, who will almost certainly continue buying power from the provider, provides revenue certainty and minimal financial disruption to consumers. It also neatly ties revenue collection to system use.

Use a Price-Finding Mechanism

If countries have a renewable energy target in mind and value cost-effectiveness over other attributes, they should consider adopting a renewable portfolio standard rather than a feed-in tariff. Feed-in tariffs generally use administratively set prices to compensate renewable energy generators and therefore are not ideal price-finding mechanisms. A feed-in tariff can be modified to do a better job of adjusting to changing costs, for example, by using a reverse auction to find prices for certain technologies and then using the auction price as the tariff price.

Renewable portfolio standards using open solicitations, particularly reverse auctions, are superior price-finding mechanisms, particularly in more mature markets. In meeting a renewable portfolio standard, LSEs can “find” the price of renewable energy credits in at least two ways: reverse auctions and spot markets. The more common reverse auction sets the quantity and defines the characteristics (e.g., development deadline, location, duration) of renewable generation desired and opens up a bidding auction through which prospective developers offer a price per unit of generation over the lifetime of the asset to the LSE. Once all bids are received, the LSE chooses the developers who meet the desired characteristics and bid the lowest prices, and it negotiates long-term contracts for the renewable energy credits and associated generation with the auction price as the basis. As long as there is robust participation in the auction, or entrants are not arbitrarily barred from participating, reverse auctions are powerful, effective price-finding mechanisms.

However, auctions are cost-effective only when there is adequate participation. LSEs are often the only buyer in a given country or region, so policymakers must take care to ensure that the LSE is operating auctions in a way that encourages competition. In all cases, LSEs must publicize the auction far ahead of time, including reaching out to prospective developers operating in the region well in advance of the auction, clearly defining the bid requirements, and sharing pro forma bids with customers to facilitate the bidding process. For LSEs that own and operate renewable generators, regulators must also decide whether the LSE should be allowed to participate in auctions against competitors and, if so, how to ensure fairness around the LSE’s final selection.

Spot markets for renewable energy credits find prices through the interaction between supply and demand over time. These markets require a high degree of market maturity because the value of the renewable energy credit will change over time, introducing risk for developers. Similarly, renewable power producers may bid higher renewable energy credit prices to account for this risk, which would increase renewable energy credit prices. Still, spot markets can be useful for driving down renewable portfolio standard compliance costs, particularly when they span multiple, coordinated regions, increasing supply-side competition. For example, an interstate renewable energy credit spot market would allow LSEs in one country to comply with a renewable portfolio standard by taking advantage of plentiful resources in another.16

Eliminate Unnecessary Soft Costs

There are at least three key aspects to reducing soft costs for renewable energy that support the success of renewable portfolio standards and feed-in tariffs: siting, transmission access, and transaction costs. Siting renewable energy, or finding a place to put it, can be a time-consuming regulatory process that adds risk and costs to development. Permitting and site contracting add significant costs and delays and may ultimately kill projects, particularly for large-scale renewable energy and the transmission to access world-class wind and solar resources. Transaction costs are higher when renewable developers face uncertainty over whether they can sell their kilowatt-hours to creditworthy counterparts over the project’s useful life. Chapter 5, “Complementary Power Sector Policies,” contains a section on investment-grade policy that expands on these strategies.

Reward Production, Not Investment, for Clean Energy Technologies

Both renewable portfolio standards and feed-in tariffs generally are structured to reward production, not investment in clean energy technologies. Feed-in tariffs are structured to compensate renewable generators based on each unit of electricity generated. Similarly, a renewable energy credit is created for each unit of electricity generated by a renewable power plant.

These policies can be contrasted with capacity targets on one hand and investment incentives on the other. Capacity targets mandate the construction of a given quantity of renewable power capacity. These targets create several problems, many of which have been evident in China (discussed later in this chapter). First, although they may stimulate rapid market development, they do not necessarily guarantee the renewable generator is connected to the grid or generating power at full technical potential. Second, unless projects are owned by public utilities, capacity targets may not provide the consistent revenue streams needed to reduce the cost of renewable investment.

Likewise, investment incentives on a capacity basis can be effective stimulants for clean energy investors. However, investment incentives may not guarantee or even incentivize system performance along the lines of developer projections. For example, although investors may receive an incentive to build a large wind farm, the off-taker (the company purchasing the electricity directly from the power plant) may still bear the risk of maintenance issues, undergeneration or overgeneration, and inaccurate wind forecasting.

Ensure Economic Incentives Are Liquid

Renewable portfolio standards and feed-in tariffs must balance incentive liquidity with the need to encourage consistent performance over the lifetime of the asset. Making economic incentives available for recovery too early may reduce developer motivation to perform for the full lifetime of the system, and drawing incentives out for too long may increase developer risk and system costs.

Feed-in tariffs are sometimes structured as tax credits rather than direct payments for each unit of electricity generated. For example, in the United States wind power receives a production tax credit of $23 per megawatt-hour of electricity generation. Often, the entities that earn the tax credits don’t have enough qualifying income to offset with the tax credits. Therefore, to take advantage of the credits they are forced to partner with tax equity investors, entities that have sufficient qualifying tax liabilities. These entities are generally investment banks and other large financial institutions.

There are several problems with this approach. First, the tax equity investor typically takes more than 50 percent of the value of the tax credits, so less than half of the government’s subsidy ends up being used to promote the subsidized activity. Second, because of problems in financial markets, tax equity investors may be unable to maintain the required level of taxable income over the period of the contract. Third, it is a barrier to small- and mid-scale renewable projects because tax equity investors are not interested in becoming involved in small projects.17 By using tax credits instead of grants, this program increases project costs and underutilizes taxpayer money. Tax credits and other financing instruments are discussed in more detail in Chapter 5.

Build In Continuous Improvement

Feed-in tariffs should improve over time by closely tracking the cost of installations and adjusting the administrative price accordingly. Policymakers should continue providing compensation but ramp down prices over time as confidence improves, price points become more apparent, and industries mature. Likewise, feed-in tariffs should expand to cover new technologies that are reaching commercialization but lack a market for deployment.

Continuous improvement for renewable portfolio standards can take two forms: First, renewable portfolio standard targets can be raised at regular intervals—although this should be done well before the expiration of the older targets, to keep the markets healthy. A more powerful method would be to set an annual increase in required renewable energy credits, such as 3 percent per year, rather than a plateau target. This would create a great investment signal and would make maximum use of political capital at the time the program is established.

Finally, it is important that a renewable portfolio standard not just require compliance at the end of the program year; instead, it should implement consistent interim goals to provide consistent signals to investors and avoid dropoffs if LSEs take an irregular, particularly back-loaded, procurement strategy. It may be advisable to create a banking-and-borrowing system to allow for the lumpiness of project development. Banking and borrowing allow overcompliance or undercompliance in any given year, as long as the total renewable energy credits match the total renewable energy credit requirement over a multiyear (e.g., 4-year) period.

Focus Standards on Outcomes, Not Technologies

This principle applies specifically to renewable portfolio standards. By placing the onus on LSEs to procure a portion of renewables regardless of type, renewable portfolio standards do a superior job of following a technology-finding path and reducing costs compared with feed-in tariffs. For example, California saw wind and biomass production outpace solar in the initial phase of its renewable portfolio standard from 2002 to 2012, but as solar costs have dropped dramatically, solar has overtaken wind and is now the most prevalent technology used to meet the renewable portfolio standard (Figure 4-4).

In specific instances, it may make sense to use carve-outs for specific technologies (which violates this principle), but over time as technologies mature and costs fall, carve-outs should be phased out.

Prevent Gaming via Simplicity and Avoiding Loopholes

For renewable energy credit markets to function properly and stimulate additional investment, there must be a clear tracking system for the renewable energy credits.18 In the United States, each renewable megawatt-hour receives a unique ID number for each renewable energy credit, based on electronic data supplied by transmission operators that can verify the generation. The tracking system then “retires” renewable energy credits when they are purchased, usually by an LSE complying with the renewable portfolio standard. These robust systems prevent double counting, and allow trading across borders if tracking systems are linked and renewable portfolio standard requirements are sufficiently similar, much like cross-border carbon markets.

Renewable energy credit markets should also have clear deliverability requirements. Policymakers must decide whether renewable energy credits must be deliverable to the grid in the policy region or whether unbundled renewable energy credits (when purchasing renewable energy credits is separate from purchasing electricity) from other regions qualify under the renewable portfolio standard. For example, the lowest-cost compliance option is usually to allow renewable energy credits from all regions qualified by policymakers to participate in a renewable portfolio standard. However, this will result in some projects being developed outside the policymaker’s region. Consequently, the renewable portfolio standard may have only limited economic or emission impact in the region in which it is established. Similarly, allowing renewable energy credits from multiple regions under a single region’s renewable portfolio standard requires that the participating regions have similar definitions of renewable resources. For example, Pennsylvania includes coalbed methane as a renewable energy source, but other states do not allow this resource to qualify under their renewable portfolio standards. Thus, if interregional renewable energy credits are allowed under a renewable portfolio standard program, policymakers must identify a way to align different renewable portfolio standard definitions.
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Figure 4-4. California’s renewable portfolio standard (RPS) allows the lowest-cost resources to meet the target as prices evolve. (“Electricity Data Browser,” U.S. Energy Information Administration, accessed December 12, 2017, https://www.eia.gov/electricity/data/browser/.)

Case Studies

United States (California)

The United States has no national renewable energy policy other than a feed-in tariff for wind generation that takes the form of a production tax credit of $23 per megawatt-hour and a capacity-based investment tax credit for other renewable generation technologies. Instead, the United States leaves most renewable energy policy to the states, which have significant control over their energy mix.

A total of 29 states have renewable portfolio standards that vary in structure and ambition, covering 55 percent of national generation.19 Some have carve-outs for certain types of resources, and others leave mature technologies such as large hydroelectric generation out of the standard. Most states have adopted net metering, under which small-scale solar generation receives credit on customer bills at the full retail rate of electricity. Together, these policies have created a diverse, dynamic investment environment where renewables have thrived.

California was an early adopter of the renewable portfolio standards in 2002 and has been a leader in renewable energy ever since; today California leads the United States in renewable energy capacity and generation and has the most solar generation by percentage, at 13.8 percent in 2016,20 due in large part to continuous improvement in the state’s policy. California currently has a renewable portfolio standard of 50 percent renewable generation by 2030, excluding large hydroelectric power and small-scale customer-owned generation, which receives a feed-in tariff through net metering. California’s LSEs have consistently outpaced their renewable portfolio standard requirements, taking advantage of an attractive investment environment and raising certainty of compliance. This high performance gave California legislators confidence to raise the initial renewable portfolio standard of 20 percent by 2017 (enacted 2002) to 20 percent by 2010 (enacted 2006), 33 percent by 2020 (enacted 2011), and finally 50 percent by 2030 (enacted 2015).

The California renewable portfolio standard uses a technology- and price-finding reverse auction system whereby LSEs issue requests for generator bids, and qualifying generators respond with bids for long-term contracts for both renewable energy credits and the underlying generation (“bundled” renewable energy credits) that allow LSEs to meet their generation mandates. This has kept compliance costs low; for example, from 2012 to 2014, California’s renewable portfolio standard compliance yielded cost savings.21 However, California’s compliance options are limited by geographic constraints. Policies to generate at least 70 percent of the renewable energy credits in state22 help promote economic and industry development, but they do limit the options for out-of-state, possibly more economical resources to compete and may increase compliance costs.

Additionally, California’s renewable portfolio standard is technology finding, resulting in a rapid procurement of solar, because there are few other competitive options to choose from in-state. But renewable portfolio standard compliance costs have risen, even as the share of solar has grown with simultaneous cost declines. This is also creating problems for the grid: A glut of daytime solar generation on low-demand days has led to curtailment of solar. New complementary policies to diversify the resource mix, particularly greater access to out-of-state renewable resources such as wind, geothermal, and hydro, can help lower the costs of meeting the 50 percent renewable portfolio standard.

China

China is an international leader in both coal-fired and renewable energy. China has the most renewable energy capacity of any country, including 148 gigawatts of wind, 77 gigawatts of solar, and 332 gigawatts of conventional hydroelectric as of 2016.23 China is aiming to continue this development, with a goal of surpassing 210 gigawatts of wind and 110 gigawatts of solar by 2020.

China has three complementary renewable energy policies: a feed-in tariff, renewable generation goals, and renewable capacity targets. China’s feed-in tariff is a conventional design; since 2003 renewable technologies have received compensation per kilowatt-hour generated, at rates particular to each technology. To ensure the feed-in tariff is following the cost closely, Chinese state-owned grid companies issue auctions for certain technologies to find the price, and this new auction result sets a new all-in price for renewable energy from that technology. In addition, the feed-in tariff varies for different regions based on resource availability. In wind-rich regions, for example, the feed-in tariff is lower and increases where wind is scarcer.

However, despite consistent compensation for generation, curtailment of available wind and solar generation has been a persistent problem in China, because the capacity targets reward investment, not performance. For example, in 2016, 21 percent of wind power was wasted.24 Although developers have every incentive to perform under the feed-in tariff structure, the grid managers, LSEs, and local governments have little incentive to accept the energy and pay the generators, as the overriding concern for government officials and state-owned enterprises has been meeting the capacity targets from the 13th Five-Year Plan. As a result of rewarding capacity and not generation, China’s investment in new renewable energy facilities has equaled or outpaced the rest of the world since 2010, but many generators are unconnected to the grid or are routinely curtailed in favor of thermal generation, often coal.

China’s system falls short of several other design principles; by relying on capacity targets and a technology-specific feed-in tariff, it fails to be technology and price finding. Recently, the Chinese government signaled that it may begin adjusting feed-in tariffs more often, improving the price-finding quality of its renewable energy policy. In addition, recognizing the curtailment issue, China has begun to experiment with a renewable portfolio standard–driven renewable energy credit trading system to allow interregional renewable trading and reduce reliance on technology-specific feed-in tariffs and capacity targets.25

Still, China has seen important successes, particularly in reducing soft costs and applying continuous improvement. The proactive development of east–west transmission helps reduce soft costs by providing access to wind-rich generation and transmitting it directly to load centers where it can be consumed. Furthermore, Chinese developers get access to low-interest loans from state-owned development banks, reducing the cost of capital for new projects. Continuous improvement of the capacity targets has likewise resulted in consistent progress and renewable investment that laid the foundation for tremendous success. In driving a staggering share of global demand, China has also become the dominant solar PV manufacturer, with 70 percent of global production capacity in 2012.26

Germany

Germany has some of the most ambitious renewable energy targets in the world, at 40–45 percent by 2025 and 55–60 percent by 2035. So far, Germany’s feed-in tariff has been the principal driver for its rapid adoption of renewable energy since it began setting renewable energy goals in 2000. The feed-in tariff is set for a 20-year term, it varies by technology, and the tariff level is set at regular intervals.

Until recently, Germany has not had a price-finding feed-in tariff, and as a result the cost impacts of its rapid adoption of renewable generation have been high. Today, the renewable surcharge on customer bills averages just under 25 percent of the total electricity rate, although many industrial customers are exempt from this surcharge to remain globally competitive. To mitigate these costs and shift some risk onto maturing renewable generation industries, Germany moved from a pure feed-in tariff to a feed-in premium, which lowers the amount of compensation but allows generators to also collect revenue from wholesale energy markets. As a result, renewable generators whose costs are covered largely by the feed-in premium can compete in wholesale energy markets, driving down the price of electricity for consumers.

To become more price-finding, Germany changed its feed-in tariff to adjust downward based on renewable energy auction results, conducted annually.27 Additionally, feed-in tariffs are front-loaded, with higher compensation for the first 5–10 years, depending on technology, and reduced each year thereafter. In these ways, Germany hopes to reduce the cost of its renewable transition while stimulating investment sufficient to meet its decarbonization goals.

Conclusion

It is clear from experience that both feed-in tariffs and renewable portfolio standards can be effective, low-cost options for accelerating the renewable electricity transition. A country with immature renewable energy markets may benefit more from a feed-in tariff, which minimizes developer risks and stimulates growth of all renewable technologies. A renewable portfolio standard may be more appropriate as the market matures, allowing the lowest-cost technology to meet a country’s renewable energy goals. Each policy can be tweaked to compensate for its perceived weaknesses; in many cases, the two policies can even be used successfully together.

Decarbonizing the electricity sector is a fundamental step toward deep economy-wide decarbonization. As the carbon intensity of the electricity sector decreases, the electrification of other sectors, particularly building heating and transportation, becomes an increasingly effective decarbonization strategy. Both policies can get countries far along the path to decarbonizing the electricity sector; whether that is cost-effective depends as much on the policy designs contained in this chapter as on a country’s ability to adapt its renewable energy policies to changing market conditions.





CHAPTER FIVE

Complementary Power Sector Policies

Electricity systems in many nations are facing a radical makeover that will drastically reduce greenhouse gas emissions, increase system flexibility, incorporate new technologies, and shake up existing utility business models. But international power systems are remarkably diverse, and there will be no one-size-fits-all solution for this transformation. Conversations about the best ways to lower costs, keep the lights on, and deliver a cleaner power system are often plagued by arguments over whether utilities or markets are king or whether legislators or regulators should drive system evolution. There is no “right” answer to these questions: Electricity policy is heterogeneous and will remain so.

Dramatic drops in the cost of clean energy have made it possible to deliver a very low-carbon electricity system at roughly the same cost and reliability as a dirty one.1 But zeroing out carbon emissions from the electricity system is not as simple as setting a renewable portfolio standard at 100 percent. Even under the best possible policy design for renewable portfolio standards or feed-in tariffs, a more holistic approach is needed to ensure the transition is affordable, increases prosperity, maintains reliability, and expands service to unserved customers.

These complementary power sector policies have a large role to play in decarbonizing the economy and can contribute at least 11 percent of the reductions necessary to have a 50/50 shot at staying under 2°C of warming (Figure 5-1).

Policy Description and Goal

A more holistic plan will require energy policies beyond feed-in tariffs and renewable portfolio standards. Other changes to the power sector can accelerate renewable portfolio standards and feed-in tariffs and enable further emission reductions. The most important among these are policies promoting grid flexibility, performance-based regulation, well-functioning competitive power markets, policies facilitating orderly retirements of existing power plants, and investmentgrade policy design that de-risks renewable energy projects.

These policies together can help accelerate the power sector transformation and deliver at least 11 percent of the reductions needed to meet the two-degree target.

The goal of the policies described in this chapter is to support the institutional and physical system needed for clean electricity to thrive at low cost and high reliability. To achieve this goal, policymakers can focus on five areas of activity: supporting the many sources of flexibility on the grid, using performance-based regulation to align utility financial incentives with a clean system, designing and operating competitive power markets well, providing for orderly retirements of outdated power plants, and de-risking renewable energy development with investmentgrade policy.
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Figure 5-1. Potential emission reductions from complementary electricity sector policies. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Grid Flexibility

A decarbonized power system will necessarily eliminate coal (at least without carbon capture and sequestration, which today remains quite expensive) and greatly reduce natural gas generation. Nuclear may remain a part of the decarbonized generation mix, but today’s costs are quite high compared with those of other zero-carbon power plants. Solar and wind power are cheap options today, but their production varies with the availability of sunlight and wind, so they require a more flexible power system to realize their value as power system decarbonizers.

The electric grid has always been somewhat flexible in order to meet variable electricity demand in every instant. Fortunately, many options are already available to draw flexibility out of the power system. Grid flexibility can come from physical assets, such as batteries and fast-ramping natural gas plants, or it can come from improved operations, such as using advanced information technology to better co-optimize power supply and power demand.
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Figure 5-2. Illustrative costs of grid flexibility options. (Graphic reproduced from publicly available U.S. government data, adapted from Paul Denholm et al., “The Role of Energy Storage with Renewable Electricity Generation,” National Renewable Energy Laboratory, 2010, https://www.nrel.gov/docs/fy10osti/47187.pdf.)

Figure 5-2 shows options for grid flexibility in rough order of today’s costs. The cheapest option is to improve grid operations to draw out latent flexibility in the existing system. This includes shortening the amount of time between each grid rebalancing and dispatch, incorporating better real-time weather forecasting into grid operations, and expanding the geographic area over which grid operators keep the system in balance if there is already transmission capacity available (to take advantage of a more diverse portfolio of resources).

Demand response is the next cheapest option. This refers to a suite of approaches to differentiate, categorize, and aggregate electricity demand in order to shift it away from times when supply is scarce to times when supply is in surplus. For example, switches and radios can turn every building into a thermal battery; by precooling or preheating buildings and water supplies, thermostats and water heaters become amazing sources of grid flexibility while delivering the same comfort and service to building occupants.2

After demand response comes grid infrastructure. Improved transmission and distribution infrastructure can also increase grid flexibility. Increased transmission capacity allows electricity to be transported more readily within a balancing area, meaning that more of an area’s resources can be used to help balance supply and demand. Similarly, increased transmission capacity connecting balancing areas means that operators in different regions can buy and sell electricity from each other. This allows operators to draw on the resources of multiple regions to balance out variability and similarly allows operators to import electricity when local prices are high or export electricity when there is a surplus and prices are low.

Distribution system infrastructure also helps balance out supply and demand, similar to investments on the transmission system. For example, updating infrastructure to enable a two-way flow of electricity (rather than the traditional one-way flow from big power plants to customers) creates an opportunity for distributed energy such as rooftop solar or batteries located in buildings to serve more than just on-site energy needs.

Next, in terms of cost-effectiveness, is fast-ramping generation. Combined-cycle natural gas plants can provide this service, as can some hydroelectric generators, if environmental constraints are met and plants are properly compensated. And finally, storage can tackle grid flexibility needs. The cost of battery storage decreased more than 80 percent from 2011 to 20173 and has even begun to win out on costs in certain all-source (cross-technology) bids for flexible resources.4

More sources of flexibility will probably emerge as the global power system transitions. Policymakers should look for creative opportunities to improve grid operations, draw out demand response,5 build necessary transmission and undertake important distribution system upgrades,6 support power plants to operate flexibly when they can, and facilitate deployment of energy storage.

Performance-Based Regulation

Some aspects of electricity delivery are natural monopolies. For example, it does not make sense to build multiple sets of wires to every building. So unless the government directly owns utility infrastructure in a region, regulation of private monopoly utilities will always be a part of electricity policy. In many parts of the world, private monopoly utilities have traditionally been regulated under a “cost of service” model, which allows utilities to earn a rate of return on all capital investments and to pass through most operational expenses to customers. This structure works well when the goal is power system expansion, but it creates a bias for utility-owned, capital-intensive infrastructure.7

To tackle these biases and align utility financial incentives in pursuit of important societal outcomes, several regions have adopted performance-based regulation, and this regulatory structure is providing new opportunities for innovation in the utility sector. Performance-based regulation shifts some of the utility’s profit incentives toward achievement of top goals.8 For example, regulators could offer utilities cash or extra basis points on the rate of return if they meet quantitative targets for things such as CO2 per capita, and similarly, regulators could assess penalties for failure to reach important targets. Regulators can use this kind of mechanism to shift an appropriate amount of risk onto the utility for meeting important societal goals, enabling them to use their role as market makers to drive outcomes in the public interest.

Performance-based regulation can (and should) be designed with customer affordability in mind. For example, regulators can limit a utility’s revenue— called a revenue cap—in order to encourage them to behave more efficiently and keep costs low. Over time, the cap can be adjusted to account for changes in the productivity of the utility.9 This structure contains costs and makes utilities most profitable when they serve as a platform for customers to access clean energy and demand management services. As former U.S. utility regulators Ron Binz and Ron Lehr say, performance-based regulation shifts the central question from “Did I pay the right amount for what I got?” to “Am I paying for what I want?”10

A well-developed area of performance ripe for measuring and compensating utilities is energy efficiency. Efficiency investments counteract traditional utility regulation because efficiency reduces sales and can avoid the need to expand capital investment by reducing wear and system peak. Because distribution utilities also handle retail sales in most places, they generally have sufficient data to identify customers who could benefit from efficiency investments based on their usage, but they would prefer not to encourage behavior changes or customer investments that reduce their profits. In the United States, it is becoming common to remedy this conflict by providing financial incentives to utilities for achieving greater efficiency via direct investment, customer education, and connecting efficiency vendors to customers. Twenty-seven U.S. state-level programs have resulted in increased spending on efficiency and cost-effective emission reductions.11

A financial structure that pays utilities for outcomes can set the table for innovation in a historically staid industry. Well-designed performance-based regulation aligns utility decision making to accomplish a clearly defined goal, opening up opportunities to innovate and integrate new technologies.

Well-Functioning Competitive Power Markets

Competition has moved—at varying paces in different parts of the world— into electricity generation, transmission, and demand. Many countries have introduced competitive generation, with market regulators setting rules for wholesale clearinghouses in which generators compete. Some areas have also introduced competitive transmission, wherein independent transmission companies may compete to build and operate transmission lines, taking bids and negotiating contracts to move electricity. Some have adopted retail choice, where residential and small business customers can choose their own power supplier.

As a rule, a system optimizer—often known as a regional transmission organization—is needed to facilitate competition in a region. Regional transmission organizations direct traffic on the high-voltage transmission system by dispatching power plants in a fair, reliable, and economically efficient manner. They do so by providing a neutral platform for wholesale transactions, facilitating competition between generators, transmission, and other resource providers, protecting against market power, and prioritizing the dispatch of least-cost resources.12

Well-managed competitive markets have the potential to lower prices, drive innovation, serve customers well, and reduce emissions. But it is tricky to design markets that cover all the near- and long-term system needs, so regulators need to act with care and sophistication to ensure markets are set up well to meet clean energy goals while balancing economic efficiency with reliability.13 It also may be beyond the power of electricity market operators to price some externalities, particularly environmental ones. This raises the importance of promoting a technology-neutral market while using other mechanisms, such as a carbon tax or cap (discussed in Chapter 13), to value greenhouse gas mitigation.

The interface between transmission and distribution grids demands special care, if resources at the distribution scale are to provide their full value to the integrated grid. This can provide a great opportunity for low-cost, clean grid services, but capturing that opportunity presents two challenges. The first involves creating rules for these distributed resources to participate in large-scale competitive markets. The second involves operational coordination between the bulk system and distribution system, which do not currently communicate with one another on a technical and operational level.

To adapt to the changing resource mix, competitive power markets must update their rules and product definitions to expose the value of grid flexibility latent in today’s power system.14 In particular, the service of shifting supply and demand from periods of excess to shortage periods will be particularly valuable.15 This includes flexibility on fast timescales to deal with short-term variations in wind and solar production as well as longer-term, more predictable fluctuations caused by sunset or seasonal wind patterns. Regulators can also begin to think about the long-term changes that will be required if the power system is to operate cost-effectively with a high share of low- or zero-marginal-cost resources.16

Orderly Retirements

As power system infrastructure turns over to become cleaner and more resilient, regulators must create a supportive environment for orderly and timely retirements of polluting power plants. In vertically integrated regions, the choices utilities and their regulators make about these retirements can have important implications for customer affordability. Analysis by the Climate Policy Initiative in the United States finds about half of the nation’s coal plants are uneconomic on a marginal cost basis compared with the all-in capital and operational costs of a new wind facility in a nearby region.17 But investment inertia is keeping many of these plants operating nevertheless. In regions where generation is owned by regulated utilities, allowing utilities to sell the remaining undepreciated balance of an old, uneconomical power plant to a bond-holder can enable the utility to recycle that capital into more productive, cleaner alternatives at a savings to customers.18

In regions with competitive generation, policymakers can support reasonable retirements by holding firm on market rules and products that maintain a level playing field, avoiding changes requested by owners of power plants that can no longer compete.19 A well-functioning competitive power market will send the appropriate price signals to keep the system in equilibrium as old plants retire.20

Investment-Grade Policy: De-Risking Renewable Energy Projects

Renewable energy technologies have high initial costs but then cost very little to operate, because they do not require fuel. One consequence of this capital-intensive nature is that renewable energy is very sensitive to the cost of capital, that is, the interest rates or return rates demanded by those who lend or pay for renewable energy technology up front. For example, high interest rates can significantly increase the overall cost of a wind farm (Figure 5-3).21,22

Return requirements and interest rates, in turn, are driven by risk. Investors properly demand higher returns when they face higher risks. So, if smart public policy can drive down risk, it can drive down cost. And the difference can be dramatic, cutting overall costs by close to 50 percent in some cases.
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Figure 5-3. Lower financing costs can reduce the costs to build new energy technologies. (Graphic reproduced with permission of BVG Associates. Giles Hundleby, “LCOE and WACC [Weighted Average Cost of Capital],” BVG Associates [blog], 2016, https://bvgassociates.com/lcoe-weighted-average-cost-capital-wacc/.)

Risk comes in many flavors: Technology can fail, it can be difficult to site a wind farm, construction may be delayed because of permit problems, and the sale price of electricity might be unknown. Most of these risks can be mitigated by smart public policy, without compromising key public values. And where that is done, clean energy becomes cheaper.

The first of these risks, technology risk, is substantially reduced for solar PV and onshore wind, which are now reliable and inexpensive, and underwritten by a wide range of equity investors and project finance lenders. Other technologies are still approaching this status in many markets, including concentrated thermal solar and offshore wind. Chapter 14 (“Research and Development Policies”), Chapter 3 (“How to Prioritize Policies for Emission Reduction”), and Chapter 4 (“Renewable Portfolio Standards and Feed-In Tariffs”) cover approaches to mitigate technology risk for options that are not yet competitive. This section focuses on clean energy technologies with low technology risk, which can nevertheless suffer from development and market uncertainty in the form of project development risk and price certainty risk.

Project Development Risk

Development risk comes in three principal forms: siting, permitting, and transmission access. Siting risk has many dimensions, such as landownership, usage terms and rights, access to roads and transmission, and environmental or cultural conflicts. Each conflict raises uncertainty—sometimes a decade’s worth—that can kill a project. If a developer has to spend 2 years trying to get siting questions answered, that means 2 years with no returns, 2 years of climbing expenses, 2 years of expiring tax breaks, and so forth. Good policy can drastically cut this uncertainty by pre-zoning land and engaging stakeholders early, while setting clear requirements and timeframes for permits.

Once a site has been selected and approved, dozens of other permitting requirements arise, including access to land, construction standards, fill issues, inspections, noise, traffic, visibility, dust, worker protection, and so forth. And these permits are usually required by many different federal, state, county, and city offices. The upshot can be a paper blizzard that adds years to a project. A jurisdiction with a goal of deploying clean energy can clear out this sort of costly clutter by thinking ahead, setting clear standards, and then offering rapid permits for projects that meet those standards. This is not a simple process, but it can have profound risk-reducing effects.

Large-scale solar and wind projects also need ready access to transmission lines to get their power to market. For sites without ready access, the aforementioned siting and permitting issues apply doubly to additional transmission projects. Building transmission lines that link the best, low-conflict renewable resource areas with high-demand cities makes renewable penetration faster and cheaper. Texas illustrated this beautifully when it established Competitive Renewable Energy Zones (described in a case study later on in this chapter), which was a planned strategy to build a suite of transmission lines connecting the windiest areas of Texas with load centers.

But even where access is available, it can be inhibited by overly complex interconnection standards, which in some jurisdictions seem designed to keep competitors out. The way around this is to have clear, straightforward interconnections and procedures, with reasonable time limits, for handling permits, and to apply nondiscriminatory standards. Some helpful design points for the interconnection process include reasonable but conservative screening to ensure an interconnection queue isn’t crowded with projects that will not be built, a queue that prioritizes contracted projects over uncontracted projects for the same reason, a study process that allocates costs fairly among all projects in a given cluster, and a principle that upgrades cannot be added outside the official process and can be added only at specified times within the process.

Price Certainty Risk

The next major realm of uncertainty in developing a big renewable energy project is the price of the electricity generated. A long-term, highly certain price from a reliable purchaser makes it far easier to both invest capital at lower discount rates and raise competitive project financing. More generally, long-term power contracts also allow nonrecourse financing, which allows developers that don’t have a large balance sheet to compete with those that do.

Utility-scale energy supplies have different sales conditions depending on the regulatory system in which they operate, and there is quite a range. Traditional vertically integrated monopolies—which own the power plants and transmission and distribution systems and sell directly to customers—can build their own power plants, or the utility may be the market maker, signing power purchase agreements with independent power producers. At the other end of the extreme lie competitive power markets where electricity is sold in 5-minute increments, with the help of a day-ahead auction. Both of these market structures are possible simultaneously because deregulated retail utilities sign contracts with different vendors to hedge and reduce risk. In California, projects can have long-term contracts but participate in the day-ahead or realtime market with a portion of the power plant output that is not contracted.

Clearly, a certain long-term price is more likely with a power contract than with a daily auction, but even in competitive power markets, bilateral contracting can lock up prices for a long while.

The ingredients for smart pricing are:


	For a vertically integrated monopoly building its own power plants, the regulator should allow a 10- to 20-year cost recovery schedule—but should certainly benchmark the price against those offered in competitive markets, so consumers do not overpay.

	For jurisdictions with the utility or the regulator as a market maker, offering solicitations to independent companies to build a new power plant, the regulator should offer 10- to 15-year contracts to bidders.

	For day-ahead and real-time competitive energy markets, the system should be structured to encourage a healthy volume of long-term bilateral contracts between energy marketers and energy suppliers.



In all cases, public incentives for clean energy should align with the time-scales needed for smart development (i.e., at least 10 years). Designing incentives over a long time horizon also helps avoid uncertainty about whether subsidies will be renewed, which can happen with subsidies that span only a few years at a time.

When to Apply These Policies

Regions around the world are undoubtedly in different stages of the move to clean electricity.23 Context is very important for these policies. What does the current electricity mix look like? What power generation resources are available in the region, and how do their costs compare? The answer to these first questions can help sort which options for grid flexibility may be appropriate for the region.24 Are regulated utilities, the government, or competitive providers the primary providers of electricity? The answer to this question can enable policymakers to dig deeper into performance-based regulation or well-functioning competitive power markets. Are all customers receiving adequate electricity service, or does the system need to expand to provide access to electricity for everyone? And is overall demand for electricity growing, staying steady, or falling? The answers to these last questions have a serious impact on which of these policies to prioritize and how, so this question is covered in more detail in the following sections.

Economies with Flat or Declining Electricity Demand

Flat or even declining electricity demand is increasingly common in developed countries. This is due in large part to major progress on energy efficiency policies (covered in other chapters) and improving technologies, such as light-emitting diodes (LEDs), which have resulted in a decoupling of economic growth from growth in energy demand. In regions with flat or declining electricity demand, all four mechanisms described earlier are important (support for grid flexibility, performance-based regulation, well-functioning competitive power markets, and orderly retirements), but orderly retirements may be especially important.

Electricity systems that historically relied on coal, oil, or natural gas will need to see retirements in order to make room for zero-carbon power. This fact creates losers among power generators, which may have unpaid capital balances left on their investments. Because of the dominant role of fossil-fueled power in the past, early retirement of these plants is likely to require new approaches to running the grid, and the changes will prompt calls for support for fossil-based resources. Policymakers should objectively assess whether adequate clean replacement generation, coupled with cost-effective efficiency, storage, and demand response, is available to keep the lights on as old power plants retire.25 If so, power sector regulators should continue guiding smart retirements and replacements while finding ways to support workers as they transition from old industries.

Economies with Growing Electricity Demand

Regions may see electricity demand growth for several reasons: Perhaps the overall population is growing, energy-intensive industries are growing, more people are emerging from poverty and able to afford electricity, or perhaps electric vehicles are experiencing substantial growth. Whatever the source, regions with consistent electricity demand growth should look seriously at strong renewable portfolio standards or feed-in tariffs, as well as all four mechanisms described in this chapter.

Growing demand can signal macroeconomic trends, but it can also signal opportunities to improve energy efficiency and warrant higher standards for buildings and industry. Efficiency investments are usually the most cost-effective zero-carbon resource to meet growing demand,26 and economies with growing electricity demand should closely examine performance standards such as energy efficiency resource portfolios and efficiency incentives for their utilities.

Of course, orderly retirements will be less of a focus in a high-growth environment, but it is nevertheless a sign of a healthy power sector when clean generation sources begin to replace older, polluting power plants at the same or lower cost for customers. Orderly retirements may still be proper when existing resources are dirtier and more expensive to run than new clean energy replacements, as long as sufficient financing is available to both meet growing demand and replace old generators.

Economies without Universal Access

Deploying and maintaining electricity infrastructure is a major challenge for developing economies that have not yet achieved universal electricity access for their citizens. Expanding access by connecting customers to the existing grid often requires building massive distribution and transmission infrastructure projects, necessitating large amounts of capital that may not be readily available. High upfront costs coupled with potentially low returns from customers who may have trouble paying their bills consistently can undermine the ability to attract capital for infrastructure buildout, often necessitating some level of state support. Even where grid connections have been established, reliability of service can be low, undermining the perceived value of grid expansion in a vicious cycle.

Many off-grid households rely on smaller, distributed fuel-based methods of generating power or heat, such as diesel generators or burning coal, oil, or animal dung to cook, light, or heat buildings, but those are heavy polluters, harming community health. Fortunately, technological developments have enabled new options for clean electricity, many of which can actually save customers money relative to fuel-based alternatives.

With technology costs declining, novel options for energy access are emerging, ranging from super-efficient solar home systems to community microgrids. Off-grid or community-based shared solar and battery arrangements provide access to electricity at a lower cost and can be deployed more nimbly than grid infrastructure extension in many cases. The Sierra Club estimates that rural access to energy via solar-powered minigrids will cost about $250 per customer, whereas grid extension costs about $1,000–$2,500 per customer, depending on the distance from the existing grid.27

In the context of providing electricity access, policies should focus on mobilizing capital and building institutions to enable access rather than refining large institutions through the changes to utility regulation and wholesale market rules described earlier. Some of the Sierra Club’s principles to expand access to clean electricity in off-grid systems are particularly salient:


	Support deployment and development of highly efficient appliances and agricultural equipment.

	Focus on providing small investments that provide basic access, then build financing support as markets mature and incomes increase to pay for more services.

	Reduce costs of access by eliminating private investment risk through loan guarantees or rural feed-in tariff subsidies that guarantee cost recovery.

	Define utility regulations in the off-grid and minigrid space.28



Detailed Design Recommendations

Policy Design Principles

Several policy design principles apply to policies that facilitate a low-cost transition to renewable energy in the electricity sector.

Create a Long-Term Goal and Provide Business Certainty

Performance-based regulation works best when performance targets are stable and extend well into the future. Investor-owned utilities are viewed as low-risk enterprises that are able to pass on the benefits of low-cost capital to their customers (low risk is ultimately reflected in lower electricity prices). Under cost-of-service regulation, most of the risk to utility investors is due to regulatory uncertainty—regulators who have approved capital investments at one time may change, increasing the chance that the utility will not be allowed to collect the full cost of its investment in the future. Subjecting a portion of utility returns to performance-based regulation introduces additional risk when there is a lack of certainty as to whether the utility can meet regulation targets. However, performance-based incentives should have an upside as well, creating opportunities to increase returns and offset higher risks.29

Any change to the utility compensation model creates some uncertainty, but this can be mitigated through smart policy design. The first principle should be to set performance goals over a long enough time horizon, at least 5 but up to 8 years. Longer timelines provide the business certainty needed for innovation, but targets set too far into the future can be overwhelmed by uncertainty about exogenous trends or events. Whatever timeline regulators choose at the beginning of a program, they should not materially alter the goals until the chosen performance period is over, in order to support a stable business environment and avoid the perception of greater regulatory risk that unnecessarily raises utilities’ cost of capital. In the context of revenue cap regulation, utilities and their investors need confidence that regulators will stick to a revenue cap even if utility profits increase, maintaining the efficiency incentive.

Long-term policy certainty is also crucial for de-risking renewable energy development. One example of the need for policy certainty is the U.S. production tax credit (PTC) for renewable energy. Although the PTC was fixed for 10 years, the U.S. Congress allowed it to lapse five times and delayed extension to the final days of the year in other years, causing turmoil and uncertainty in the wind industry, even driving some producers out of the market. Without certainty that the PTC would be extended, the wind industry built incredibly fast in the on years and ceased construction in the off years.30 This boom-bust cycle of investment is hard for companies to maintain and leads to inefficient outcomes (Figure 5-4).

One could be forgiven for thinking that these policies—on-again, off-again credits with limited liquidity—were designed to vex the very industry they were supposed to help.
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Figure 5-4. Policy uncertainty creates wind energy boom-and-bust cycles. (From Ryan Wiser and Mark Bolinger, “2016 Wind Technologies Market Report,” U.S. Department of Energy, 2016, https://energy.gov/sites/prod/files/2017/10/f37/2016_Wind_Technologies_Market_ Report_101317.pdf. Data taken from EIA Wind Technologies Report 2016, https://energy.gov/eere/wind/downloads/2016-wind-technologies-market-report.)

The United States largely fixed this problem with the 2016 extension and gradual phase-down of renewable energy tax credits. The wind PTC phases down to zero gradually from 2017 to 2020, and the investment tax credit for solar technologies phases down incrementally from its 2017 level of 30 percent to 10 percent in 2022. A gradual phase-down, announced in advance, for technologies close to market competitiveness can also achieve a de-risking effect.

Price In the Full Value of Negative Externalities

Wholesale electricity markets send the wrong price signals when externalities are not reflected in the marginal price of generation. This is particularly true of carbon and other air pollutants that affect human health. Because centralized wholesale markets rely on the marginal price of energy to dispatch different generators in a least-cost fashion, what may appear to be cheap coal or natural gas is costing more than it appears when only direct fuel costs are considered. In the absence of a carbon price in the region or at the fuel source, wholesale markets can consider adding a proxy social cost of carbon calculation to the bids of generators based on their carbon intensity.31 This will create more revenue for zero-marginal-cost resources such as wind and solar while promoting zero-emission dispatchable resources such as nuclear and hydro over their main competitors: natural gas, coal, and oil.

Eliminate Unnecessary Soft Costs

Lowering development risk for renewables is a key measure to reduce soft costs—the nonhardware component of a project’s costs—when building wind and solar projects. Good policy can drastically cut this uncertainty by pre-zoning land and setting clear requirements and timeframes for permits. For example, a public land agency such as the Bureau of Land Management can zone land as green, yellow, and red. Green zones would be suitable for renewable energy development as long as clear, prespecified conditions are met. Red lands would never be developed; don’t even ask. Yellow lands would open up a complex, careful process to determine whether they are suitable for development. Today, almost everything is, de facto, yellow and vastly inefficient.

This is emphatically not an argument for relaxed environmental standards. Policymakers and communities protect viewscapes, landscapes, habitat, wetlands, streams, watersheds, and species for good reason. Instead, this pre-zoning offers an efficient way to land at the right result. The red-zoned lands would include wilderness study areas, for example. Conversely, a green zone might be an existing oil and gas field, or an interstate highway corridor, or open land that is not critical habitat.

Permitting can also be streamlined while protecting environmental standards. The first step is to enumerate the required steps a project developer must take—and to do so across all agencies that have a say in the matter, be they federal, state, or local. The work of identifying the current permit critical path should be done hand in hand with experienced developers, because they are more likely than government officials to understand the full picture.

The work should then be collated by purpose and by jurisdiction and a clearer, simpler set of requirements produced. The result should:


	Use common forms wherever possible. If colleges can use a standard application form, there is no reason that states and local agencies can’t handle overlapping requirements the same way.

	Be crystal clear on what is required for a successful permit. The goals of the standards need not be relaxed, but they should not be ambiguous, and it should not be ambiguous what it takes to meet the standard. There should be clear timelines, both in terms of submission by developers and response by the permitting authority so that timeline clarity is evident. This will allow developers to appropriately raise and invest capital according to when key risks (such as binary or discretionary permit approvals) are mitigated.

	Reduce or eliminate any processes that are not necessary. Ideally, build a master file system so that applicants do not need to fill out redundant information in dozens of places. Where possible, commit to a paperless workflow process.

	Set a firm, quick time commitment for approval of any permit that meets all the requirements.

	Commit to a reasonable response time for any issue that arises.

	Good policy should be developed and shared between jurisdictions (e.g., in California, between counties) so that reasonable standards are developed and are replicable across multiple locations, meaning developers will not have to reinvent the wheel in every new jurisdiction they enter. This allows them to cost-effectively deploy resources and import best practices into more areas.



A complementary government program could be to appoint an ombudsman who, with policymakers’ blessing, can help developers clear through regulatory and permitting problems.

With this process, crafted with care and published, developers would know exactly what the requirements are for developing and permitting a new solar farm. They would have much more clarity for timing, costs, selecting contractors, and so forth, which would help investors understand that this is a lower-risk project based on clear timelines and steps to approval.

Build In Continuous Improvement

Performance-based regulation is effective when the performance standards set by regulators build in continuous improvement. The state of the art for electricity service is constantly evolving as technologies enable a more connected, responsive grid. It is now possible for system operators to have visibility into the system and predict, adjust to, and avoid reliability issues in ways that were not possible just 10 years ago. Performance targets should build in continuous improvement to reflect this reality, such as by setting targets as annual improvements rather than hard numbers tied to a specific future date.

This principle goes hand in hand with creating business certainty, because the targets for performance under performance-based regulation are also linked to utility compensation. Creating performance targets with continuous improvement also creates long-term certainty that ensures businesses will have the right signals and time horizons to make strategic investments that meet public policy goals while preserving utility profitability.

Focus Standards on Outcomes, Not Technologies

Centralized wholesale markets and vertically integrated utilities should be technology neutral in the way they achieve low-cost, low-carbon electricity service. In the wholesale market context, this applies to which resources can participate in market transactions. Many wholesale markets create artificial barriers to clean technologies in the way they adopt standards or define products. For example, participation in a market for ancillary services such as frequency response may require a synchronous generator, making it impossible for inverter-based generation technologies such as wind, solar, and battery storage to participate in and receive revenue from those markets, even though they are technically capable.32 As markets contemplate ways to value much-needed flexibility to balance variable renewables, they should remain technology neutral, allowing different combinations of resources to provide the lowest-cost set of grid services needed.

In the vertically integrated context, utility bias toward conventional, capital-intensive investments can result in an unjustified preference for large fuel-fired generators and conventional grid infrastructure over demand-side options, storage, and renewables. Performance-based regulation can help encourage utilities to become technology neutral in their selection of supply- versus demand-side resources to provide cost-effective service to customers. In particular, a revenue cap and incentives for efficiency can be particularly powerful drivers to incentivize technology neutrality.

Prevent Gaming via Simplicity and Avoiding Loopholes

Gaming in the utility performance context is explained in a handbook on performance incentive mechanisms that Synapse Energy Economics prepared for regulators:

Every performance incentive mechanism carries the risk that utilities will game the system or manipulate results. “Gaming” refers to a utility taking some form of shortcut in achieving a target so that the target is reached, but not in a way that was intended. For example, if a performance incentive were set that rewarded a utility for increasing a power plant’s capacity factor above a certain threshold, the utility might understandably respond by increasing its off-system sales from that power plant, even at an economic loss. Thus the utility would be able to meet or exceed the target capacity factor, but ratepayers would be worse off.33

A key in designing performance targets and incentives is to tie them as closely to outcomes as possible. For example, if the goal is to improve system efficiency, regulators might consider measuring and setting a target for peak demand reduction rather than requiring the utility to spend some fixed percentage of its budget on demand response or buy a fixed amount of storage. The utility could meet these targets without verifying that these technologies are being used to actually reduce peak demand. Instead, the metric of peak demand reduction can be measured and verified by observing the peak demand in a start year and subsequent years.34

Performance standards or targets under performance-based regulation can be gamed by utilities if they are not designed transparently. The first key is to create transparency on how utility performance is measured. This means the methods and the underlying data should be shared with all stakeholders, who should be able to replicate the utility’s performance calculation using the same publicly available data. The second principle is simplicity. The data collection and analysis techniques should be straightforward if possible, enabling regulators and other stakeholders to more easily determine the data’s accuracy. This in turn makes manipulation of data more difficult and reduces the costs of oversight.35

Additional Design Considerations

Regional Coordination

One of the most cost-effective ways to integrate high shares of renewable energy is to increase geographic diversity of the resources being balanced. Over larger distances, wind patterns are negatively correlated, meaning one place will be windy when the other is not. This reduces the need for backup generation and storage to even out wind’s variable production profile.36 Likewise, as the sun moves east to west over a continent, importing solar from the west can help manage local sunset ramps.37

Bigger grid balancing areas can be achieved several ways, including merging smaller balancing areas or simply allowing trading of electricity between existing balancing areas. For example, special markets are developing in the United States to trade grid balancing services between regions that are operated independently from one another. Without needing to build new physical transmission capacity—simply by allowing trades between regions that did not allow them before—these burgeoning markets have saved customers in the western United States at least $140 million per year.38

In addition, greater transmission connectivity can help increase trading capacity and increase the diversity of demand and supply options to manage variable wind and solar generation. Although transmission is expensive and difficult to site, planning renewable generation and transmission projects together can yield tremendous efficiencies.39 One report that studied the U.S. grid found that the grid could run reliably and at the same cost as in 2013 on more than 50 percent wind and solar generation, reducing greenhouse gas emissions by 80 percent from 2005 levels, but this required a coordinated buildout of high-voltage direct current transmission to allow trading to access high-value renewable resources and mitigate variability.40

Publicly Owned Utilities

Unlike investor-owned utilities, which are ultimately motivated by profits and shareholder value, publicly owned utilities are nonprofit entities that are owned by customers themselves, through either the state or local government or a cooperative arrangement. Publicly owned utilities are directly connected to public policy and governed democratically. The transition to high shares of renewables is just as challenging for public utility management and boards as it is for their investor-owned utility counterparts, but publicly owned utilities may not be affected by the specific recommendations for wholesale energy market reform or performance-based regulation covered in this chapter.

However, some principles of performance-based regulation can be applied to encourage innovation and measure progress at publicly owned utilities. Consistently setting, measuring, and updating quantitative performance metrics, particularly around demand-side management and carbon intensity, should be a central feature of any publicly owned utility management program.41 For small utilities this can be a large lift, but even the simplest goals are useful places to start orienting utility operation around increasing customer value.

Publicly owned utilities are also similar to investor-owned utilities in the way in which energy efficiency can hurt their bottom line. Energy efficiency reduces the total volume of electricity sold by avoiding some demand. To recover the costs of past investments, utilities set rates based on the expected amount of electricity they will sell. If a utility then implements energy efficiency measures and lowers the amount of electricity it sells, it will not recover the full costs of its past investments. One way around this problem is to pursue revenue decoupling. Decoupling allows utilities to retroactively recover any lost revenue or return surplus revenue to customers, based on the amount of electricity sold. It therefore eliminates the incentive for utilities to sell more electricity.42 Publicly owned utilities worried about their revenue due to falling sales can consider decoupling as a way to reduce financial uncertainty and drive energy efficiency.

Refinancing Options for Coal Retirements

Transitioning uneconomical coal- and oil-fired power plants off utility balance sheets can be much cheaper if stakeholders take advantage of ratepayer-backed, state, or municipal bonds with very low interest rates. As explained earlier, many uneconomical plants have undepreciated balances, and early retirement would require the owners to take that balance as a loss. Moving the balance out of the utility rate of return structure and into a low-cost bond can significantly reduce the costs of paying off these old plants for customers.

The typical investor-owned utility’s authorized return—its weighted average cost of capital—reflects a mix of corporate bonds and shareholder equity. The weighted average cost of capital, in turn, depends a lot on the financial viability of the utility, its ability to collect all its costs from customers, and the investment climate and borrowing costs in the country in which it exists. In general, the cost of equity exceeds the cost of debt, and government-backed debt costs even less than corporate debt. As a result, shifting the balance of plant costs from a utility balance sheet, where they receive the weighted average cost of capital, to one backed by a government or by customers in aggregate, can reduce financing costs, sometimes by more than 50 percent.43 This in turn makes it attractive for utilities to refinance, and ultimately retire, plants.

Case Studies

United Kingdom

The UK’s utility regulator, the Office of Gas and Electricity Markets (Ofgem), uses price controls or revenue cap regulation plus incentives to drive efficiency in regulated utilities by setting revenues for a long time and letting the companies keep a profit if they manage to deliver the same outputs at a lower cost. This program, called Revenue = Incentives + Innovation + Outputs (RIIO), is the most full-scale move toward performance-based ratemaking for utilities observed anywhere in the world to date.

At the heart of RIIO are detailed “business plans” that each utility in the UK must develop and submit to the regulator. The business plans specify the expenses each utility expects over the next 8 years, forming the basis of the revenue cap. Utilities that reduce expenses below the revenue cap are able to keep about half the savings as profits, sharing the other half with customers. Utility investors also share in excess expenses as losses, producing strong incentives for cost efficiency.

To ensure a high level of service is maintained, the business plans must also be responsive to performance incentives in six primary output categories: customer satisfaction, reliability and availability, safe network services, connection terms, environmental impact, and social obligations—each with measurable targets. Achievement of many of these targets results in higher overall profit for the utilities. Failure to meet the targets can sometimes mean a penalty for the utilities. For example, Ofgem proposed to add or subtract a maximum of half a percent of revenues based on a customer satisfaction scoring system.

The dual impact of a long-term revenue cap and long-term performance incentives creates business certainty and builds in continuous improvement. According to Figure 5-5, all utilities were able to earn returns above their cost of capital in the first performance period, creating value for shareholders. Moreover, the utilities performed well on the metrics that were linked to performance, indicating that the incentives promoted real-world improvement.

There may have also been some performance targets that were too loose, yielding windfall profits for the utilities in the first performance period. Although some UK utilities are paying penalties for underperformance on outcomes, most are successfully earning incentives for performing well on outcomes. This mix of penalty payments and incentive earnings is balanced, but it is worth noting that more utilities are performing (and earning) well than poorly on their outcomes. This may indicate that more ambitious performance targets could have been warranted to better share benefits between utilities and customers or that utilities were able to take advantage of information asymmetry (knowing more details about performance potential and associated cost than their regulators).
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Figure 5-5. Performance-based regulation can yield total returns on equity above the cost of equity. (Data reproduced from publicly available UK government data under the terms of the Open Government License from “RIIO-ED1 Annual Report 2015–2016,” Ofgem, 2017, https://www.ofgem.gov.uk/system/files/docs/2017/02/riio-ed1_annual_report_2015-16.pdf.)

Texas

Texas houses one of seven centralized wholesale markets in the United States, the Electric Reliability Council of Texas (ERCOT). ERCOT is unique among U.S. markets in that it operates over the footprint of a single grid, whereas the others in the United States operate in regions that are parts of a larger, interconnected grid. Texas’s wholesale market has several other unique features: It operates without a market for capacity, and it has a very high cap on the price of energy, at $9,000 per megawatt-hour.

Texas has also been one of the most successful integrators of wind power, with 21,000 megawatts of capacity where peak load is 71,000 megawatts.44 In 2016, 15 percent of ERCOT’s generation was produced by wind power; in March 2017, a record 25.4 percent of total generation was from wind power.45 ERCOT’s policymakers have made two important recent policy decisions that have brought great benefits to their electricity consumers while driving a cleaner grid.

The first of these, completed in 2013, was the creation of a set of competitive renewable energy zones that funded nearly $7 billion46 in transmission projects to tap renewable energy resources in windy, remote west Texas (Figure 5-6).

The lines installed in these zones immediately relieved major transmission bottlenecks and gave a clear market signal to renewable energy project developers, enabling more than 20,000 megawatts of new wind, triple the amount of the next highest state (Figure 5-7).47
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Figure 5-6. Competitive Renewable Energy Zones in Texas. (From “Fewer Wind Curtailments and Negative Power Prices Seen in Texas after Major Grid Expansion,” U.S. Energy Information Administration, 2014, https://www.eia.gov/todayinenergy/detail.php?id=16831.)

The zones are technology neutral and do not require access to wind; rather, they have enabled wind resources to participate in the market. It is anticipated that they will also stimulate at least 3,000 megawatts of future solar projects48 with complementary generation profiles to wind (which blows mostly at night in west Texas). They have also reduced soft costs for renewable developers, creating access to world-class wind resources without risk and delays created by uncertain transmission access. As a result, new low-cost wind is projected to offset the costs of the program and associated transmission lines and then some, saving customers an estimated $16 billion through 2050.49

The other important decision recently made by Texas policymakers was to forgo the use of a capacity market as a means to ensure that enough generation would always be there to serve load. Instead, Texas raised its caps on real-time energy prices and implemented a price adder that would kick in if operating reserves dropped. By trusting a well-designed wholesale market to elicit efficient investments in the grid, Texas customers avoided costly capacity payments on the order of billions of dollars.50 Yet ERCOT was able to retire thousands of megawatts of inefficient old gas and coal power plants while taking advantage of record low prices for new gas and wind to enable a cleaner, cheaper, more flexible grid with record reliability.51 The fact that ERCOT has more than enough capacity provides evidence that a capacity market may not be necessary to provide long-term business certainty sufficient to stimulate investment in adequate power generation.
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Figure 5-7. Wind capacity additions by year in Texas. (Data used with permission from the “ERCOT Generator Interconnection Status Report” [ERCOT, 2017], http://www.ercot.com/content/wcm/lists/114799/GIS_REPORT__October_2017.xlsx.)

By running a very efficient, technology-neutral wholesale market, Texas has been able to reap the benefits of its renewable portfolio standard and investment in the transmission lines. Smart policies were able to jump-start a wind (and soon solar) market that will be delivering benefits to the citizens of Texas for years to come.

Germany

Germany has also seen major growth in renewable energy in part because of its policies to reduce the investment risk of renewable energy. Policies to reduce investment risk have reduced soft costs in Germany, provided long-term certainty, and built in continuous improvement. Of course, some of the other supporting policies described in this chapter are missing, which is part of the reason it is taking Germany a little longer than other regions to realize the emission reduction benefits of its renewables.

Financing is a large contributor to soft costs, and Germany has some of the lowest financing costs for wind and solar in the European Union. Typical financing costs are between 3.5 and 4.5 percent for onshore wind projects.52 In large part, Germany’s success in driving down financing costs results from the availability of low-cost capital from state-owned development banks. German development banks are able to provide loans at 2 or 3 percent interest, taking advantage of the creditworthiness of the German government. Domestic developers finance between 80 and 100 percent of onshore wind projects with low-cost debt, using a low share of more expensive project equity.53 Climate Policy Initiative estimates that between 60 and 70 percent of the total funding for renewable energy investment in Germany in 2013 and 2014 was originally provided by development banks.54

Long-term certainty and continuous improvement have also greatly de-risked renewable investment in Germany. Feed-in tariffs are structured with long-term contracts (8–15 years) at locked-in rates, allowing investors to recover the majority of their investments with almost no risk. From 2002 to 2014, the feed-in tariff had minimal price risk, as renewable generators received fixed prices; as the market matured, this was changed in 2014 to a feed-in premium structure under which generators receive a reduced feed-in tariff on top of market-based electricity prices.55 Germany’s 2004 renewable energy goal had targets of 12.5 percent by 2012 and 20 percent by 2020 (Figure 5-8).56 That goal was increased in 2012 to 35 percent by 2020, 50 percent by 2030, 65 percent by 2040, and 80 percent by 2050, providing policy for continuous improvement over 38 years.
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Figure 5-8. Share of renewable energy in Germany, 2004–2012. (Analysis done using data with permission from the Fraunhofer Institute, “Energy Charts,” accessed December 12, 2017, https://www.energy-charts.de/power_inst.htm.)

Conclusion

Achieving an electricity system with high shares of variable renewable energy will be economically feasible only if complementary policies evolve with renewable energy standards. In particular, to create a more flexible electricity system that supports much more wind and solar, regulators will need to make deliberate choices about how utilities make money, how wholesale markets operate, and how we can transition away from existing fossil fuel generation. Without these tools, the cost of the renewable energy transition may be higher than it needs to be, creating roadblocks to economic growth, shutting out energy-poor communities, and reducing the competitiveness of energy-intensive industries.





SECTION II

THE TRANSPORTATION SECTOR

The transportation sector is responsible for more than 15 percent of annual global greenhouse gas emissions, with the most recent data showing carbon dioxide emissions of about 7.5 billion tons in 2014.1 Emissions are expected to grow to more than 9 billion tons by 2050.2 Without additional policies, the transportation sector will be responsible for 14 percent of cumulative emissions through 2050.3

The growth in emissions is largely due to increasing car ownership and freight transport. For example, passenger travel demand is expected to more than double between 2010 and 2050, and freight transport is expected to increase by nearly 60 percent over the same period.4 Without additional policy, the vast majority of this demand will be met with petroleum fuels, causing emissions to grow.

Reducing emissions from the transportation sector requires improving the efficiency of vehicles produced and the average efficiency of vehicles sold, increasing the share of electric vehicles sold, and providing alternatives to owning and driving a vehicle through smart urban planning. Chapter 6 looks at how vehicle performance standards can improve the efficiency of vehicles in the market. Chapter 7 looks at vehicle and fuel fees and feebates and how they can encourage consumers to purchase more efficient vehicles and drive them less often. Chapter 8 evaluates policies that can promote electric vehicle adoption. Finally, Chapter 9 explores urban mobility and how policymakers can design and encourage investment in low-carbon cities with plenty of transportation options.
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Figure S-2. Potential emission reductions from transportation sector. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Decarbonizing the transportation sector is an important element of any climate strategy, with significant co-benefits such as reduced particulate pollution and lost time due to traffic. Together, the transportation sector policies discussed here can contribute at least 7 percent of the reductions needed to meet the two-degree target (Figure S-2).





CHAPTER SIX

Vehicle Performance Standards

In 2014, the transportation sector emitted 7.5 billion tons of carbon dioxide equivalent (CO2e), accounting for more than 15 percent of global greenhouse gas emissions.1 Emissions from road transportation are projected to grow more than 30 percent by 2030,2 spurred largely by a dramatic increase in cars and trucks in China, India, and other developing economies. Although on-road vehicles account for the lion’s share of transportation sector emissions (72 percent), aviation (11 percent) and shipping (11 percent) are also important contributors,3 and their share of transportation emissions is likely to rise as on-road vehicles become more efficient.

The policies with the best track record of significantly reducing fuel consumption and lowering emissions from vehicles are vehicle performance standards. Vehicle performance standards are a powerful tool for improving the fuel efficiency of and reducing greenhouse gas emissions from newly sold vehicles. Standards should be known by manufacturers years in advance, giving them time to adapt their product offerings, and should continuously improve over time. They should be technology neutral and written simply, reducing opportunities for gaming. Japan’s Top Runner program, China’s Vehicle Emissions Control Program, and the U.S. Corporate Average Fuel Economy standards include well-designed elements, although none is an unmitigated success. Designed well, stronger vehicle performance standards can achieve about 3 percent of cumulative global emission reductions needed to meet the two-degree target (Figure 6-1).

Policy Description and Goal

Vehicle performance standards, often called fuel economy standards, establish maximum allowable levels of fuel consumption or greenhouse gas emissions per unit distance traveled. Their objective is to ensure that all vehicles, either individually or as a weighted average of sales, achieve certain minimum performance targets, thereby raising the vehicle fleet’s energy efficiency and reducing emissions. Past vehicle performance standards have reaped outstanding benefits: lower oil consumption, lower greenhouse gas emissions, reduced dependence on oil imports, and increased investment in innovative technologies, all at a net savings to society. Vehicle performance standards are particularly valuable because market barriers may limit the efficacy of other transportation sector policies, such as vehicle and fuel fees and feebates (discussed in Chapter 7), in delivering deep energy and emission reductions.
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Figure 6-1. Potential emission reductions from vehicle performance standards. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage &page=about.)

Vehicle performance standards have been implemented in a variety of ways in different countries. When designing the policy, some of the major choices to be made are:


	How to differentiate the standard for different vehicle types (trucks, cars, etc.).

	Whether to cover all types of vehicles under the standard or whether to exclude certain vehicle types, such as two-wheeled or three-wheeled vehicles. Generally, all vehicles should be covered.

	Whether the standard should control the amount of fuel consumed or the amount of greenhouse gases emitted per unit distance traveled. For many jurisdictions, standards should ideally be emission based, which better accounts for leaking refrigerant from air conditioning systems and allows the use of other control technologies, which are relevant for non-CO2 pollutants. However, some jurisdictions may prioritize oil conservation and create a standard intended primarily to reduce fuel consumption.

	Whether the standard will make distinctions based on vehicle weight, vehicle footprint, or other design factors. If any distinction is required, it should be based on footprint (its two-dimensional projected area on the ground).

	Whether the standard has built-in, automatic improvement, or whether it must be manually reviewed by a legislative or regulatory body for each update. Ideally, standards should have a built-in improvement mechanism.

	Whether the performance standard in a given year is defined as a continuous function for each vehicle type (with respect to an independent variable reflecting the vehicle’s design, such as footprint) or whether performance targets take the form of discrete stairsteps.

	Whether to apply a standard to every vehicle sold or to apply the standard as a sales-weighted average of vehicles of a given type sold by a particular manufacturer. A sales-weighted average allows more flexible compliance options. A hybrid option is possible as well. For example, China sets both fleet-wide average standards and a minimum requirement for each model in a specific class.4



When to Apply This Policy

Using vehicle performance standards is almost always smart policy: They save society money while driving down emissions. However, there are particular policy objectives for which these standards are well suited and others that are not well suited, leaving a role for complementary transportation sector policies such as fuel fees and vehicle feebates, which are discussed in the next chapter.

When to Apply Vehicle Performance Standards

When standards specify minimum performance requirements that every vehicle must meet, they affect the lowest (worst-performing) segment of the marketplace. They force manufacturers to either improve their vehicles or stop selling the most polluting vehicle models and instead sell their better-performing vehicles. This approach has advantages. For example, efficient vehicles already exist in the marketplace for virtually every vehicle class. Most manufacturers already produce models with a range of performance characteristics, which demonstrates the feasibility of complying with the standards. Therefore, standards are a particularly good fit for regions where some vehicle manufacturers sell significant numbers of inefficient vehicles, whether due to older technology or by favoring larger vehicles, such as SUVs.

When standards are specified as minimum performance requirements on a sales-weighted average basis (for each vehicle type, for each manufacturer), manufacturers may improve the worst-performing vehicles they sell, or they may improve the best-performing vehicles and sell more of them (offsetting the emissions from the worst-performing vehicles), or both. This helps guide not only manufacturers’ design choices when developing or refining new vehicle models but also their marketing and pricing choices, to ensure the sales-weighted average hits the target. If vehicle manufacturers that overcomply on a sales-weighted average basis are allowed to sell this credit to other manufacturers who may then legally undercomply with the standard, the policy gives efficiency leaders an incentive to innovate further so as to have more credits to sell to other manufacturers. This design is good for countries or regions that can establish, monitor, and prevent cheating on a credit trading marketplace.

Another factor to consider when deciding to apply vehicle performance standards relates to overcoming market irrationalities and barriers. Although evidence is mixed, many studies have found that consumers significantly undervalue fuel savings when making their purchasing decisions.5 Unlike economic incentives (taxes or subsidies), a performance standard does not rely on consumers making rational adjustments to their behavior in response to an economic signal. A performance standard will work irrespective of whether consumers care about fuel efficiency or even in the case where consumers buy vehicles without knowledge of their fuel efficiency. This makes standards good fits for countries or regions with buyers who have limited information or are insensitive to fuel efficiency.

Vehicle performance standards are additionally important in the face of fuel price uncertainty. Consumers might be likely to undervalue fuel savings, but they also often don’t have good information about fuel prices, which can fluctuate drastically even within the timeframe it takes to make a vehicle purchase decision. Manufacturers and consumers alike benefit from standards that prepare and protect them from volatile oil prices.

When to Apply Complementary Policies

Several worthy policy goals are not tackled by vehicle performance standards. First, standards affect only new vehicles; they do not encourage the retirement or replacement of old, inefficient vehicles. In practice, this means vehicle performance standards have a long lead time after the policy is enacted before their full emission benefits are realized. A policy to encourage the early retirement of old vehicles—such as government buyback and scrapping of inefficient vehicles (“cash for clunkers”)—may be a helpful complement that accelerates the impact of vehicle performance standards.

Second, among vehicles that comply with the standard, the policy provides no incentive for a buyer to select one of the best-performing options rather than one that narrowly complies. A performance standard is weaker than some other policies at pushing consumers to adopt cutting-edge technology and at encouraging manufacturers to produce innovative, extremely efficient new models. That said, fleet average standards that allow manufacturers to sell a mix of high-performing and low-performing vehicles are likely to result in more of an innovation push than standards that simply set a minimum requirement per vehicle, especially if less efficient vehicles are cheaper or more likely to sell. Additionally, in some systems overcomplying manufacturers may sell credits to other manufacturers, meaning some manufacturers can just buy their way out of compliance. A pricing policy that provides financial rewards that increase with vehicle efficiency, such as a feebate (discussed in Chapter 7), helps mitigate this weakness.

Third, a vehicle performance standard does not reduce the amount a vehicle is used. In fact, by lowering the cost of travel, a vehicle performance standard can actually encourage an increase in vehicle use. Studies vary in estimating this effect, but it is reasonable to conclude that a 10 percent increase in vehicle efficiency results in roughly a 2 to 4 percent increase in vehicle use. Although the rebound effect is not trivial, it is more than offset by savings from the fuel economy standards. For example, assuming an average distance traveled of 12,000 miles per year, increasing a vehicle’s efficiency from 25 miles per gallon to 30 miles per gallon would result in a reduction of 80 gallons per year without the rebound effect and 73 gallons per year assuming a rebound effect of 10 percent. Although the rebound effect reduces the amount of fuel saved by about 7 gallons per year, the net savings of 73 gallons vastly outweighs this effect.

Lastly, policies governing planes and ships, often used for international transport, tend be set internationally. The International Civil Aviation Administration has recently set the first-ever vehicle performance standards for aircraft,6 and the International Maritime Organization is doing something similar for oceangoing vessels.7 In these cases, rather than setting their own vehicle performance standards (and generating a patchwork of regulations), policymakers can adopt and enforce the standards set by these organizations. As members of these groups, countries may push these bodies to enact strong, well-designed standards. Aviation and marine emissions are already a significant source of emissions, and addressing emissions from these sources will become increasingly important as the rest of the transportation system becomes electrified and decarbonized.

Detailed Design Recommendations

Policy Design Principles

The following policy design principles apply to fuel economy standards.

Create Long-Term Certainty to Provide Businesses with a Fair Planning Horizon

Vehicle and auto manufacturers may need several years to make the investment in research and development (R&D) necessary to meet fuel economy standards. If standards are set only a few years at a time, businesses may be unsure whether standards will continue to become more stringent in the future. In turn, they will not know whether modest investment in near-term improvements is sufficient or whether a larger investment in a new technology or major design change might be worthwhile.

Because of their greater size and complexity, the design cycle for aircraft and oceangoing ships is even longer than for automobiles, so a long-term planning horizon is even more crucial for these industries.

A known schedule of vehicle performance standards helps companies justify investments in R&D and fuel efficiency to their shareholders, who otherwise might be skeptical of the value of these expenditures. Companies that make a serious commitment to R&D may see tighter standards as their competitive advantage.

Build In Continuous Improvement

Vehicle performance standards are valuable because they continue to drive the vehicle fleet toward greater efficiency and eliminate the worst-performing vehicles over time. If the standards are allowed to stagnate (i.e., remain the same for a significant period of time), they are not serving their primary purpose.
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Figure 6-2. U.S. gasoline consumption increased while fuel economy standards stagnated. (Data from “Short-Term Energy Outlook, Oct. 2016,” U.S. Energy Information Administration, 2016, Table 3.1, https://www.eia.gov/outlooks/steo/archives/oct16.pdf; United States, “2017–2025 Model Year Light-Duty Vehicle GHG Emissions and CAFE Standards: Supplemental,” U.S. EPA 40 CFR Parts 85, 86, and 600; NHTSA 49 CFR Parts 531 and 533 §, 2011, http://www.nhtsa.gov/staticfiles.)

In the United States, after the 1973 oil crisis, the U.S. government enacted the first set of automobile fuel economy standards, which came into effect in 1978. From 1978 to 1985, the standards for passenger cars rose from 18 miles per gallon to 27.5 miles per gallon. In that time, U.S. motor gasoline consumption dropped from 7.3 million barrels per day to 6.7 million barrels per day, despite a growing U.S. economy and population.8 Other factors probably influenced this drop as well, such as a change in the federal highway speed limit and higher gasoline prices. However, total passenger travel increased over this period, indicating that at least part of the reduction in motor gasoline demand was due to more efficient vehicles.9

Unfortunately, the standards were then allowed to stagnate for two decades. Despite various attempts, it was not until December 2007 that legislation tightening the standards was passed. Motor gasoline consumption rose considerably in the intervening decades, reaching 9.1 million barrels per day in 2007 (Figure 6-2). This stagnation of standards resulted in a tremendous loss to the U.S. economy: 1–3 million barrels of oil per day,10 worth tens of billions of dollars per year and hundreds of millions of tons of greenhouse gas emissions and other air pollutants that cause illness and premature death.

To avoid these negative outcomes, policies should have a built-in mechanism for tightening standards.

One way in which a standard might build in continuous improvement is to specify a formula for increasing stringency (3–6 percent per year is a reasonable guideline). This provides the greatest clarity and certainty to manufacturers, but it risks being unachievable if technical or physical bottlenecks are reached, which becomes increasingly likely after the standard has been tightened for many years, all low-hanging fruit is gone, and only the hardest technical challenges remain. On one hand, it may not be worth worrying about this when designing a standard, because the combined power of technological innovation and free markets continuously cough up huge advances, so today’s efficiency frontier often becomes tomorrow’s benchmark. Alternatively, it is possible to include a “safety valve,” for example, allowing the standards to stop tightening if an independent technical review board determines that further improvements do not meet a cost-effectiveness test.

Another approach is to set the standard based on the most efficient vehicles already in the marketplace, plus a technology improvement factor, as is done in the Top Runner program in Japan.11

Focus Standards on Outcomes, Not Technologies

Vehicle performance standards should not specify the technology to be used but rather the physical outcomes they aim to achieve. For example, a good standard will regulate the amount of CO2 emitted for each vehicle-kilometer (or when it is more applicable, each freight-ton-kilometer) traveled or transported. It should not specify, for example, that a particular engine design be used. This leaves companies the greatest latitude for innovation, so they can seek out the least expensive or most efficient means of achieving the standard.

Prevent Gaming via Simplicity and Avoiding Loopholes

Potentially the greatest difficulty in designing good vehicle performance standards is avoiding gaming and loopholes. For example, standards that vary based on vehicle weight (which allow greater fuel consumption for heavier vehicles) may encourage manufacturers to make heavier, less efficient vehicles. In the United States, standards that were more lax for light trucks than for cars encouraged manufacturers to categorize more of their vehicles as sport utility vehicles (SUVs, technically a type of light truck) and to promote these larger vehicles to consumers.

Some principles that help to avoid loopholes include:


	Keep the standards simple. Write in clear and unambiguous language the quantitative performance outcome to be achieved. Carving out exceptions or special cases for various technologies or for vehicles with various properties opens up opportunities for gaming.

	Create real-world, in-use testing protocols, with real damages for cheats or nonperformance. Weak or inaccurate tests allow manufacturers to produce vehicles with nice fuel economy stickers but lousy real-world performance. Language that says “tests will be modified from time to time to better represent real-world conditions” and sets a fair horizon for future test requirements (e.g., 5 years) can push manufacturers to design for the world rather than the test.

	If the standard must vary by vehicle characteristics, it should vary by vehicle footprint, because this is more resistant to being artificially increased than a vehicle’s weight or volume.

	If the standard must vary by vehicle characteristics, it should do so smoothly rather than ratcheting up or down suddenly when the vehicle characteristic crosses a certain threshold. For example, a vehicle performance standard might specify that the minimum required performance is equal to the vehicle’s footprint multiplied by a coefficient rather than by breaking vehicles into distinct categories based on their footprints falling within particular ranges. A standard that changes abruptly makes a stairstep pattern when graphed against the characteristic on which the standard is based (such as vehicle footprint). Manufacturers will design vehicles that all fall at one edge of a stairstep, constraining their design choices and possibly increasing vehicle price without any emission benefit relative to setting a standard as a smooth line or curve that passes through the endpoint of each stairstep (Figure 6-3).

	Similar standards should apply to vehicle types that are substitutes for one another, such as passenger cars and SUVs (which are overwhelmingly used as on-road vehicles in the same functional capacity as passenger cars). This reduces the incentive for manufacturers to market and sell primarily the vehicle type with the weaker standards.
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Figure 6-3. A continuous standard would avoid problems with China’s stairstep fuel economy standard. (Drew Kodjak, “Global Trends in Passenger Vehicle Fuel Economy Standards,” GFEI Fuel Symposium, Paris, 2014, https://www.slideshare.net/FIAFoundation/paris2014-drew-kodjak. Data reproduced with permission from the International Council on Clean Transportation under a Creative Commons Attribution-ShareAlike 3.0 Unported license.)

Additional Design Considerations

If vehicle performance standards are designed according to the aforementioned principles, there are only a few remaining points to watch out for.

Use Emission-Based Standards for Environmental Goals

If the policy goal is to reduce emissions, it is best if vehicle performance standards are based not on fuel consumption but on pollutant emissions per distance (or per unit cargo-distance) traveled. The effect is largely similar, but there are two key differences:


	For local air pollutants, an emission-based standard allows control technologies, such as particulate filters, to be used to help meet the standard. This helps ensure the standards are technology finding (rather than restricting manufacturers’ options to choose among technologies addressing fuel efficiency), allowing compliance at least cost.

	For greenhouse gases, an emission-based standard should include leakage of refrigerant from the vehicle’s air conditioning system. These refrigerants can be powerful greenhouse gases, and the fuel efficiency of the car has no relationship to their leakage rate.



On the other hand, if the policy goal is to reduce petroleum consumption, then vehicle fuel consumption performance standards are more appropriate.

Build Industry Support

Vehicle manufacturers may either oppose the enactment of tighter vehicle performance standards (as they did in the United States in 1990) or work constructively with policymakers on a compromise (as they did in the United States in 2009).12 The support of automakers can make a big difference in the likelihood that a legislature or a regulatory agency feels comfortable enacting suitable performance standards, and it may avoid the uncertainty and delay associated with lawsuits challenging the regulations.

The core elements of smart policy design will help garner the support of automakers who have serious commitments to new technology. In particular, automakers value reasonably long lead times, regulatory certainty, flexibility in how a standard is met (technology-finding policy), and the opportunity to trade, bank, or borrow credits. Of course, companies that fail to make meaningful technology development investments may still oppose tighter standards, but it makes little sense to design policy to protect the worst performers.

Industry players, especially vehicle manufacturers (as opposed to vehicle component manufacturers), are more likely to be supportive if they are given a place at the table early, a voice in setting the starting stringency of the new standards, and regulatory certainty through a known schedule of improvements extending many years into the future. Attempts by industry to set up periodic review of the standards should be viewed with skepticism, as reviews add to uncertainty and are often used to undermine the stringency of existing standards. If a review is called for, it should be conducted by qualified, independent experts.

Some vehicle and engine manufacturers may be supportive if they believe R&D is among their competitive strengths. Cummins is a U.S. company that manufactures engines and power generation equipment. John Wall, Cummins’s chief technology officer, explained why Cummins has supported increased vehicle performance standards in the past: If Cummins knows the standards it will need to meet, it can invest in developing the necessary technologies, such as hybrid power trains or heat recovery systems. When the standard comes into effect, Cummins can provide standard-compliant products that are better and cheaper than those of their competitors, and Cummins gains market share and a return on its R&D investment.13

Use Test Procedures Resembling Real-World Driving Conditions and Retest Randomly Selected Vehicles

Vehicle performance standards can be undermined by test procedures that are intentionally or unintentionally designed to allow manufacturers to achieve good test results while achieving worse real-world, on-road performance. This has been a particular problem in Europe, where the gap between vehicles’ tested performance and their actual performance continues to grow, as manufacturers game the test procedure: This gap was 10 percent in 2001 and grew to 35 percent by 2014.14 This means the average car in Europe that appears to comply with the standard actually burns 35 percent more fuel than demonstrated during the test procedure. Vehicle manufacturers are able to supply specially prepared vehicles for testing; for example, they can take out the seats to make the car lighter, tape the seams to make it more aerodynamic, and fill the tires with liquid to reduce their rolling resistance. They can even select an especially favorable test track to be used.15 This “golden car” approach is gaming the system across the board, but because of poor policy design, it is legal.

Vehicles should be tested upon introduction to market and retested during the vehicles’ lifetime. Testing should be carried out by an independent third party and on randomly selected vehicles, not vehicles specially prepared for testing by manufacturers. Laboratory tests should be supplemented by on-road tests that reflect actual driving conditions. Some car and part manufacturers and international bodies are pushing for internationally harmonized standards for vehicle testing procedures, which would arguably strengthen enforcement and better identify underperformers. However, some nations and regions (such as the United States and the European Union) prefer to have their own testing procedures to better account for local conditions. The success of internationally harmonized testing standards will depend on the ability of stakeholders to implement standards that promote rigorous, randomized testing in accordance with the principles outlined above.

Case Studies

Japan’s Top Runner Program for Passenger Vehicles

Japan has had vehicle performance standards for passenger vehicles since 1979, but in 1999 they were brought under the scope of Japan’s new Top Runner program.16 The program first identifies the most fuel-efficient vehicle in each weight class every few years. The efficiency standard is then updated to reflect the efficiency of this “top runner” vehicle but adjusted to account for potential technological improvement over the next set of years the standard covers.17 This technological improvement percentage, which is determined by regulators and subject to a public comment period, pushes manufacturers to achieve vehicle efficiency above and beyond what is currently in the market, incorporating the principle of continuous improvement discussed earlier.18 To push the boundaries of technology, tax breaks are offered to companies that meet the performance standards years ahead of schedule.19

The Top Runner program sets standards based on the sales-weighted average efficiency of vehicles sold by each manufacturer,20 so manufacturers can sell some vehicles that do not meet the standard as long as they sell enough vehicles that exceed the standard by a sufficient margin. The Top Runner program also stipulates “display items,” or statistics about each product that must be displayed in places that can be readily seen by buyers, such as in catalogs and on exhibits. The data to be included vary by product. For passenger vehicles, required data include the engine type, vehicle weight, riding capacity, energy consumption efficiency, emissions, and other details.21

Between 1999 and 2010, the Top Runner program improved the energy efficiency of passenger vehicles by 23 percent and improved the efficiency of small freight vehicles by 13 percent.22

Although the Top Runner program has seen some success, it has significant drawbacks. One limitation is that the program categorizes vehicles by weight class rather than by footprint, encouraging manufacturers to build bigger vehicles. Another limitation is that although the standard includes a mechanism for increasing stringency, this mechanism relies on technology that is already in production in the baseline year, resulting in standards that are easily met. For example, although the program has resulted in a 49 percent improvement in efficiency, this improvement has taken place over 15 years, delivering only a 2.7 percent improvement per year. Third, Top Runner uses a stairstep function in setting efficiency requirements and therefore encourages gaming. It’s worth noting that this type of program is also much easier to implement once top-performing technologies are already available; it would not be as effective for an initial program in countries that are new to performance standards. More detail on economic incentives to purchase more efficient cars is provided in Chapter 7 (“Vehicle and Fuel Fees and Feebates”).

China’s Vehicle Fuel Consumption Control Program

China has introduced vehicle fuel economy standards in four phases, with the first phase covering 2004–2007, the second phase 2008–2011, the third phase 2012–2015, and the fourth phase taking effect at the start of 2016.23 Although the program currently fails to incorporate many of the design principles discussed earlier, policymakers are taking lessons from global leaders in vehicle performance standards to improve on several of its current deficiencies. China’s standards have seen some success and hold some promise for future efficiency improvement.

China’s vehicle fuel consumption standard varies based on vehicle weight, not footprint, and establishes different standards for different technologies (normal, SUV, and minivan). Each phase extends only about 4 years, failing to give businesses certainty and a long-term planning horizon. New standards are rolled out only 3 years before manufacturers need to demonstrate compliance, which results in slower and more expensive technology upgrades, as manufacturers are limited in their ability to plan for the long term. The standard is implemented as a series of stairsteps rather than a continuous function (although in the future it will probably move to a continuous function) and relies heavily on manufacturer input. Lastly, policies focus on fuel consumption rather than pollutant emissions.

For compliance and enforcement, China uses a European test protocol for monitoring, verification, and enforcement, but Europe’s test protocols (as discussed earlier) allow extensive gaming by manufacturers. Compliance is also demonstrated using preproduction and production models tested in labs rather than testing models on the road. Furthermore, there are no compliance penalties and no compliance follow-ups once vehicles are on the road. China is creating its own testing protocol, but whether that will turn out to be tougher or looser than the European approach remains to be seen.
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Figure 6-4. The strongest fuel economy standards in the world. (“Passenger Car Miles per Gallon, Normalized to CAFE,” 2015, http://www.theicct.org/sites/default/files/info-tools/pvstds/chartlibrary/CAFE_mpg_cars_Sept2015.pdf. Data reproduced with permission from the International Council on Clean Transportation under a Creative Commons Attribution-ShareAlike 3.0 Unported license.)

Taken together, the Phase I and Phase II standards reduced real-world average fuel consumption of vehicles by approximately 12 percent, a reduction that would have been greater but for the fact that the standards encouraged the production of higher-fuel-consuming cars with larger engine displacement, eliminating some of the reduction in total fuel consumption.24

On the upside, the efficiency requirement of China’s standard is aggressive, making the Chinese fuel economy standard one of the most stringent in the world (Figure 6-4).25 China supplements its fuel economy standards with a variety of other policies, including fuel taxes; subsidies for fuel-efficient, plug-in hybrid, and all-electric vehicles handled upstream of the consumer; a commitment to scrapping old and high-emitting vehicles (although the policy mechanism has not yet been announced); and a tax and rebate that together encourage the purchase of smaller engines.26 China also requires labels disclosing the fuel efficiency of vehicles, although as of 2012, one study found only a 62 percent compliance rate with requirements for cars to display these labels.27

The Chinese fuel economy standards are for the most part well designed and effective, although they would benefit from better testing and enforcement procedures and from being based on footprint rather than weight.

The United States’ Corporate Average Fuel Economy Standard

The United States’ fuel economy policy is the Corporate Average Fuel Economy (CAFE) standard. First coming into force in 1978, the CAFE standard aims to improve the average fuel economy of newly sold light-duty vehicles. CAFE is applied to a manufacturer’s current model-year fleet of passenger cars or light trucks, manufactured in the United States and with a gross vehicle weight rating of 8,500 pounds (3,856 kilograms) or less. Manufacturers are required to meet an average fuel economy target based on the sales-weighted mean miles per gallon in a given year.

The penalty for noncompliance is steep: If a manufacturer’s new vehicle fleet falls below the applicable standard, the manufacturer must pay a penalty, currently U.S. $55 per mile per gallon below the standard, per vehicle manufactured for the U.S. market.

In 2012, after passage of the 2007 Energy Independence and Security Act, the National Highway Traffic Safety Administration established a credit trading mechanism to allow manufacturers to transfer compliance credits between car and truck categories, carry compliance credits forward up to five model-years, and transfer compliance credits between firms. During this revision, the method of calculating compliance was changed to the product of the vehicle’s wheelbase and its average track width (footprint). On one hand, the change loosened the standards by allowing larger vehicles to meet less aggressive fuel economy requirements than smaller vehicles, reducing the incentive to sell more small cars. On the other hand, by indexing the standard to vehicle size rather than weight, this formula builds in a crucial incentive to reduce weight, which enables improved fuel economy and can improve overall roadway safety.

The U.S. CAFE standard is often seen as a success and in recent years has significantly driven fuel economy improvements. However, without a mechanism to regularly improve the stringency of the standard, fuel economy stagnated for nearly 20 years between 1990 and 2010. Given the current administration in the United States, it is unclear whether the standards will continue to strengthen in the future or whether they will stagnate again.

In addition, the standards are set separately for passenger cars and light-duty trucks, which has encouraged manufacturers to make small modifications that reclassify passenger cars as light-duty trucks, thereby lowering the minimum required fuel economy.

Another issue is the inclusion of a review process for future year standards. During the 2012 extension of the standards, policymakers included the option of a midterm review of the standards, which manufacturers are trying to use as a mechanism for reducing the standards stringency.

Nevertheless, the long time horizon, flexible compliance options, and use of standards based on footprint (rather than weight) have helped the U.S. CAFE standards improve vehicle fuel economy in recent years.

Conclusion

Vehicle performance standards are one of the best policies for reducing emissions in the transportation sector. When properly implemented, they drive down emissions year after year while achieving net savings for society. The best standards in the world are publicly known many years in advance, have built-in mechanisms to tighten the standards over time, are technology finding, and are resistant to gaming. Well-designed standards and proper enforcement will be a key part of the transition to a clean energy future.





CHAPTER SEVEN

Vehicle and Fuel Fees and Feebates

Along with performance standards, fees on fuel and inefficient new vehicles are among the best policies for reducing emissions from on-road vehicles, which make up 71 percent of emissions from the global transportation sector.1 Both fuel and vehicle fees have been widely used in the past, generating revenues for infrastructure projects such as road construction and public transit. With careful government investment of these revenues—targeting improvements such as urban mobility measures, efficiency, and research and development (R&D) for new clean energy and efficiency technologies—it is possible to magnify their impact and accelerate the transition to a zero-carbon future. Vehicle and fuel fees and feebates can provide about 1 percent of the reductions required in a two-degree warming scenario (Figure 7-1).

Policy Description and Goal

Fuel fees are taxes levied on vehicle fuels. They should reflect all negative externalities caused by fuels and should be implemented upstream in the supply chain. Revenues from fuel fees can be used to mitigate regressive impacts or to accelerate air pollution or greenhouse gas reduction programs.

Vehicle feebates provide a rebate to purchasers of efficient vehicles, funded by fees levied on purchasers of inefficient vehicles. For feebates to be effective, governments can reduce regulatory hurdles and minimize the effort involved in obtaining a rebate. Feebates should apply to all vehicles in the same class (e.g., all passenger light-duty vehicles).

Fuel fees and vehicle feebates can encourage increased new vehicle fuel economy while reducing vehicle distance traveled. Fees and feebates should be long-term policies with a clear implementation schedule. Their stringency (set points and strength) can be adjusted over time as technology improves. They can contribute at least 1 percent of cumulative emissions reduction to meet a two-degree target through 2050.

This chapter will cover three related types of policy:


	Fees charged on carbon-based fuels

	Fees charged on newly sold on-road vehicles, primarily passenger cars, SUVs, and freight trucks

	A feebate, a fee or a rebate for newly sold vehicles varying based on their efficiencies



Vehicle fees and feebates are most effective in helping reduce fuel consumption of on-road vehicles. Commercial airliners, large cargo ships, and trains have decades-long lifetimes and high manufacturing costs, and therefore a fee or feebate of sufficient magnitude to substantially affect the economics of buying and operating one of these nonroad vehicles over its lifetime may be politically difficult.
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Figure 7-1. Potential emission reductions from feebates. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Fuel fees, on the other hand, have an ongoing effect on the economics of aircraft, rail, and ships over these vehicles’ lifetimes and may be more effective at influencing manufacturers to improve nonroad vehicle efficiency. Significant improvements are possible; for instance, new aircraft designs could cut fuel consumption by up to 40 percent.2 However, because fuel and vehicle fees and feebates apply mostly to on-road vehicles today, the remainder of this chapter will consider only on-road transportation modes.

Fees on Carbon-Based Fuels

In some countries, fuel taxes are implemented at multiple levels: The national government, states or provinces, and localities can all charge taxes on fuels. In most cases, the fee is implemented as an excise tax, or a tax on a particular volume of fuel sold. (In contrast, a sales tax is based on the purchase price.) Some U.S. states have taxes that vary with the underlying price of fuel or other factors.3 Fuel taxes are levied on the seller, who often passes some or all of the cost increase on to consumers.

Fuel taxes influence drivers via two different mechanisms: how much to drive existing vehicles and which new vehicles to purchase. Fuel taxes increase travel costs, which will cause some people or businesses to reduce travel demands or shift trips to a different form of transportation (such as biking, walking, or public transit for people; or for freight, a more efficient mode per ton of goods transported, such as rail). This effect can happen quickly, because it does not require vehicle fleet turnover.

When a consumer or business is ready to buy a new vehicle, they may consider the cost of fuel when deciding which model to purchase. More fuel-efficient models will be more attractive if fuel prices are higher. Because this effect depends on the vehicle fleet turnover rate, fuel prices must be sustained at a higher level for an extended period (if not permanently) for this effect to significantly improve fleetwide fuel economy.

Fees on carbon-based fuels are particularly useful to counteract the rebound effect of improved vehicle efficiency. If vehicles become more efficient (perhaps because of vehicle performance standards or market demand for more efficient technologies), the cost of driving goes down. This induces people to drive more, which offsets some emission benefits of vehicle efficiency (about 10 percent for passenger vehicles4 and 15 percent for trucks5 in the United States). Fuel taxes can offset this rebound effect.

It is important to note that fuel fees are not likely to result in significant behavioral changes, at least at politically feasible levels. Therefore, fuel fees are particularly valuable as a revenue raising mechanism. Revenue from fuel fees can be used for other policies or programs, such as clean vehicle rebates or public transit infrastructure, which can further reduce emissions and provide the public with transportation alternatives.

Fees on Newly Sold Vehicles

In addition to applying fees to transportation fuels, some regions also charge a fee when new vehicles are purchased. This may come in the form of an excise tax or a permit to own and operate the vehicle in a given area. For example, the Shanghai region auctions permits for new vehicles, and permit prices can be considerably more expensive than the vehicle purchase price itself.6

Although a flat fee per vehicle can help encourage shifting to other transportation modes, it does not encourage purchasing more efficient cars over less efficient ones. However, a fee can vary based on car efficiency or fuel type to achieve this goal. For example, in Norway, high auto taxes are waived for battery electric vehicles, although these incentives have started to be phased out.7 Similarly, Denmark formerly waived its high taxes on new vehicle sales on electric cars, although a new, center-right government began phasing out this exemption,8 causing electric vehicle sales to drop 60 percent in 1 year.9 This illustrates the importance and effectiveness of these policies in affecting consumer buying decisions.
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Figure 7-2. Illustrative design of a feebate.

Feebates

A feebate is a fee combined with a rebate under one policy. Buyers of inefficient cars are charged a fee at the time of sale, and buyers of efficient cars receive a rebate. Regulators determine a policy target, referred to as a pivot point, as the efficiency level at which a car neither incurs a fee nor receives a rebate (Figure 7-2). The feebate rate (how quickly the fee and the rebate escalate as one moves away from the pivot point) and whether it is levied as a tax or rebate is then determined based on how much a new vehicle’s fuel efficiency is better or worse than the target.

The government may design the feebate with its revenue goals in mind. For instance, setting a higher efficiency target can make more vehicles pay the fee than will receive rebates, resulting in a revenue stream to fund public transportation or other government projects.

Conversely, setting the target at a level where the sum total of all fees in a year equals the sum total of all rebates paid can make the feebate revenue neutral. In order to maintain revenue neutrality, the target must be adjusted frequently to keep up with changes in the efficiencies of cars offered by manufacturers and the buying preferences of the public.

It is also possible to reward extremely efficient cars (those with fuel efficiency far better than cars at the target) by establishing an efficiency level beyond which the feebate offers an increased subsidy rate. Offering a higher subsidy rate for extremely efficient vehicles can help promote the development of more advanced efficiency technology.

When to Apply This Policy

Fees on Carbon-Based Fuels

Fees on carbon-based fuels can achieve three central goals of transportation vehicle policy: They discourage driving by making fuel more costly; they encourage the purchase of new vehicles because older, less efficient vehicles are more expensive to drive; and they encourage consumers to purchase more efficient vehicles (which also encourages manufacturers to produce more efficient vehicles) because they cost less to drive. Therefore, fees on carbon-based fuels are broadly applicable.

Fuel fees also help incorporate the social costs of fuel consumption, such as the contribution to climate change or health impacts, into the price paid by consumers. Additionally, revenues from fuel fees are likely to be substantial, and they can be reinvested in projects aimed at reducing the impacts of fuel burning (e.g., by decarbonizing the economy and providing medical services). For these reasons, fuel fees are an appropriate and effective policy.

Vehicle Fees and Feebates

Vehicle fees are useful to reduce demand for travel by car and, if the fees vary with fuel efficiency, help steer consumers toward purchasing more efficient vehicle models and manufacturers toward designing more efficient models. Because consumers sometimes strongly discount fuel savings when deciding which car to buy,10 fees and feebates can improve the efficiency of newly purchased vehicles by moving some of the economic impact upfront, where it may be considered more thoroughly by vehicle purchasers. A small fee on conventional fuel vehicles could also be used to create a sustainable budget for subsidizing electric vehicles and other alternative fuel vehicles.

Feebates are useful for incentivizing the development and deployment of new, more efficient vehicle models. By offering a payout that scales with efficiency, feebates reward buying the most cutting-edge, efficient vehicles. Manufacturers are incentivized to conduct R&D and manufacture more efficient models in order to take advantage of this rebate and sell more cars. This means feebates are a particularly good complement to vehicle performance standards, which are especially effective at improving the worst- or lowest-performing vehicles.

A flat vehicle fee, such as an annual registration fee, can be helpful for congested cities, such as Shanghai, where it limits the number of cars on the roads and generates substantial revenue for improving the attractiveness and convenience of other transportation modes such as walking, biking, and public transit. In contrast, a graduated fee or a feebate is best when the main goal is incentivizing the development and sale of more efficient vehicles, and it works better at a larger scale (such as national policy) than at the local or even the state level.

A feebate can lead to odd outcomes if it applies only to a specific region, because people who want to buy inefficient vehicles can purchase them from a neighboring region without a feebate. Meanwhile, people who want to buy efficient vehicles purchase them in the region where the feebate will benefit them. This phenomenon has actually happened in Shanghai, where residents purchase cars in neighboring provinces to avoid Shanghai’s expensive license plate fee. As a result, the government pays for many rebates while taking in little money in fees, thus not achieving the policy outcome of increasing the share of efficient vehicle purchases. Charging a fee upon vehicle registration rather than at the point of sale could help mitigate this loophole and ensure the feebate is more accurately enforced.

Detailed Design Recommendations

Policy Design Principles

The following policy design principles apply to vehicle and fuel fees and feebates.

Create a Long-Term Goal and Provide Business and Consumer Certainty

Fuel taxes should be levied indefinitely, because fossil fuel externalities do not diminish with time. Long-term fuel tax certainty empowers manufacturers to invest in R&D projects improving fuel efficiency, knowing there will be a market for these vehicles years down the road when they are ready. It also gives consumers a stronger incentive to buy more efficient vehicles. Consumers uncertain whether a fuel tax will be maintained in the future might buy a less efficient car in hopes the tax will be reduced or suspended.

Taxes and fees should always be indexed to inflation so they remain consistent in real terms. The tax may need to increase if vehicles become more efficient, to prevent the incentive from being eroded and to prevent an increase in driving caused by the rebound effect (discussed earlier). One option is to build in an adjustment mechanism that indexes the tax to the average vehicle fleet efficiency.

Vehicle fees and feebates should similarly be publicly known many years in advance to maximize their incentive effect and ensure that consumers do not hold off on purchasing a new vehicle in hopes of getting one when the fee lapses. Vehicle fees and feebates may not be permanent—for example, if the transportation fleet transitions to clean energy and if congestion in urban areas is no longer a concern—but because these goals are many years away, vehicle fees and feebates are likely to remain valuable policy tools for the foreseeable future.11

Price In the Full Value of All Negative Externalities for Each Technology or Use a Price-Finding Mechanism

Fuel taxes should price in the full value of all social harms. These include public health impacts due to local pollutant emissions, climate change impacts, congestion impacts, infrastructure impacts, and traffic accidents. Fuel taxes could also be applied on an energy-equivalent basis, rather than deriving the externality costs for each fuel, which could be difficult in some circumstances.12

Some of these negative impacts, such as traffic accidents, apply to all vehicles regardless of what kind of fuel they use. In these cases, a separate fee could be levied on all vehicles to cover those impacts, in which case it need not also be factored into a fuel tax.

A price-finding mechanism is most appropriate for vehicle fees in crowded urban areas where the maximum number of cars is known. Auctioning permits is a straightforward way to accomplish this.

Adjustment of the feebate pivot point is also price finding, because the adjustment accomplishes a specific revenue-related goal (e.g., achieving revenue neutrality or obtaining a particular amount of net revenue for other projects). The correct pivot point price is revealed by buyers’ choices.

The rate of a feebate might also be designed to be price finding. The policymaker first needs to identify a desired performance outcome—in this case, a specific magnitude shift in the efficiency of the average car sold. Then, various feebate rates can be tested, either in the real world or through studies, to find the feebate rate that achieves the targeted efficiency increase.

In some instances, particularly for vehicle and fuel fees, the additional charge may not result in large behavioral changes that eliminate the externalities. Therefore, these policies are particularly helpful as a revenue mechanism to create funding for rebates and other programs to promote the adoption of more efficient, cleaner vehicles and to pay for alternatives to car travel, such as public transit.

Eliminate Unnecessary Soft Costs

If significant regulatory hurdles to the purchase or operation of a vehicle exist in a given region, those hurdles could be lowered for particularly efficient or zero-emission vehicles, making it faster and easier to obtain these models.

For example, electric vehicles could receive expedited permit processing or a minimum number of permits in regions that conduct auctions for vehicle permits.

If a rebate is offered on efficient or zero-emission vehicles, the rebate can be handled by the dealer (or the manufacturer, in the case of manufacturers who sell directly to the public). That way, the dealer or manufacturer is responsible for submitting relevant government paperwork and simply includes the rebate value in the car price seen by consumers. However, careful monitoring is needed to ensure manufacturers do not game the feebate system under this approach by applying for the rebates and retaining the subsidy.

Capture 100 Percent of the Market and Go Upstream or to a Pinch Point When Possible

It should not be easy for manufacturers to substitute other types of fuel or vehicles that have similar negative externalities simply to evade fuel or vehicle fees.

If a fee is applied only to petroleum gasoline, and cars are capable of burning ethanol, this risks consumers switching to ethanol to avoid the fee. Therefore, fuel fees should be set on all carbon-based fuels, not solely on petroleum fuels or on gasoline. Fees should be based on pollution emission intensity (grams of each pollutant emitted per unit usable energy in each fuel) or carbon intensity of fuel so consumers are still encouraged to purchase the lowest carbon-emitting fuel type.

One of the main hazards to avoid is applying different fees, or a feebate with different pivot points, to vehicles distinguished by characteristics readily modified by manufacturers. For example, automakers started manufacturing and marketing SUVs to consumers partly because they were subject to weaker vehicle performance standards than were passenger cars.13 This led consumers to buy larger and less efficient SUVs, impairing the policy effect.

Ensure Economic Incentives Are Liquid

Rebates associated with feebates should be provided as an immediate discount on the vehicle’s purchase price or a promptly delivered cash payment.

If the payment is issued as a tax credit, even a refundable tax credit, the psychological impact of the rebate on consumers is diluted by separating it in time from the vehicle purchase. It also increases hassle by requiring consumers to take extra steps (on their tax returns) to receive it.

Additional Design Considerations

If vehicle and fuel fees are designed according to the principles described earlier, only a few remaining points must be tackled.

Mitigate Regressive Impacts of Fees

Like sales taxes, fuel and vehicle fees tend to be regressive; they disproportionately affect people with lower income. People with lower incomes spend a higher percentage of their income on transportation, and thus a higher percentage of their income goes into these fees.

Additionally, lower-income groups may have older and less efficient vehicles, causing them to buy more fuel per mile traveled, increasing the amount of fuel-based fees they pay.

Regressive fees can be mitigated through socially aware use of the resulting revenues. Revenues funding better public transit, particularly urban bus and metro systems serving low-income neighborhoods, provide alternative means of mobility to low-income residents at affordable prices. Funds can also be directed to nontransportation programs benefiting low-income residents, such as improving the quality of schools in low-income areas.

Another option is to rebate the fees to society as a flat payment to each person (a “dividend”) or a graduated dividend with higher values going to lower-income people. (Dividend payments should not be based on fuel use or fees paid in order to avoid eroding the incentive created by the fees.) With smart use of funds, the benefits to low-income residents can significantly outweigh added costs from fuel and vehicle fees.

Build Industry Support

Fuel and vehicle fees will be easier to enact, and face fewer legal challenges after enactment, if automakers do not oppose these policies. Although vehicle manufacturers are likely to oppose straightforward vehicle fees, they might not oppose a feebate if they believe rebates on more efficient cars can allow them to increase sales by a greater margin than the inefficient car fees will cost them. Right now the opposite tends to be the case: SUVs are the high profit-margin vehicles for manufacturers, and electric vehicles bring in much less profit.

Policymakers should discuss feebate design, such as the feebate rate and the pivot point, with the vehicle industry, attempting to assuage industry concerns. Placing the pivot point so the policy is slightly less than revenue neutral (meaning the feebate is a slight net expenditure) is one way to ensure that vehicle manufacturers, in the aggregate, benefit from the feebate.

Vehicle manufacturers might oppose fuel fees unless they are convinced they will not appreciably reduce demand for their products. Electric vehicle manufacturers, or other vehicles whose fuels are not subject to the fee, might see increased sales of those vehicle models.

Similarly, manufacturers that offer particularly efficient petroleum-powered car models might expect to gain market share from competitors and thus benefit from fuel fees. Manufacturers whose offerings consist of vehicle models that burn carbon-based fuels and are less efficient than competitors’ models are likely to be the hardest to convince to support fuel fees.

Case Studies

Federal Gasoline Taxes in the United States

The U.S. federal gasoline tax has achieved only a fraction of its potential because of poor policy design. The United States first imposed a gasoline tax of 1 cent per gallon in 1932. It has periodically been adjusted since then, most recently in 1993.14 The tax is not indexed to inflation, so over time the true tax value decays (the “real rate”), whereas the tax face value remains constant (the “nominal rate”). However, the tax burden on drivers is also affected by the efficiency of the vehicles they drive; vehicles that go farther per gallon of gasoline result in a lower tax bill per mile for drivers. Figure 7-3 shows the nominal rate, the real rate, and the real rate after adjustment for improving efficiency of U.S. cars since 1970 (indexed to 1970).
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Figure 7-3. Without adjusting for inflation, the U.S. gasoline tax has continuously lost value. (Image created from written description in Kevin McCormally, “A Brief History of the Federal Gasoline Tax,” Kiplinger, 2014, http://www.kiplinger.com/article/spending/T063-C000-S001-a-brief-history-of-the-federal-gasoline-tax.html.)

In real terms, the tax rate is slightly below historical average levels. However, as cars become more fuel efficient, the gasoline tax generates comparatively less revenue than it once would have at the same level. Because gasoline tax revenue is often used to fund infrastructure, the net effect has been less government funding available for road infrastructure construction and maintenance.

Before the interstate highway system, gas tax revenue was devoted to deficit reduction and war spending. In 1956, the Highway Trust Fund was established to help pay for the new interstate highway system, and all gas taxes were devoted to this fund.15

For a period in the 1990s, some of the tax revenue was again directed to deficit reduction, but this ended in 1997, because the tax was insufficient to maintain the solvency of the Highway Trust Fund. Since then, the gas tax has proven insufficient, and the Highway Trust Fund has lost money each year. The shortfall will reach $80 billion by 2018.16

One important problem with the U.S. federal gasoline tax is the failure to index it to inflation. If the tax had been indexed to inflation starting in the 1930s, no legislative action would have been necessary over the ensuing decades to maintain tax viability, and periods when the tax was allowed to decay for many years (such as 1959–1983 and 1993 to the present day) would have been avoided. This would also have helped ensure the continued solvency of the Highway Trust Fund.

The other major problem with the U.S. gasoline tax is that it does not capture the full value of social harms from driving a gasoline-powered vehicle. Although under the Highway Trust Fund the tax was designed as a means of generating revenue to maintain transportation infrastructure, not account for external costs to society, gas taxes should ultimately rise to the level of social costs generated by driving. To capture all social costs, the gasoline tax, alongside a fuel use tax, would together need to reflect:


	Climate change damages

	Premature deaths and illnesses from localized air pollutants

	Traffic accidents

	Congestion, lost time, and reduced productivity

	Subsidies and tax breaks received by the oil industry (because these are funded by taxpayers at large, a harm to society)

	Indirect subsidies received by drivers, such as free parking (the cost of which is borne by the government, at least on public roads and in public lots, which are taxpayer-funded)

	Military spending for purposes of protecting oil supplies



Government should strive to internalize the value of all externalities to the extent it is practical.

France’s Bonus-Malus Feebate Program

The largest automobile feebate program in the world is the French Bonus-Malus program.17 The program entered into force in January 2008 with three goals: steering buyers toward vehicles that emit less CO2, encouraging the development of new low-emission vehicle technologies, and accelerating retirements of old, inefficient vehicles. The pivot point of the feebate is automatically revised downward (requiring vehicles to be more efficient to avoid the fee) every 2 years, maintaining revenue neutrality.

Like most feebates, the Bonus-Malus program provides a rebate for efficient car buyers, maxing out at €6,300 for the most efficient vehicles, and a fee of up to €8,000 on the least efficient vehicles (as of 2016). The bonus cannot exceed 27 percent of the vehicle’s cost, and diesel vehicles are not eligible for a bonus.18 Unlike a traditional feebate, an annual penalty of €160 is assessed on owners of high-emitting vehicles, helping accomplish the goal of accelerating retirements.19 One downside to the program is its stairstep function, rather than continuous function, which has only slightly improved efficiency. Manufacturers responded by focusing on vehicles near the step points, allowing them to only incrementally increase efficiency while significantly increasing rebates.
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Figure 7-4. France’s feebate drove an improvement in the vehicle emission rate. (“Évolution du Marché, Caractéristiques Environnementales et Techniques des Véhicules Particuliers Neufs Vendus en France,” Agence de l’Environnement et de la Maîtrise de l’Énergie, September 2017, http://www.ademe.fr/sites/default/files/assets/documents/evolution-marche-vehicules-neufs-2017-8524.pdf. Historical fuel economy data in numerical form courtesy of Wikimedia under Creative Commons Attribution Share-Alike license.)

The Bonus-Malus program was successful in accelerating the rate of efficiency gains in the French vehicle fleet, as shown in Figure 7-4. Along with other regional fuel efficiency policies, France’s feebate contributed to a reduction of roughly 25 percent in CO2 emissions per kilometer through 2015.20

Conclusion

Fuel fees and vehicle feebates are powerful policies for decreasing emissions by reducing driving and by encouraging more efficient vehicles. Fuel fees should reflect the social harms of burning fuel. These fees reduce fuel use and provide a source of revenue to help fund urban mobility projects. A feebate is a powerful incentive to buyers and vehicle manufacturers to opt for more efficient vehicles, and the pivot point can be adjusted to achieve the government’s revenue goals. Together, fuel fees and vehicle feebates can help drive decarbonization of the transportation sector and usher in a clean energy future.





CHAPTER EIGHT

Electric Vehicle Policies

Today, mobility of goods and people is powered predominantly by oil. Most cars and motorbikes burn gasoline; most trucks and buses burn diesel fuel; and trains, ships, and aircraft typically burn other petroleum-derived fuels. To lower greenhouse gas emissions, it is crucial to deploy technologies that reduce emissions from the transportation sector—and from on-road vehicles in particular—quickly and at large scale. For example, Figure 8-1 shows the share of fuel use by vehicle type in the United States, with cars, light trucks, buses, and trucks making up on-road vehicles.

One promising technology to achieve decarbonization in the transportation sector is the electrification of on-road vehicles. Vehicle electrification policies can contribute at least 1 percent of cumulative emission reductions to meet a two-degree target through 2050 (Figure 8-2).

Policy Description and Goal

Electrification of on-road vehicles is an important part of decarbonizing the transportation sector. A number of policies can be used to encourage suppliers and accelerate consumer adoption, including rebates and subsidies, development of charging infrastructure, electric vehicle (EV) sales mandates, and consumer education. It is crucial that these policies be designed with a long time horizon, that subsidy rates keep up with technological progress, and that they be phased out gradually according to a schedule or formula set in advance. Programs in the U.S. state of Georgia and in China show the potential for policy to achieve success, as well as specific pitfalls to avoid. Good policy can hasten the day when EVs satisfy most on-road passenger transportation needs in cities around the world.

EVs offer two key benefits that help reduce emissions. First, EVs are three times as efficient as gasoline vehicles: 59–62 percent of the electrical energy is converted into power to turn the wheels, whereas a gasoline vehicle converts only 17–21 percent of the chemical energy in the fuel into useful work.1 Second, it is possible for electricity to be generated using zero-emission technologies, such as solar panels, wind turbines, hydro dams, or nuclear power plants, meaning the operation of an EV can have close to zero emissions.2
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Figure 8-1. U.S. transportation sector energy use by mode, 2015. (U.S. Energy Information Administration, “Annual Energy Outlook 2017,” n.d., https://www.eia.gov/outlooks/aeo/supplement/excel/suptab_36.xlsx.)
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Figure 8-2. Potential emission reductions from vehicle electrification. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

EVs also offer economic benefits to their owners. Their efficiency means that they cost little to operate: A typical electric passenger car can travel 43 miles for $1 worth of electricity.3,4 This is about one-fourth of the fuel cost of a typical 2016 gasoline-powered passenger car.5 Additionally, EVs have far fewer moving parts than vehicles with internal combustion engines (they typically need no radiator or transmission), so they are more reliable and need less maintenance.6

If EVs have so many benefits, why do we need policy to help promote their commercialization and deployment? There are two major barriers slowing EV deployment. First, although their costs are falling rapidly, EVs still cost more than similar gasoline or diesel vehicles. Second, EVs need sufficient access to charging infrastructure. Most EV owners do most of their charging at home, but this may be a challenge for households that lack access to electricity in a garage or off-street parking space. Workplace charging and public chargers can fill gaps where at-home charging is unavailable or insufficient for the length of a given trip. Policies to promote EVs typically aim at helping to overcome one or both of these barriers, or they provide other benefits (such as access to parking or expedited travel lanes) that increase the convenience of owning an EV.

Electrifying Buses and Trucks

Both light-duty vehicles, such as cars and SUVs, and heavy-duty vehicles, such as buses or trucks, can be electrified (Figure 8-3). However, because of different market characteristics, vehicle performance requirements, and level of technological maturity, policy considerations are different for electrification of buses and trucks than for passenger cars and SUVs.

Although the technology exists to electrify intracity buses, these buses are purchased primarily by government transit agencies, which are not responsive to the same pressures and incentives as consumers. Electric buses that draw current from guidewires were in use as early as the 1910s,7 but they need overhead infrastructure. Battery electric buses are a more recent invention, but they have a growing market share, with more than 200,000 electric buses sold in China alone in 2015 and 2016.8 In Shenzhen, the government just completed a full transition of its bus fleet, all 16,359 of them, to electric buses.9

The driving cycle of intracity buses has two key characteristics that make them highly compatible with battery electric drive trains: the prevalence of stop-and-go driving, which maximizes the value of regenerative braking, and regularly scheduled idle periods at specified locations, which offer an opportunity for high-voltage rapid recharging. U.S. electric bus maker Proterra estimates that half of new bus sales to transit agencies may be electric by 2025, and all may be electric by 2030.10 The development of this market can be facilitated by deployment-driven cost declines and by government procurement policies, which can take into account the air quality and climate change benefits of electric buses when making new bus purchases.

Electric trucks have been in use through the 2010s and have been focused on intracity uses, such as delivery vehicles that make many stops, as well as trucks used for port and airport operations. The driving cycles of these trucks share many of the characteristics of the driving cycles of intracity buses, making them good fits for electrification. Long-haul electric semi-trucks are still in their infancy and may someday achieve long ranges through systems involving leased batteries that are exchanged at battery swapping stations at truck stops along major routes.11 Increasing the penetration of electric trucks may depend heavily on policies that support research and development efforts that will deliver cost declines more rapidly (discussed in Chapter 14).
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Figure 8-3. Battery electric bus in service in Adelaide, Australia. (Photo by User: Orderinchaos (Own work) [CC BY 3.0] via Wikimedia Commons.)

Electrifying Motorbikes

In some countries, huge numbers of people ride motorbikes. Although motorbikes tend to be fuel efficient because of their light weight, they also tend to be heavily polluting because of their reliance on simple but dirty two-stroke engines and lack of emission control equipment, such as particulate filters. Governments may focus on promoting electric bikes as a substitute for traditional motorbikes, using the same policies discussed in this chapter in regard to passenger cars and SUVs.

The remainder of this chapter concerns primarily the electrification of passenger cars and SUVs.

Electrifying Passenger Cars and SUVs

This section discusses the policy options for increasing passenger car and SUV electrification.

Subsidies and Rebates

One of the most effective policies a government can use to encourage EV adoption is to directly subsidize the purchase of new EVs by businesses and consumers. For example, in the United States, the federal government offers a tax credit of up to $7,500 per electric or plug-in hybrid vehicle, and some states and utilities offer their own rebates on top of this amount. For example, Colorado offers the highest state tax credit, of $5,160 per EV.12 Subsidies are most effective when reflected in the sticker price seen by purchasers, so that they take the subsidy into account when making purchase decisions.

Subsidies are generally intended as a temporary measure, to help make the upfront purchase price of EVs more comparable to that of gasoline vehicles. Subsidies may be phased out as research on battery technology brings down the cost of batteries and increased EV production lowers per-unit manufacturing costs through economics of scale. EV batteries have followed a price reduction pathway similar to that followed by other technologies, and battery costs are projected to decline by almost half over the next 5 years, as shown in Figure 8-4. EV battery costs have dropped more quickly than most industry experts and modelers projected over the past 10 years.13

Cost declines do not happen automatically with time. They depend on the increasing deployment of technology delivering economies of scale and also learning by doing: producers gaining experience making EVs and finding opportunities where small changes to processes can reliably reduce inputs, increase outputs, improve quality, and so on. Subsidies help promote deployment in the early years, thus making possible the very cost declines that allow removal of subsidies later. Although subsidies may appear to be an expensive policy in the short term, they may save money for society in the long run by bringing down costs and helping EVs to more rapidly achieve cost parity with or become cheaper than gasoline vehicles.
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Figure 8-4. The price of electric vehicle batteries is expected to continue falling, as with other comparative technologies after product introduction. (Martin R. Cohen, “The ABCs of EVs: A Guide for Policy Makers and Consumer Advocates.” Data reproduced with permission from the Citizens Utility Board.)

In addition to subsidies for the purchase of EVs, government may offer subsidies in the form of reduced bridge or roadway tolls, or they may provide free electricity for charging vehicles at public charging stations. For example, the San Francisco–Oakland Bay Bridge toll is $6 during commute hours for most passenger cars, but EVs (along with carpools) are charged a reduced rate of $2.50.14 This saves roughly $900 per year for a Monday–Friday, noncarpool driver.

Expanding Charging Station Access

EV owners need access to charging stations: connections to the electric grid that deliver electricity to vehicles (Figure 8-5). There are three types of charging stations. Level 1 chargers supply U.S.-standard 120-volt alternating current (AC) and can provide a typical EV less than 10 miles of range per hour of charge.15 Level 2 chargers supply 240-volt AC and can transfer 10–30 miles’ worth of charge per hour, depending on the type of charger (there are several varieties).16 Level 3 or “quick” chargers can currently give a 240-mile-range EV 80 percent of its capacity in about half an hour. Most U.S. buildings have 120-and 240-volt connections to the grid, but level 3 charging typically requires installation of special equipment. All EVs are able to use level 1 and level 2 chargers, but only select vehicles are equipped to use quick chargers.
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Figure 8-5. An electric vehicle charging while plugged into power supply. (Photograph: franz12/Shutterstock.com.)

EV buyers who own their own homes and have a dedicated garage or off-street parking space may choose to have a level 1 or 2 charger installed. However, this option is not typically available to renters (comprising 43.3 percent of U.S. households, for example),17 who often do not have the ability to make upgrades to their building, or those who do not have a reserved or consistently available parking spot at which to install the charger. Similarly, owners of office buildings, shopping malls, and other commercial real estate may be reluctant to install charging equipment if they do not expect a financial return from doing so (e.g., by being able to charge higher rents to commercial tenants).

Government can make the process easier by offering rebates or tax incentives to individuals, multiunit residential buildings, and businesses that install chargers in parking areas. Subsidies may be made contingent on conditions such as public access to the chargers or participation in utility efficiency or smart charging programs.18 Local governments may change building codes to require that new or significantly renovated buildings above a certain size include a certain number or share of chargers in garages or parking lots.

Government may also work with companies to deploy chargers in public areas, such as city-owned parking lots or alongside streets. There are several ways to pay for these stations. For example, the government may solicit bids from private companies and directly fund the charging stations.

Public utility commissions, which regulate electric utilities, can also permit utilities to recover the costs of building a specific number of charging stations in the rates they charge to customers. Utilities can expect to recoup their investment in charging infrastructure through sales of electricity to vehicles and by using vehicle charging as responsive demand, to accommodate instances of short-term oversupply of power to the grid. Three utilities in California—San Diego Gas & Electric, Southern California Edison, and PG&E—received approval from the California Public Utilities Commission to deploy thousands of charging stations (including some in multiunit dwellings and at businesses). Utility regulators and stakeholders are beginning to recognize that transportation electrification can benefit all utility customers because the additional utility company revenue from EV charging can support operation and maintenance of the existing distribution infrastructure, helping reduce the need for future electricity rate increases.19

Either the direct incentive or utility EV program approach allows government to impose conditions on the program, such as a requirement to deploy a certain share of chargers in disadvantaged communities or a requirement to bill electricity for charging at special rates, which are often important considerations.20

Roadway and Parking Privileges

Another way government may increase the attractiveness of EVs is to provide nonmonetary benefits to EV owners, such as access to special travel lanes on highways during peak commuting hours. Similarly, the government may make special parking spaces available only to EVs—often the ones with charging infrastructure. These policies increase the convenience of driving and parking an EV.

The benefits of access to special travel lanes and parking spaces derive from the limited number of vehicles that may use these services. As EVs achieve higher market share, it may be necessary to withdraw roadway and parking privileges.

Consumer Education

Government or utilities may provide consumers with information about EVs, such as projected savings on fuel and maintenance, charging options, public databases of charging station locations, reduced air pollution, and available incentives.21 There is a need for high-quality, objective information about EVs. Dealers often steer buyers away from electric cars22 because they need almost no maintenance,23 and dealers make three times more profit from servicing vehicles than from new car sales.24 Some dealers have refused to allow prospective buyers to test-drive EVs,25 and others have played up perceived drawbacks such as range limitations26 and withheld information on the benefits of EVs. Government may provide information through partnerships with community and environmental organizations, awards for top electric vehicle sellers, print or online media, partnerships with utilities, and so on.

Zero-Emission Vehicle Mandates

A government may mandate that automakers sell at least a certain percentage of zero-emission vehicles or EVs. This is a technology-pushing policy, helping to ensure automakers are investing in zero-emission vehicle technologies and making the resulting products available to consumers. Automakers may comply with a mandate by making larger numbers of EVs and more models available for sale, promoting EVs via marketing or consumer education, and reducing the price of EVs until consumer demand is sufficient to allow compliance with the mandate. A zero-emission vehicle mandate may be based on tradable credits, allowing manufacturers that are unable to generate sufficient credits from their own sales to buy credits from other manufacturers. Unlike a subsidy, a zero-emission vehicle mandate does not require government expenditures, although a stringent mandate will incur costs to automakers in the near term.

California and nine other U.S. states participate in a program that mandates EV sales. Each automaker is required to sell a sufficient number of EVs to meet its zero-emission vehicle credit obligations. This translates to sales of EVs rising from 2 percent of overall sales in 2018 to 8 percent by 2025. The actual number of electric cars sold may vary, though, because automakers generate fewer credits for selling a plug-in hybrid with a gasoline engine, a vehicle that only partially runs on electricity, and more credits for a battery-EV powered exclusively by electricity.27 (Unfortunately, partial credits were cheap and easy to attain, leading to an oversupply of credits and reducing pressure on manufacturers to deploy zero-emission vehicles.28 The problems with oversupply illustrate the importance of careful policy design to ensure policy effectiveness.)

Zero-emission vehicle mandates are spreading worldwide. China, the world’s largest auto market, has announced its own zero-emission vehicle mandate, which will require 8 percent of automakers’ sales to consist of zero-emission vehicles by 2019.29 The European Commission is considering a similar mandate program for Europe.30

When to Apply These Policies

Although EVs are a new technology, they hold promise for both developed and developing countries, so all countries should be using policy to prepare for and facilitate a transition to EVs. That EVs fit well in developed countries may be unsurprising: Developed countries have the money to afford new technology, and EVs will be a crucial component of efforts to decarbonize the transportation sector and achieve aggressive greenhouse gas emission reduction targets. But EVs are a surprisingly good fit for developing countries as well:


	Most developing countries do not produce large quantities of oil or petroleum fuels domestically, so they must import the fuel for gasoline-and diesel-powered vehicles, sending precious cash abroad. EVs run on electricity, most of which is produced domestically, and they go much farther per dollar spent on fuel. This provides mobility services more cheaply, and more of the money spent on energy remains in-country.

	As they industrialize, many developing countries are suffering from terrible air quality. For example, air pollution in China and India kills millions of people per year.31 On top of the direct humanitarian and economic costs, air pollution makes cities undesirable places to live and work. This can be a drag on the development process. EVs reduce harmful air pollution in cities. Ideally, electricity will be supplied by zero-emission technologies such as solar, wind, hydro, and nuclear, but even natural gas emits very few particulates (the most damaging type of air pollution to human health). Even if the electricity for EVs is supplied by coal, the coal plants can be located far from population centers, whereas gasoline and diesel vehicles emit pollution in the hearts of dense cities, where more people are exposed to the pollution.

	Whether or not EVs are deployed, developing countries commonly seek to build out a robust electric grid, to supply their citizens with power. EVs can use much of the same grid infrastructure and can even help contribute to grid stability; For example, by varying their charging rates based on the needs of the grids during different parts of the day, EVs can provide a valuable grid service. A developing country whose population still largely lacks access to private vehicles may be able to leapfrog internal combustion engine vehicles in favor of EVs. This might allow countries to avoid investing in costly infrastructure for gasoline vehicles, such as pipelines, refineries, tanker trucks, and fueling stations.

	EVs are more reliable and have fewer moving parts than internal combustion engine vehicles, so they may need fewer repairs over their lifetime, lowering the total cost of ownership.



The biggest concern about EVs in developing countries is cost. Although EV prices are dropping rapidly, they remain more expensive to purchase than similar petroleum vehicles. The price gap is shrinking, however, and developing countries should plan their infrastructure and their policy for the long term, when EVs will be cheaper than internal combustion engine vehicles. Nonetheless, because of differences in grid readiness and in citizen and government resources, different policies are best suited to facilitate EV deployment in developed and in developing countries.

In developed countries, policy should focus on starting broad displacement of privately owned internal combustion engine vehicles by EVs. Expanding access to charging stations and facilitating deployment of at-home chargers (e.g., by ensuring a fast, efficient, and inexpensive permitting process for home installation) is a priority. Developed countries can afford to subsidize EVs, and EV subsidies have been used in many European countries, the United States, Canada, and elsewhere. Access to high-occupancy travel lanes on highways has proven to be a major factor in consumers’ purchase decisions, and EV sales mandates may be achievable by vehicle manufacturers.

In developing countries, it may be advantageous to begin by facilitating deployment of EVs in ecosystems and roles for which they are particularly well suited. For example, a government can choose to procure EVs for its vehicle fleets, and it may make subsidies or other incentives available for the electrification of corporate vehicle fleets, intracity delivery trucks, and trucks used in port operations. These are environments where purchase decisions are made by professionals who can take account of lifetime total cost of ownership of the vehicle, where the vehicles often return to a central location where they can be charged, and where vehicles have a stop-and-go duty cycle that maximizes the fuel savings from regenerative braking. Starting with EV deployment in specific ecosystems or roles also gives utilities time to prepare grid infrastructure for more widespread EV deployment.

When a developing country is ready to begin rolling out EVs to private citizens on a widespread basis, a feebate (discussed in Chapter 7) is one of the first policies to consider. A feebate can have a powerful effect on consumer choices, because it combines the effects of a tax and a subsidy, and it modifies the upfront purchase price, the most salient factor to most consumers (as opposed to the lifetime cost of ownership, because most consumers heavily discount or disregard future fuel savings). A feebate also is affordable for a low-resource government, because the feebate can be revenue neutral, unlike a pure subsidy.

Detailed Policy Recommendations

Policy Design Principles

The following policy design principles apply to EV policies.

Create a Long-Term Goal and Provide Business Certainty

When using subsidies to promote EV adoption, the subsidy rates and eligibility of different vehicles should be established and publicly announced at least several years in advance. When subsidies phase out, they should do so according to a schedule, also known years in advance. These steps prevent abrupt or unexpected changes in subsidy rates that can lead to sudden crashes in sales and harmful disruption to the automobile manufacturing industry. For example, when the U.S. state of Georgia abruptly repealed its $5,000 EV tax credit and replaced it with an annual $200 fee on EVs, registrations of new EVs plunged by 90 percent.32 Georgia’s tax credit is discussed in greater detail as the first case study in the next section.

If flexibility is necessary because of uncertainty in the rate of future technological advancement, the subsidy phase-out may be based on the cost differential between internal combustion engine vehicles and EVs of the same type (e.g., midsize cars, SUVs). In this case, the formula to be used to calculate the subsidy, rather than the ultimate subsidy value, would be publicized in advance.

Use a Price-Finding Mechanism

If a policymaker’s goal is to achieve a particular level of EV sales, it may be prudent to use a price-finding mechanism to determine the lowest subsidy rate that would achieve the desired sales level. This is not how EV subsidies are usually structured today, either because policymakers do not have a specific EV deployment target or because they have a particular quantity of funding that they are willing to spend on the subsidy program, which they are not willing to exceed, even if this will cause the target to be missed.

To make the funding for a subsidy program go as far as possible, the subsidy may be targeted at buyers who wouldn’t have purchased the vehicle otherwise. One approach is to target middle-income consumers rather than upper-income consumers or to limit incentives to lower-priced electric vehicles.

A price-finding mechanism may be applied to the deployment of EV charging infrastructure by soliciting bids from various providers. The company that presents the lowest-cost bid that provides the most chargers in the most useful locations may get the contract.

Eliminate Unnecessary Soft Costs

Policymakers should streamline the process of registering EVs and obtaining permits to install charging infrastructure in homes and businesses. To install a car charger, some cities require a new owner to submit a building permit, floor plans, electrical service load calculations, and other documentation, along with associated application fees.33 Utilities should ensure the electric grid is able to handle the load from EVs and precertify neighborhoods or other large areas, reducing or eliminating the need to perform load calculations on a case-by-case basis. Government may provide basic templates explaining key choices, such as where to locate a charger relative to the parked vehicle and whether to install a second electric meter (in places where a special, lower electricity rate is charged for electricity used to charge EVs).34

Apply the Policy to the Smallest Set of Actors That Achieves 100 Percent Coverage of the Market

If subsidies are used, they should be available to all EVs that meet certain performance requirements (such as a minimum battery size). In the United States, the federal EV tax credit phases out on a per-manufacturer basis once a manufacturer has sold 200,000 qualifying vehicles. Although no manufacturer has reached this limit yet, several manufacturers will soon,35 but the tax credit will remain available to other manufacturers for many years. This policy design may encourage each automaker to consider entering the EV market. However, it will lead to fewer subsidies going to manufacturers who are leading the market, which are generally the early movers that offer the least expensive or best-quality products. It is better for the market and for emission reduction if policies are manufacturer neutral and reward the best technology.

If 100 percent of the market cannot be targeted (perhaps because a country is in too early a stage of development), then high-impact use cases should be targeted first, such as short-haul commercial trucking, corporate or government vehicle fleets, taxis, or private vehicles in the most developed urban areas with better grid infrastructure support. This will help to lay a foundation to facilitate increasing penetration of EVs over time.

Other Design Considerations

Distributional Effects

Policies designed to maximize the adoption of EVs may have unintended side effects, such as exacerbating income inequality or favoring urban over rural residents. In California, households in the top income quintile received 90 percent of all EV tax credits,36 a transfer of general tax revenues to the highest earners. Policies that promote EVs also tend to have less impact on rural areas, where travel distances are longer and charging infrastructure is scarcer.

One way to limit the impact of EV promotion policies on inequality is to allow subsidies only for buyers (or lessees) with income below a certain cap or to limit subsidies to vehicles priced cheaply enough that they are available to the majority of citizens. Although EVs may be unlikely to become popular in rural areas in the near term (because of range and cost concerns), governments can prepare for eventual rural EV adoption by extending charging networks into rural areas. The best spots may be along major travel corridors such as highways, so that the chargers can be used by either local residents or passing motorists, improving their economics.

Additionally, it is worth noting that in some cases, policies that benefit primarily higher-income earners in the short term can benefit all consumers in the longer term. Early adopters, such as the first EV drivers in California, assumed the risk of buying an untested technology for which the supporting technological infrastructure—such as chargers—had not been widely deployed. This provided a market for EVs, helping manufacturers innovate and pushing EV prices down their learning curves, yielding cheaper products for the broader market in the future. Early adopters also contribute to social acceptance of EVs as capable and reliable vehicles, laying the groundwork for EV market development.

Case Studies

Georgia EV Tax Credit

In the 1990s, Atlanta was out of compliance with federal air quality standards for ozone, and vehicle emissions were primarily responsible.37 In 1998, the legislature passed a $1,500 tax credit for alternate fuel vehicles, which was increased to $2,500 for all low-emission vehicles and $5,000 for zero-emission vehicles over the next 3 years. The tax credit applied to buyers and first lessees of EVs. At the time, the bills were uncontroversial.38

As years passed, EVs became more widely available and declined in cost. The tax credit was successful at helping EVs gain a foothold in Georgia, particularly in Atlanta, where the range limitations of early EVs were less problematic than in rural areas. By mid-2015, Georgia had more EVs in service than any other U.S. state except California.39

EV costs declined and availability increased during this period. In 2015, one of the least expensive EVs, the Nissan Leaf, had a sales price of $30,000, or $22,500 after the $7,500 federal tax credit. Dealers began offering 2-year leases for as little as $199 per month. Georgia’s $5,000 tax credit, spread over 24 months, could cover the entire cost of the lease.40

The ability to essentially own an EV for free drew the ire of legislators representing rural portions of the state, who portrayed the policy as “giving free cars to Atlanta yuppies.”41 EV advocates recommended cutting the tax credit in half, then phasing the remaining half out over 3 years.42 Going even further, the state passed a bill that terminated the tax credit abruptly and also imposed an annual $200 fee on EVs, the steepest such fee in the country.43 As a result, the market crashed, with registrations declining by 90 percent.44

This was a desired outcome for Rep. Chuck Martin, the legislator who sponsored the bill to repeal the tax credit, who stated that the drop-off in sales “vindicates that the credit needed to be removed.”45 However, it is not a good result for the future of EVs in Georgia, nor for mitigating climate change.

Several lessons can be drawn from Georgia’s experience. First, subsidies must be revisited at known intervals to keep up with technological change. Georgia’s subsidy rate, set to $5,000 in 2001, became overly generous more than a decade after it was enacted.

Second, the policy failed to account for distributional effects (described earlier). For example, if some of the benefits had accrued to rural areas, it might not have garnered so much opposition.

Third, abruptly ending a subsidy policy can cause a dramatic shock to the EV industry. Financial incentives should be phased out according to a multiyear schedule (potentially linked to the cost differential between gasoline vehicles and EVs, as noted earlier).

Fourth, when a subsidy is offered to a lessee rather than a buyer, it may be prudent to spread out the value of the subsidy over time. When the entire subsidy is provided to the first lessee, this makes the car cheap to lease for the first lease term, but the lessor may have difficulty leasing or selling the vehicle when that term expires because the subsequent lessee or buyer will not get any tax credit. A policy that (for example) awards only 20 percent of the tax credit to a lessee per year would ensure that the benefits are spread out among the first 5 years’ worth of lessees (or buyers, if the car were sold within the first 5 years).

China’s EV Subsidies

In 2009, China adopted an ambitious plan to become the world leader in EV technology and manufacturing. The plan included large subsidies for EVs sold in the domestic market, and the central government ordered State Grid, the Chinese electricity system operator, to install charging stations in major cities.46

Chinese manufacturers began producing EVs in large numbers. To keep EV prices as low as possible, an important goal in the price-sensitive Chinese market, companies designed EVs with poorer performance characteristics than those sold in many other countries. A typical Chinese EV may have a range of 120 miles and a top speed of 60 miles per hour (Figure 8-6).47 However, these limitations have been acceptable to Chinese consumers, who drive primarily short distances in cities, where top speeds are limited by traffic.48
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Figure 8-6. The Roewe E50 is an electric vehicle released by Chinese manufacturer SAIC Motor in 2013. (Photo by Navigator84 [Own work], CC BY-SA 4.0, via Wikimedia Commons.)

A top selling model in China in 2017, the Chery eQ, costs 60,000 yuan ($8,655) after subsidies. Without subsidies, the price would be 160,000 yuan ($23,080).49 The Chinese government also exempts EV owners from vehicle ownership taxes,50 which can be very expensive, sometimes costing more than the vehicle itself.51

Because of the availability of these extremely cheap EVs, the market boomed. Today, China possesses 38 percent of the world’s EVs, more than three times as many as the United States.52 2016 sales were 507,000 units, more than twice the sales in Europe and more than four times the sales in the United States.53

The subsidies have “helped cultivate a gold-rush mentality,” with more than 200 manufacturers, some of whom have little expertise in building high-quality vehicles, hurrying to sell hastily constructed EVs in order to pocket the subsidies.54 The value of the subsidies also enticed some manufacturers to commit fraud by illegally registering vehicles, using smaller batteries in production than in testing, and falsifying sales figures.55 To remedy these problems and force manufacturers to improve the quality of the vehicles they sell, the Chinese government has begun improving enforcement, mandating better energy consumption and driving distance in order for vehicles to qualify for subsidies,56 and will phase out its EV subsidies by 2020.57 The central government has also capped the level of subsidy that provincial governments may offer for EVs.58 Going forward, China is considering instead using a zero-emission vehicle mandate modeled on the California mandate59 discussed earlier, which will obligate vehicle makers to continue the transition to EVs without providing financial reward to firms making low-quality products.

Improving EV quality will be crucial for Chinese manufacturers to expand their sales into foreign markets, a goal of GAC Motor and BYD, two of China’s biggest EV manufacturers.60

Using a combination of generous subsidies and government-mandated charging infrastructure buildout, China was able to become the world leader in EV deployment in half a decade. By taking steps to improve vehicle quality and withdraw subsidies gradually, according to a schedule announced years in advance, China is well set to avoid a dramatic crash in EV sales, such as that experienced after the sudden withdrawal of subsidies in Georgia. If the Chinese policies had required better performance in order to qualify for subsidies earlier in the lifetime of the subsidy program, they might have avoided the proliferation of companies making low-quality EVs, saved government money, and prepared Chinese EVs for export to developed markets more quickly. Despite this flaw, the Chinese program has been successful at achieving its goal of making China a world leader in EV manufacturing.

Conclusion

Electrification of on-road vehicles will be an important part of decarbonizing the transportation sector. Although EV technology has come a long way, it still needs government policies to accelerate adoption, at least in the near and medium term. Key techniques for policymakers include rebates and subsidies, development of charging infrastructure, and consumer education. It is crucial that these policies be designed with a long time horizon, that subsidy rates keep up with technological progress, and that they be phased out gradually according to a schedule or formula set years in advance. Programs in Georgia and China show the potential for policy to achieve success and specific pitfalls to avoid. With well-designed regulatory incentives and cost declines from advancing technology, quiet, zero-emission EVs can quickly become a common sight in cities worldwide.





CHAPTER NINE

Urban Mobility Policies

Many cities are clogged with traffic, a problem that will only get worse as cities grow and the world continues to urbanize. In 2010, 76 percent of people in developed countries and 46 percent of people in developing countries lived in urban areas; by 2050, these percentages are projected to grow to 86 percent and 64 percent, respectively.1 Traffic congestion in cities causes severe impacts on residents and on society at large, including increased greenhouse gas and conventional pollutant emissions, lost time and productivity, and increased transportation costs. Infrastructure is long lived, so poor choices made today will set energy use patterns and affect residents for generations to come.

Smart policies to enable alternative forms of urban mobility and reduce the number of vehicles on the roads can improve quality of life while dramatically cutting transportation sector emissions. Several types of policy can contribute to this goal. Not every policy will be well suited to every city (e.g., some cities are rapidly growing, whereas others are already largely built out), so each city should enact the policies that best suit its physical, economic, and political circumstances. This chapter discusses key policies in a global context. For country-specific policies, see “12 Green Guidelines,”2 a paper authored by Energy Innovation and China Development Bank Capital, or, in Chinese, the much more detailed handbook Emerald Cities3

Urban mobility policies can contribute at least 2 percent of cumulative emission reductions, in line with a two-degree scenario by 2050 (Figure 9-1). It’s worth noting that these policies can be difficult to measure, and reductions could be significantly higher.

Policy Description and Goal

Well-designed cities are people oriented and provide robust transportation options, whereas poorly designed cities can create gridlock and poor air quality. The key policies for excellent urban mobility are well-designed, well-funded public transit; mixed-use and transit-oriented development; measures to facilitate biking and walking; compact and infill development; and vehicle control. The value and design of these policies are likely to vary with a city’s size. Key considerations for urban mobility policies include regional coordination, acquiring funding for major infrastructure projects, and overcoming political opposition. Case studies include bus rapid transit in Guangzhou, China; transit-oriented development in Curitiba, Brazil; support for bicycles in Copenhagen, Denmark; and congestion pricing in London, UK.
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Figure 9-1. Potential emission reductions from urban mobility. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Well-Designed, Well-Funded Public Transit

For cities of all sizes, public transit is the backbone of the transportation system, particularly during busy commute hours when roadways are at or over capacity. For public transit to succeed, it must be a first-class option—a travel mode people prefer because it provides a better experience and a higher level of service than driving alone in a private vehicle.

Metro (subway) systems can provide a high level of service, but they are very expensive to construct, which can be prohibitive for many cities. Bus rapid transit systems (Figure 9-2) can provide similar benefits and performance to metro lines and cost dramatically less—such systems are more than 90 percent cheaper than an underground subway.4

Good bus rapid transit systems are not just a collection of “express” buses with limited stops. A high-quality bus rapid transit system will have station platforms with fare gates so riders may pay when entering the station, not as they board the bus, thereby speeding up the boarding process. Stations should be built to bus boarding height. The buses should have whole walls of doors, like a subway car. With passengers already in the station and the bus open for boarding with no stairs and many doors, boarding and exiting are just as fast as a subway.
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Figure 9-2. Bogotá’s bus rapid transit system features dedicated bus lanes and preboarding fare collection. (Photo by Karl Fjellstrom, Far East Mobility, CC BY-SA 4.0, via Wikimedia Commons.)

Bus rapid transit buses should have their own dedicated lanes so they are not slowed by traffic, and they should carry transponders that optimize traffic signals to accommodate approaching buses. Both bus rapid transit and traditional public buses should use real-time tracking to provide passengers with information on arrival and departure times. This is especially important in small and midsize cities, where public transportation options tend to run less frequently given the fewer number of passengers.

More broadly, transit systems should be coordinated so passengers can easily switch lines and modes. Multimodal systems are becoming even more important as bike-share, car-share, autonomous vehicles, bus rapid transit, light rail, metro, and other modes are all becoming part of the transportation mix. Integrated fare systems, shared structures (e.g., a single terminal for different modes), and parking management are important elements of a well-integrated transit system. Transit centers should also contain bike-sharing stations and bicycle parking and be designed for walkability to facilitate switching to non-motorized modes of transport.

Coordinating different transit modes is essential for getting the whole system to work, especially including connectivity to public transit as the backbone of the system. Information technologies can also improve the transit experience. Real-time data on vehicle locations can reduce the time passengers wait for a transit vehicle and can assist in optimizing dispatch. A universal smart card can streamline passengers’ payment across all regional transit systems and vehicle types.

Increasingly, ride-share applications such as Uber and Lyft are becoming a central part of transit in cities. Although it is important for cities to plan and optimize around these growing forms of transportation, they are not and should not be thought of as replacements for traditional transit systems. Relying heavily on these services in lieu of other transit options, such as buses or light rail, can lead to large negative impacts. For example, in New York City, ride-sharing apps have made traffic much worse.5

Mixed-Use and Transit-Oriented Development

The goal of urban mobility is not to allow people to cover the maximum number of miles, whether by bike or car, but to create access to what people need every day. Smart urban planning can reduce the number of trips people make and, when people do travel by vehicle, can shift some of those trips onto transit vehicles. Mixed-use zoning locates residential, commercial, and other uses (e.g., community services, healthcare, education) in the same area. Residents of a mixed-use neighborhood are able to reach many different types of amenities without a vehicle. This reduces the number of trips needed for tasks such as grocery shopping, dining at a restaurant, visiting a bank, and so forth. Some employees of the businesses in mixed-use areas will choose to live in the area, eliminating commute trips as well. Mixed-use zoning also creates a vibrant, walkable streetscape and can be particularly beneficial to elderly and disabled people who may have trouble traveling long distances.

Transit-oriented development involves zoning for high densities near metro stations and along transit corridors. Many people are not willing or able to walk far in order to get to trains; the walking distance to the nearest high-capacity transit center should be no more than 1 kilometer (a little over a half-mile).6 By ensuring most residences and places of employment are located near convenient transit options, a city can minimize the number of trips people choose to take using private vehicles. Density should be matched to transit capacity, with the highest densities near large stations that can accommodate the resulting flux of travelers. Areas around stations should be walkable and include mixed uses, because high foot traffic around transit stations can benefit the nearby retail outlets.

Development should be inclusive. Specifically, this means ensuring connections to affordable housing, which is often placed farther out of the city center with less access to transit for the people in greatest need of service.

Biking and Walking

The most vibrant and livable cities around the world are those that boast an attractive environment for walking and biking. These nonmotorized modes of travel emit no pollution and offer public health benefits by increasing people’s physical activity. Their space efficiency also reduces the amount of land needed for parking lots and structures, parking alongside roadways, and travel lanes. This allows more of that space to instead be devoted to people (parks, shops, offices, and so on).

Cities should include dedicated biking and walking paths that are protected from motor vehicle traffic. Certain streets, particularly those lined with shops and restaurants, can be changed to pedestrian boulevards that limit or prohibit the use of cars. Sidewalks should be wide and feature amenities such as trees, benches, and high-quality lighting to increase the appeal of walking. In some cases, city transportation infrastructure or right-of-way that is no longer in use can be converted for biking or walking, such as Chicago’s 606 elevated trail (Figure 9-3) or New York City’s High Line.

Street layout also has a strong effect on walkability (Figure 9-4). Interconnected street networks with small block size and smaller streets maximize a neighborhood’s walkability and bikability. Layouts with wide streets and large block sizes (as in many Chinese cities), as well as poorly interconnected street layouts with winding roads and cul-de-sacs (as in many American suburbs), increase the average distance to reach a destination. They also tend to funnel more cars onto fewer streets, which increases traffic congestion despite the greater width of these arterial streets.

Compact and Infill Development

A city sprawls outward when developers build on the city’s periphery, often converting greenfields (e.g., farm fields, pasture, and wilderness) into roads, houses, and buildings. Because the cost of land on city outskirts is low, developers tend to use larger lot sizes, building widely dispersed houses with large yards. These areas can lead to car dependence, because many homes are too far away to easily walk or bike to common destinations.

Developers should instead be encouraged to build on unused or low-value land already within the developed footprint of the city, such as building on empty lots or surface parking lots, replacing abandoned or low-value structures with taller and better ones, and renovating historic buildings that have fallen into disuse.
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Figure 9-3. Chicago’s 606 multiuse trail was previously an abandoned rail line. (Photo by Victor Grigas [Own work], CC BY-SA 4.0, via Wikimedia Commons.)

One of the strongest tools to achieve compact and infill development is an urban growth boundary: a line encircling a city beyond which development is not permitted (except for certain uses, such as farms and parkland, which are not part of the city’s footprint), like the Green Belt in London, UK.7 The urban growth boundary can be expanded periodically by an act of the city or regional government if opportunities for infill development grow scarce. Other tools to promote infill development include reducing impact fees (fees levied by cities on developers of new projects to fund expansion of city services, such as extra police, school, and firefighting capacity) and expediting the application process and other paperwork for infill projects.
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Figure 9-4. The effect of street layout on average travel distance.

Vehicle Control

Vehicles cause large social impacts, including harms to public health, traffic accidents, and lost time and productivity due to traffic congestion. Vehicle control policies seek to reduce the number of vehicles on the road by either discouraging car owners from driving in dense urban areas (by making it more inconvenient or expensive to do so) or optimizing vehicle routes to reduce congestion.

The simplest and cheapest form of vehicle control is parking management. Cities may reduce the quantity of parking or charge higher parking fees. This allows more land to be devoted to other uses and imposes a financial penalty for using a car to reach a busy part of the city. With new technology, parking fees can vary based on usage, so it becomes more expensive to park as fewer parking spaces remain available. This helps ensure parking capacity is rarely, if ever, exhausted. Parking management is easier and cheaper to implement with various sensors and information technology systems than many other forms of car control, and it can create revenue for other transport investments.

Congestion pricing imposes a fee on drivers entering the city center or other crowded areas, particularly at peak hours. Crowded roadways may also be managed with congestion pricing—effectively converting them into toll roads whose fees vary with congestion level.
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Figure 9-5. Cornelius, Oregon’s urban growth boundary has encouraged infill development and protected surrounding open space. (“Cornelius, OR,” Map. Google Earth. Google, September 12, 2016.)

Another form of vehicle control involves limiting the number of vehicle registrations. Permits can be distributed by lottery, which is fairer for all socioeconomic classes, or by auction, which generates revenue the city can spend to improve urban mobility for lower-income groups and other residents who do not use cars.

Cities may also impose zoning restrictions capping the number of parking spaces in new developments at one (or fewer) per household so these developments will attract residents who prefer to live with just one car (or none at all).

When to Apply These Policies

Every urban area should be integrating forward-thinking urban mobility goals into its development plans. Designing policy correctly from the outset can prevent urban sprawl and lead to a pattern of infrastructure development and urban form that will promote compact growth, maximize walkability, and increase quality of life for residents (Figure 9-5).

The right policies to promote smart urban development depend on the physical characteristics, size, and growth patterns of the city or region where the policies are to be enacted. The policies recommended in this section use population figures that are intended as rough guidelines. In practice, different population levels, density, transit demand, and income level may make some policies more cost-effective than others. The following policies also apply best to towns or cities that are growing or developing in population or economic size, rather than static or shrinking towns and cities.

Towns and Cities of All Sizes

All towns and cities should develop and maintain comprehensive land use and transportation plans. Plans help ensure that development occurs in a thought-out way, and they can concentrate development along existing or future transit corridors. The process of developing a plan should involve public input, and it can increase the local government’s confidence that its direction and vision are supported by most residents. The plan can then serve as a guide for zoning decisions, for public infrastructure construction, and for private residential and commercial development.

Towns and Small Cities (40,000–200,000 People)

A town should establish an urban growth boundary early in its development. Open lands around the town may still be plentiful, allowing a boundary to be drawn with less political contention and less chance of cutting off “islands” of preexisting development beyond the new boundary. Encoding infill and high-density development into the town’s DNA from the beginning will help set residents’ expectations about the character of the town and facilitate the establishment of a vibrant and walkable downtown district.

At this size, a town is too small to support the investment necessary for urban light rail infrastructure, unless it is situated near a larger city and can be served by an extension of that city’s rail system. Towns at the smaller end of the scale may be too small to justify a bus rapid transit system, because it may be possible to quickly traverse the whole town with regular bus service. A town should start with regular urban bus service. As it grows, one or two bus rapid transit lines may be established, which serve the main corridors of the town, including the central business district and the densest concentration of residential neighborhoods.

The most cost-effective period in a town’s lifecycle for the government to secure rights-of-way for future infrastructure projects is when the city is still small and land values are still low. Forward-thinking acquisition of rights-of-way can allow the future development of surface rail infrastructure, which is much cheaper per mile than underground or elevated trains. This is also the best time to build biking and walking paths (Figure 9-6), which are inexpensive and can be especially useful for smaller towns, which can often be traversed effectively by bicycle.

People who live in towns of this size often need to drive elsewhere for services, so car control measures, such as limiting the number of vehicle permits or residential parking spaces, are not appropriate. Instead, local government should zone commercial areas, especially the central business district, to encourage pedestrian-friendly storefronts positioned against the sidewalk, while disallowing or at least discouraging strip malls with large surface parking lots, big-box retail, and drive-through restaurants. Parking in the central business district should be provided by city-owned parking structures, which charge a modest fee for parking, rather than by situating parking spaces in front of every shop and restaurant.

This is a crucial time in a town or city’s lifecycle to begin encouraging compact and mixed-use development. Cities should zone for several-story buildings downtown, featuring ground-floor commercial space below multifamily residences. They should include aesthetic streetscape improvements such as trees, benches, and decorative lighting and should integrate parks and green-space into the town, including its central business district.

Midsized Cities (200,000–500,000 People)

At this size, a city should make a serious and sustained commitment to high-quality, dedicated-lane bus rapid transit service or a light rail system. Devoting lanes to bus rapid transit or making space for rail lines and stations becomes more expensive and difficult at larger sizes, especially if a sprawling development pattern has been established (e.g., in Atlanta, Georgia and Nashville, Tennessee). The benefits of public transit should be clearly communicated to residents, including economic returns, public health, and less time spent waiting in traffic.

This is also an appropriate size for a city to commit to transit-oriented development projects featuring high-density, mixed-use buildings in proximity to light rail stations and other transit hubs (Figure 9-7). If an urban growth boundary is in use, it should be expanded only gradually and deliberately. Infill development can be encouraged through floor area ratio bonuses and expedited permitting.8 Building upward, not outward, should be established as part of the city’s character to reduce future opposition to development at the density needed to maintain a city’s walkability, livability, and affordability as it grows. Building height limits are usually a bad idea.
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Figure 9-6. The central business district in Breckenridge, Colorado. (Photo courtesy of Pixabay via CC0 Creative Commons, Breckenridge, Colorado, Town, City, Photograph, accessed January 10, 2018.)

A city should continue to develop biking and walking paths and, at this time, also consider establishing pedestrian-only streets, which can create vibrant areas for residents to visit and shop.

Large Cities (500,000–2 Million People)

At this size, a city needs a robust, well-developed public transit system. Investments in light rail and bus rapid transit systems may now be augmented with traditional metro (heavy rail) services. In dense areas, this may include elevated or underground tracks. Tunnel boring technology has become cheaper in recent decades and allows deeper tunnels and stations that do not follow the street grid, minimizing disruption during construction.9 Planning for continued growth should be heavily influenced by available and anticipated public transit routes, which will increasingly serve as the city’s backbone. As the number of public transit and nonmotorized travel options grows, it is increasingly important for new projects to be designed and built to connect with existing forms of transportation (Figure 9-8).
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Figure 9-7. Transit-oriented development in Plano, Texas. (Photo by David Wilson from Oak Park, Illinois, CC BY 2.0, via Wikimedia Commons.)

Aside from parking fees, which can work in smaller towns, this is the city size at which car control measures start to become viable. Cities should start limiting the amount of parking provided with new residential developments, particularly in denser areas that are well served by transit.
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Figure 9-8. The Volkstheater Metro Station in Vienna, Austria. (Photo by Leandro Neumann Ciuffo [Estação de metrô] CC BY 2.0, via Wikimedia Commons.)

Cities should continue to encourage infill, mixed-use, and transit-oriented development through appropriate zoning, expedited permitting, and floor area ratio bonuses for buildings in high-priority areas.

Megacities (More Than 2 Million People)

At this size, some of the strongest car control policies become viable, including limits on the overall number of vehicles that may be registered, as well as taxing all vehicles entering the city center or central business district during peak hours. Bus rapid transit and light rail systems continue to be helpful, but they are likely to become insufficient, so it will be necessary to provide a high-capacity metro system capable of moving hundreds of millions of riders per year.

Tax-increment financing may be particularly useful to fund transit expansion. Tax-increment financing is a funding mechanism in which future increases in property tax revenues in a given district are devoted to paying off debt incurred for a civic project in that district. Because projects funded with tax-increment financing can increase the property values of nearby buildings, and megacities are dense and have high property values, even a small percentage increase in property values may generate a substantial amount of revenue.
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Figure 9-9. Café seating along the Chicago Riverwalk in Chicago, Illinois. (Photo by Serge Melki from Indianapolis, USA [Café by the river—Chicago], CC BY 2.0, via Wikimedia Commons.)

Acquiring land for biking and walking paths is often very expensive in megacities, but cities can impose requirements on private developers to provide paths or greenspace as part of their developments. For example, Chicago has expanded its pedestrian riverwalk in part by requiring all buildings constructed along the relevant section of the Chicago River to extend the riverwalk across their property (Figure 9-9).

Detailed Design Recommendations

Policy Design Principles

The following policy design principles apply to urban mobility policies.

Create a Long-Term Goal and Provide Business Certainty

Cities should not leave urban form to chance: They should draft forward-looking urban plans that will result in smart development and meet the needs of residents. Putting guidelines in place early will pay dividends by sustaining (and even accelerating) economic development and by guiding that development in a pattern that is consonant with sustainability and the city’s values. Plans should account for long-term projections of population growth to ensure that investments made today will serve the city’s future needs and will not lock in unfavorable energy use patterns. Developers should have clarity about what they can expect from the city, including any rewards for building in accordance with the plan. For example, such a reward might be an increase in maximum floor area ratio for transit-oriented developments.

Price In the Full Value of Negative Externalities

Vehicle traffic causes substantial social harms. When making investments in transit, enforcing congestion charges, and levying vehicle registration and parking fees, the city should remember that these interventions help offset some of the costs drivers cause that are now borne by society. Pricing should reflect social harms at multiple scales: global (climate change), regional (public health damages), and local (traffic congestion).

Eliminate Unnecessary Soft Costs

Particularly for projects that are in line with the city’s plans, such as transit-oriented, high-density, mixed-use developments, the city should expedite permitting, minimizing uncertainty and cost for developers. Public transit systems should be coordinated and constructed with neighboring towns and cities, resulting in a unified regional transit system instead of a patchwork of local systems.

Zoning ordinances should be used to highlight areas for high-density, mixed-use development. Good zoning can help developers avoid the costly and time-consuming process of obtaining zoning variances for particular projects.

Additional Design Considerations

Because of the diversity of urban mobility policies, cities must take many considerations into account, but the thorniest ones tend to fall into three categories: the need for regional coordination, the need to obtain funding for infrastructure projects, and the need to prevent or overcome political opposition to the urban mobility policies. Each will be discussed in turn.

Regional Coordination

Most towns and cities are near other towns and cities. The effectiveness of some of the urban mobility policies discussed in this chapter can be compromised if they are adopted by only one town and ignored by others. For example, an urban growth boundary is not helpful if the resulting greenspace is gobbled up by a neighboring town and used for low-density development. Similarly, transit systems can best serve the largest number of people if the needs of residents throughout the region are taken into account in planning lines and routes.

The best way to ensure regional coordination is through a higher-level authority, which can mandate that towns and cities work together to achieve specific goals. For example, Oregon requires each of the state’s cities and metropolitan areas to establish an urban growth boundary. The Portland area has a single Metro Council that reviews and adjusts the urban growth boundary every 6 years.10 California’s Sustainable Communities and Climate Protection Act of 2008 requires each of the state’s metropolitan planning organizations to prepare a “sustainable communities strategy.” These plans cover land use, housing, and transportation, and they must indicate how each region will achieve specific greenhouse gas reduction targets.11

In areas where a higher-level authority does not exist and cannot be easily created, political leaders and urban planners from towns and cities throughout a region may still come together in a looser coalition to establish shared goals and create regional plans.

Funding

Some of the urban mobility policies—particularly those involving the construction of public transit, walking and biking paths, and streetscape improvements—are typically funded by the government, often by issuing bonds. Public transit projects easily pay for themselves in social benefits: One transit study in Chicago showed a 21 percent annual rate of return, which rises to 61 percent if coupled with transit-oriented development.12 But whatever rate of return cities might expect, they often find it difficult to come up with the necessary initial investment. It goes without saying that once a project is funded, it is critical that the project continue to receive funding in each budget cycle. Failure to continue adequately funding transit projects can result in significant degradation of these projects over time. Governments may consider a variety of approaches to obtain the necessary funding:


	Prioritize funding for public transit projects over those that benefit private vehicles. Public transit improvements, including for nonvehicle transit (e.g., bike lanes), reduce the amount of infrastructure needed to support vehicles. Funding that would have gone to building and maintaining new roads may instead be redirected to transit projects.

	Issue bonds for a specific project. In some regions, the government will issue bonds to raise revenue for infrastructure projects. Bonds are typically paid back through taxes (e.g., sales tax or property tax) or through revenues generated by the funded project (e.g., toll fees). Bonds are widely used by U.S. cities and states and are beginning to be deployed by development banks in many countries.

	Use tax increment financing to finance improvements, which involves the city borrowing money for a civic project, such as constructing a transit station or park. The presence of this new amenity increases the property values of nearby homes and businesses, which in turn increases the amount of property taxes they pay each year (although the property tax rate is unchanged). The loan is paid off with the proceeds from the increased property tax revenues from the surrounding properties.

	Use proceeds from impact fees to fund urban mobility improvements. Many cities assess impact fees on developers to cover the costs of expanding services (e.g., fire protection, police protection, schools) to support new development. Also, a new development generates trips (more people coming and going), which puts strain on the surrounding road and public transit networks. One of the best ways of mitigating traffic impacts is to use the impact fees to fund public transit, walking, and biking improvements. Portland encourages environmentally friendly buildings by giving breaks on impact fees to certified green buildings. Similar breaks might be offered for transit-oriented infill developments.

	Seek matching funds from regional or national government. Higher-level government agencies may offer funds to cover part of the cost of urban public transit projects.

	Enter a public–private partnership, where the private partner provides some funding in return for a benefit related to the project, such as exclusive rights in project operation for a period of time. For example, Denver’s Eagle P3 project, an extension of the city’s rail system, is being designed, built, financed, operated, and maintained through a partnership between the government and several private companies.13

	Levy a special sales or property tax. The tax is earmarked to fund one or more specific infrastructure projects and may include a sunset provision, which removes the tax once the project in question has been paid for. These sorts of taxes may require voter approval, which is often feasible to obtain if the benefits of the urban mobility improvements are clearly described. Note that this sort of tax calls a great deal of public attention to a project, which will then need to be defended in the media, so it is best used only for extremely large projects that will affect many residents (such as the initial construction or a major upgrade of a city’s subway system).

	Make use of state infrastructure banks or revolving funds. Cities that are located in states with these finance options can obtain low-interest loans for infrastructure projects. The funds they pay back to the bank can be used later, by that same city or a different city, to fund more infrastructure projects.

	Rely on user fees. Bridges and similar limited-access roadways may charge tolls to help recover their construction costs or to fund transit. Most public transit systems charge fees for each ride, which can go toward paying for expansion of the transit system as well as daily operations and maintenance. Fees from parking and congestion pricing may be used to fund transit improvements that help alleviate congestion.

	Auction permits that allow construction at higher densities than otherwise permitted. This is a novel way to raise money that has been used most extensively in Brazil. Together, Rio de Janeiro and São Paulo have raised more than $3 billion using this mechanism.

	Facilitate corporate sponsorship of an infrastructure project. Sponsorship allows a corporation to contribute money to a project in return for rights to name some portion of that project after the corporation. Similarly, transit vehicles, stations, bicycle racks, and so on may bear advertisements that provide an ongoing funding stream for the city.



Political Opposition

Political opposition to new development or transportation infrastructure is common and can be an important barrier to overcome. Existing residents are one likely source of opposition. They may object to development for several reasons. A common reason is fear of losing the attributes of a city or town that they find valuable, such as a small-town atmosphere. Another reason is to increase the value of their properties: If little additional housing is built and demand for housing grows, property values rise. If a project would displace residents or businesses, residents who would be kicked out are likely to object.

Another source of opposition can be owners and operators of existing transit fleets. New infrastructure and transit projects can threaten their revenues, even if the projects are in the best interest of the city’s residents.

From a city’s perspective, the way to maintain its growth and prosperity in the future is to build new housing, commercial space, and transit systems in order to efficiently accommodate new residents, keep housing affordable, ease traffic, and generate tax revenues to fund city services. Additionally, a city or town has a responsibility to respect the interests of all residents, including renters, who are harmed by rising housing prices and may even be displaced.

The keys to reducing political opposition are to better manage residents’ expectations about the way in which cities develop and the necessary consequences of economic prosperity and to prevent a small number of residents from undermining the will of the majority. Similarly, the concerns of existing transit owners and operators of transit should be tackled in any new transit plan.

The following approaches may help:


	Encourage developers to engage extensively with the local community early in the project development cycle to provide facts about their plans and build support. Local organizations such as environmental groups, the chamber of commerce, and public health groups have been known to support development that reduces car usage. Encourage developers to get supportive third-party groups on their side.

	Use polls to understand residents’ views about a project rather than relying primarily on the results of city meetings, where residents who are vocal opponents and unlikely to reflect the views of most residents are more likely to appear.

	Zoning and building codes should be designed to enable high-density, transit-oriented, mixed-use development without causing individual projects to seek waivers (for use, height, setbacks, and so on). If no waiver is required, this reduces project risk and accelerates the timeline, thereby reducing developers’ financing costs.

	Decisions on permits should be made based on the impacts of a development on the city as a whole, not only on the immediate area surrounding the development.

	Work with transit owners and operators to tackle their concerns. One way to do this is to use competitive concession bidding for new operations. Under competitive concession bidding, firms bid in offers to build new projects, with the government selecting the lowest-priced offer that meets the project’s criteria. Another option is to fund programs that help retrain displaced workers or create new jobs.

	If a project would displace residents, engage these residents early to agree on payment and land for resettlement needs as part of a broader transit development package.



Case Studies

Guangzhou, China: Well-Designed Public Transit

Guangzhou, China has one of the highest-quality bus rapid transit systems in the world, as ranked by the Institute for Transportation & Development Policy (Figure 9-10).14 Guangzhou’s bus rapid transit system is the second largest in the world, behind only Bogotá’s TransMilenio system, with daily ridership of up to 1 million people.15 Operating since 2010, Guanzhou’s system is the first [bus rapid transit] system to directly connect to a metro system and the first [bus rapid transit] system in China to integrate bike parking into station design. Among other bus rapid transit sytems, it has the highest number of passenger boardings at stations, highest [bus rapid transit] bus frequency, and longest [transit] stations.”16 The system also uses smart cards for paying the fare, which allows passengers to transfer to other routes for free.17
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Figure 9-10. Bus rapid transit in Guangzhou, China. (Photo by Minseong Kim [Own work], CC BY-SA 4.0, via Wikimedia Commons.)

Curitiba, Brazil: Mixed-Use and Transit-Oriented Development

Curitiba, Brazil (Figure 9-11) is known for its successful bus rapid transit system, and it is also a model of transit-oriented development, as a consequence of the city’s deliberate and considered efforts to promote greater density along its transit corridors. Specific measures include:18
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Figure 9-11. Bus rapid transit lines in Curitiba, Brazil are bordered by a pattern of higher-density development. (Photo by Francisco Anzola [Flickr: Curitiba Centro], CC BY 2.0, via Wikimedia Commons.)


	Zoning all parcels within two blocks of the main bus rapid transit lines for mixed commercial and residential development, with generous height limits.

	Allowing property owners to sell their development rights in places where development was not wanted (such as in the historic city center), thereby protecting the historic character of those areas. Developers who purchased the development rights could build at higher densities elsewhere. The developers received inducements to use these rights to develop parcels located along the bus rapid transit corridors.

	Allowing developers of parcels near bus rapid transit lines to contribute to a city fund for public housing in return for the ability to build taller buildings.

	Restricting the construction of shopping centers to major transit corridors.



Copenhagen, Denmark: Facilitated Biking and Walking

Copenhagen is arguably the most bicycle-friendly city in the world, where 45 percent of residents commute to work or school via bicycle (Figure 9-12).19 The city features 220 miles of dedicated cycle tracks, 14 miles of bike lanes, and 27 miles of off-street bike paths. Bicycles are allowed on trains, ferries, express buses, and taxis. Copenhagen was the first city to establish a bicycle-sharing program (in 1995), and the current iteration rents aluminum-framed bikes with GPS guidance. The high level of bicycling results in substantial social benefits, including reduced healthcare costs (from reduced air pollution, more exercise, and reduced car accidents) and reduced roadway congestion and maintenance.20

Copenhagen was also an early adopter of returning motor vehicle–dominated streets to pedestrian use. In 1962, the city closed a 1.1-kilometer (about two-thirds of a mile) length of the Strøget to cars.21 Contrary to early fears, the plan was a success, and today, the Strøget is one of the longest pedestrian shopping areas in Europe.

London, UK: Car Control

In 2003, the city of London implemented a congestion pricing system (the “London congestion charge”) for drivers operating vehicles within the central city, designated as the “charging zone,” during weekdays (Figure 9-13). The zone is clearly denoted via signs and images painted on the roadway. Drivers may register vehicles online, paying for a single day, or register for automatic payment. Enforcement is fully automated: Cameras identify car license plates and a computerized system bills registered drivers for charges and issues penalty notices to unregistered drivers who enter the zone without paying. The charge is £11.50 per vehicle per day (discounted by 90 percent for residents and eliminated for various types of vehicles), and the penalty for driving without paying is £130.22 Transport for London, the agency that operates the system, indicates it has reduced traffic volumes by 10 percent relative to business-as-usual conditions and has raised more than £1 billion for public transport, road, bridge, walking, and cycling infrastructure projects.23
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Figure 9-12. Mass bicycle traffic in Copenhagen, Denmark on special bike paths. (From goga18128/Shutterstock.com, Copenhagen, Denmark, 2016, Photograph, 2016.)
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Figure 9-13. Congestion charging zone in London, United Kingdom. (By Mariordo [Mario Roberto Durán Ortiz] [Own work], CC BY-SA 3.0, via Wikimedia Commons.)

Conclusion

Getting urban form and mobility right is important. Smart urban design makes for a livable, dynamic city, whereas poor design can degrade quality of life, increase emissions, and lock in a development pattern whose consequences last decades or centuries.24 Urban planners and policymakers can help guide a city’s development through robust support for public transit coupled with mixed-use development; measures to facilitate biking and walking, including an interconnected street layout of small blocks; a focus on infill development; and car control measures. With the trend toward increased urbanization in the developed and especially in the developing world, smart urban design and mobility measures will be a crucial component of the transition to a clean energy future.





SECTION III

THE BUILDING SECTOR

The building sector is responsible for 8 percent of annual global greenhouse gas emissions today, with emissions of about 4 billion tons of CO2.1 Emissions are expected to grow to between 5 and 6 gigatons by 2050, and without additional policies the building sector will be responsible for 8 percent of cumulative emissions through 2050.2 Buildings and appliances are also significant drivers for electricity demand (whose emissions are tackled in Section I, “The Power Sector”). For example, buildings are responsible for 54 percent of global electricity demand, and that share is expected to grow to nearly 60 percent by 2050.3 When electricity emissions attributable to the building sector are included, its share of today’s global greenhouse gas emissions increases to 20 percent and grows to 26 percent by 2050.4 The growth in emissions is due largely to a growing building stock filled with more energy-consuming technologies.

Reducing emissions from the building sector requires improving the efficiency of building equipment, such as air conditioning and heating equipment, the thermal efficiency of buildings, and the efficiency of appliances used in buildings. Chapter 10 discusses how building codes and appliance standards can increase the efficiency of buildings and appliances.

Decarbonizing the building sector and reducing demand for electricity are an essential part of lowering our overall carbon emissions. Building codes and appliance standards can achieve at least 5 percent of the reductions required by 2050 (Figure S-3) and an even higher share in later years, because higher efficiency standards take years to reach full effect.
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Figure S-3. Potential emission reductions from the building sector. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)





CHAPTER TEN

Building Codes and Appliance Standards

Residential and commercial buildings are major energy consumers, accounting for roughly 20 percent of delivered energy use and more than 50 percent of electricity use worldwide.1 In terms of energy demand, buildings in urban areas, where a majority of the world’s population lives, are particularly important. Furthermore, there is a continuing trend toward urbanization, particularly in the developing world: From 2014 to 2050, the population in urban areas is projected to increase from 3.88 billion to 6.34 billion,2 with a corresponding growth in building floor space. Not only is the world urbanizing; it is also developing. As people rise out of poverty, they will demand more energy-consuming services, such as lighting, air conditioning, and television. As the number of city dwellers grows and they demand more services, there is potential for substantial increases in building energy use. The International Energy Agency projects global building energy use to grow at about 1.3 percent per year through 2040.3 Smart, ambitious policy can drive efficiency increases in building components, helping to decouple demand for energy from demand for building services. This decoupling is a key part of the transition to a low-carbon future.

Most buildings and building equipment (e.g., furnaces and air conditioners) last decades. Rapidly urbanizing countries with high rates of new building construction, such as China, India, and Nigeria,4 are in a crucial period during which good building efficiency policies can have an outsize impact. Buildings constructed today will lock in energy use patterns for many years to come. This speaks not only to the importance but also to the urgency of policy to ensure that new and renovated buildings are well built and efficient. Two of the most effective policies to achieve these goals are building codes and appliance standards. Together they can achieve at least 5 percent of the reductions needed by 2050 to achieve the two-degree target (Figure 10-1).
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Figure 10-1. Potential emission reductions from building codes and appliance standards. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Policy Description and Goal

Building Codes

Building codes are regulations that impose requirements on the design and construction of buildings. Codes can serve a variety of social purposes, such as protecting the health and safety of occupants and reducing impacts on nearby public spaces. However, when the goal is to limit energy use and emissions, building codes typically set minimum technology requirements or performance criteria that new or modified buildings must meet. For example, building codes may specify how effectively windows or walls must insulate the interior from exterior temperatures or set a required efficiency level for central heating or air conditioning systems.

In contrast, whole building energy performance standards specify a maximum energy use for the entire building rather than for individual components of that building. These standards may be used for code compliance, in voluntary certification programs, to determine eligibility for tax incentives, and for other purposes.5

Appliance Standards

Similar to energy efficiency building codes, appliance standards set minimum energy performance requirements for new appliances. Appliance standards typically specify the maximum amount of energy that an appliance of a given capacity and type may use in order to perform a particular service. An appliance standard might mandate that every specific model comply with the standard, or it might allow manufacturers to meet the standard via a sales-weighted average of the appliances of a given type that they sell.

An important distinction between building codes and appliance standards relates to monitoring and enforcement. Most buildings are one-of-a-kind or, at most, are built in small numbers and are site-specific. Buildings “are the largest handmade objects in the economy.”6 Accordingly, inspections and energy audits of every individual building may be necessary to determine whether those buildings comply with a performance standard. In contrast, large numbers of identical appliances are produced in factories, and their energy efficiency can be tested “upstream” on just a few units provided by a manufacturer or importer during a verification process. Once in wide distribution, appliance standards also require ongoing enforcement to ensure manufacturers aren’t cheating standards. For example, check testing, where for-sale products are periodically randomly checked and tested, and import controls can help uncover cheating by manufacturers. However, appliance standards are more suited to initial verification than building codes, so they are often easier for lower-income regions to implement. In both instances follow-up enforcement is important.

When to Apply This Policy

A key element of both building codes and appliance standards is their ability to mandate performance improvements that are economically beneficial to consumers yet for a number of reasons fail to be adopted in the market. Because of the characteristics of the building sector, market failures of various sorts occur almost everywhere, so building codes have very broad applicability. One common example is a misalignment of incentives between those who pay for energy and those who pay for buildings and appliances. Many households and most businesses do not own the buildings they occupy; rather, they are tenants. Property owners lack an economic incentive to improve the energy efficiency of the building because the tenants are generally responsible for paying the utility bills. (Information barriers and other issues pertaining to human psychology make it difficult to price energy efficiency upgrades into the rent charged to tenants.7) Meanwhile, tenants may be prohibited from making major changes to the building. Even if allowed, tenants may balk at putting money into buildings that they do not own, particularly if they believe they might move before the capital cost is recouped via energy savings. Building codes and appliance standards set a minimum level of performance that building owners are expected to provide, thereby ensuring that the energy savings (which are larger than the capital cost) are realized.

Examples of other market failures that are partially mitigated by building codes and appliance standards include consumers’ short or inconsistent discount rates,8 insensitivity to rebate or subsidy policies, imperfect information, and high transaction costs.9 Amory Lovins provides a more detailed discussion of various engineering and institutional reasons for inefficient building design and construction.10

Efficiency improvements do not necessarily increase the cost of equipment relative to less efficient models, because the policy can spur companies to engage in research and development (R&D) that lowers the cost of efficiency improvements over time. (Thus, the fact that a more efficient appliance may be more expensive than a less efficient appliance today is not a good guide to whether a performance standard would result in increased appliance costs in future years.) For example, Figure 10-2 shows that refrigerator efficiency in the United States has improved since 1972, while actual consumer prices have declined and refrigerated volume has increased.11 These efficiency improvements were driven in part by a series of standards, beginning in 1978.12

Building codes and appliance standards can and should be designed to improve over time, thereby providing a clear signal to manufacturers that R&D investments in efficiency will pay off. When the standard comes into effect, a company that invested in R&D can produce better or cheaper appliances and building components than are available from competitors. This allows the manufacturers to gain market share.13 If all manufacturers engage in R&D, this drives down prices across the board and benefits consumers.

In contrast, policies that provide a rebate for the most efficient products on the market tend to encourage individuals and businesses to purchase these products, but they often do not encourage manufacturers to engage in R&D and improve their products’ performance over time (because the rebate qualification thresholds typically are based on the range of products already available in the market). Product labels, on the other hand, have been shown to motivate manufacturers to engage in R&D and meet increasing efficiency requirements.

Another advantage of building codes and appliance standards is their low cost to implement. A rebate or subsidy for efficient products may cost government a great deal of money because it must pay some fraction of every rebate-qualifying product that is sold.14 A tax on inefficient products or especially a tax on fuel may cost building owners or occupants a significant amount of money. A standard does not require large payments between government and energy users throughout society. The only government costs relate to the initial establishment of standards (e.g., technical analysis of products, meeting with industry) and the monitoring and enforcement of the standards. These costs may be lower for appliances, where the standard can be enforced upstream, at a limited number of points of manufacture or importation. Building component standards are harder to enforce because they may involve inspections of individual buildings, but nonetheless, they are cheaper than many alternative policy options. Additionally, the cost of codes and standards can be scaled by varying the extent and type of analysis and stakeholder engagement. Greater resources will yield more rigorous standards, but even without this level of rigor, standards can be effective.
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Figure 10-2. U.S. refrigerators have become less expensive while becoming more efficient and larger. (“Annual Energy Use, Volume and Real Price of New Refrigerators,” U.S. Department of Energy, 2014, https://energy.gov/sites/prod/files/2014/08/f18/energy_use_new_refrigerator_chart.pdf.)

Another benefit of standards for appliances and some types of building components is the ability to cause efficiency improvements in areas beyond the control of the policymaker. For example, if a large region such as California implements stringent efficiency standards for televisions, manufacturers that want to sell televisions in California must produce standard-compliant models that will appeal to consumers. They may be obligated to conduct R&D in order to maintain their ability to sell attractively priced and functional televisions in California in the future. They also must retool their assembly lines to produce these improved televisions. Having already made these R&D and manufacturing investments, the appliance manufacturer may determine that it is more cost-effective simply to sell the standard-compliant televisions throughout the United States rather than maintain production of less efficient televisions that can be sold only in some states. The larger the number of regions that enact standards, the more likely manufacturers are to choose to comply with those standards universally rather than only in the jurisdictions where the standards are in force.

Detailed Design Recommendations

Policy Design Principles

The following policy design principles apply to building codes and appliance standards.

Create Long-Term Certainty to Provide Businesses with a Fair Planning Horizon

It may take years for manufacturers of building systems and appliances to make the necessary R&D investments and changes in their manufacturing lines that reduce energy consumption without adding greatly to the building’s cost and without compromising other performance characteristics. If standards are set just a few years at a time, businesses may be unsure whether standards will continue to become more stringent in future years. This means they will not know whether modest investment in near-term improvements is sufficient or whether a larger investment in a new technology or major design change might be worthwhile.

Because the process of selecting a building site, acquiring building permits, obtaining financing, and constructing a building can stretch for many years, it is particularly important for architects, engineers, and financiers to know building code requirements over a sufficiently long time horizon.

Standards can help companies that manufacture appliances and building systems justify investments in R&D and energy efficiency to their shareholders, who otherwise might be skeptical of the value of these expenditures. Companies that make a serious commitment to R&D may even see this as their competitive advantage.

Build In Continuous Improvement

Building codes and appliance standards are valuable because they increase efficiency of the building stock and eliminate the worst-performing buildings and products over time. If the standards are allowed to stagnate, they are not serving their primary purpose. For example, the U.S. Government Accountability Office estimates that failure to update appliance standards in the United States in the 1990s and early 2000s will cost consumers at least $28 billion through 2030.15 Forgone energy savings imply further damages, such as greater emissions of pollutants that cause premature deaths and drive climate change.

Focus Standards on Outcomes, Not Technologies

Standards should set energy performance targets rather than specifying particular technologies to be used. This allows architects and engineers the maximum flexibility in designing buildings and products that achieve their financial, aesthetic, and functional goals while achieving the requisite energy performance. Buildings are diverse and can have features that are site-specific and are particular to the building’s intended purpose, making prescription of specific technologies unwise. The same air handling, heating, or envelope components that work well in an office building may be ill suited for a residential building or a warehouse. For example, to reduce lighting energy consumption, extensive use of skylights, windows, other openings, or reflective surfaces (collectively called daylighting techniques) may be suitable for a building on a site with sufficient sunshine and intended to be used primarily in the daytime, but these techniques may not achieve the desired energy savings in a building on a different site or intended to be used at night.

Prevent Gaming via Simplicity and Avoiding Loopholes

Standards should be written with simplicity and clarity to prevent manufacturers and building designers from gaming the standards. Standards should be written in consultation with a diversity of experts and stakeholders and carefully checked by government scientists and other experts for possible loopholes. In general, specifying overall energy performance targets with as little variance as possible, given building characteristics, will tend to minimize loopholes, although the resulting standard may be more difficult for some building types to comply with than others.

Additional Design Considerations

If building and appliance performance standards are designed according to the principles just described, there are only a few remaining points to consider.

Require Thorough Monitoring and Enforcement

To be effective, building codes and appliance standards must be subject to rigorous testing and enforcement. Local governments must have adequate funding to properly review building plans and to hire, train, and dispatch building inspectors. Building inspectors should be assigned randomly to each building or development, to avoid corruption, and for big projects, inspections should be alternated between two or more inspectors. Similarly, appliances must be subject to random, standardized testing to ensure they perform in accordance with an appliance standard. Where enforcement is weak, manufacturers and building owners will often fail to meet the standards. For example, in China, where enforcement staff and funding are inadequate, third-party testing has demonstrated that many appliances fail to meet national standards, even though manufacturers self-report their appliances as up to code.16 Similarly, China worked to develop an improved building inspection system in the late 2000s. Before this system, just 21 percent of medium and large construction projects in urban areas complied with building codes. The improved inspection system greatly increased compliance rates of these types of projects. However, there are almost no inspections of rural developments, nor of small developments in urban areas, so compliance rates among these building types are unknown (and probably low).17 To avoid cheating by manufacturers or importers of appliances, the government should use a randomized process to purchase appliances to be tested for energy efficiency rather than allowing the manufacturer or importer to submit a unit for testing. The government should conduct spot tests, to complement manufacturers’ certifying that their own products comply with standards. In regions with strong economic and legal infrastructure, these tests can be occasional, happening only every few years. But in regions with weaker infrastructure, government should test more frequently.

Ensure Sufficient Knowledge of Green Building Design and Construction

Buildings are almost always designed and built by hand, not mass produced in factories. The ability of a building to meet energy efficiency standards depends in part on the ability of that building’s designer to anticipate and correctly design energy-saving features and for the construction companies and contractors erecting the building to use best practices. Small matters such as proper air sealing of ducts can make a substantial difference in final energy use. Construction firms must be attentive to energy-efficient construction and must build structures of high quality. Therefore, they must have the necessary knowledge and capabilities.

Government can help by providing or funding education and training programs for the building industry and leading by example through performance-based building procurement, in which procurement contracts for new buildings specify minimum energy performance criteria.18 Government can also ensure that energy use is monitored, and buildings that fail to meet the energy efficiency standard should be penalized and the defects immediately corrected at the owner’s expense. This gives the building owner an incentive to ensure the building achieves promised energy savings. The building owner can then select the firms with the best reputations for energy-efficient building practices and include energy performance requirements in construction contracts.

Couple Codes and Standards with Strong Complementary Programs

Building codes and appliance standards rely on stock turnover to achieve energy savings. Appliances often take more than 10 years to reach the end of their lifetimes, and some building components, particularly parts of the building envelope, can last 50 years or more. Therefore, it may be many years before the full benefit of building codes and appliance standards is realized. To help mitigate this problem, building codes and appliance standards should be coupled with strong retrofitting programs (also known as retrocommissioning), including subsidies or other incentives, to help accelerate stock turnover. Applying strong building codes in places that are rapidly urbanizing, such as India, China, and Nigeria, can affect buildings when they are first built rather than waiting for building turnover, but rapidly developing and urbanizing areas are also some of the places with the greatest enforcement challenges, so codes may be a higher-risk, higher-reward policy option in these places.

Building codes and appliance standards generally affect only the bottom of the market, removing the worst-performing products each year. They do not provide incentives for people to purchase the top-performing products instead of products that are minimally compliant with the codes. This drawback can be remedied by pairing codes with other policies that promote uptake of the top-performing products, such as clear labels that show energy savings, subsidies or rebates for the most efficient products, and carbon pricing that raises the costs of owning inefficient products.


Financing Efficiency Upgrades

Access to low-cost capital can greatly improve the cost-effectiveness of retrofits and appliance upgrades and encourage turnover to more efficient components before the end of their useful lives, which can be 50 years or more. However, building owners, particularly low-income people, may lack the upfront capital and credit-worthiness needed to pay for efficiency upgrades. Energy service companies (ESCOs), property-assessed clean energy (PACE) financing, on-bill repayment, and green bank financing are a few successful policies that overcome financing barriers.

ESCOs operate as financial intermediaries between customers and project lenders, often utilities. ESCOs propose and manage a suite of efficiency investments and use energy bill savings to cover the cost of the project and repay the financier. However, because ESCOs retain some of the revenue that results from lower energy bills, and because of the administrative costs of an intermediary, the ESCO model can reduce the number of investable projects.19

PACE financing is a tool under which city governments grant loans to building owners to purchase and install energy efficiency measures, which are paid back through property tax bills, often over 15 to 20 years. Because PACE financing allows small building owners to affordably finance the installation of efficiency measures, it can increase the penetration of energy-efficient appliances in small buildings, which has often been difficult to achieve. However, PACE financing requires municipal bonds to finance energy efficiency measures and may be hard to implement in regions without credit-worthy municipalities.20

Under on-bill repayment, a utility pays for the upfront costs of efficiency measures and collects those costs, plus reasonable returns, over time via customer utility bills. Customers are able to offset these costs with lower energy bills from efficiency measures. The financing costs “stay with the meter,” meaning the charge remains whether or not the building changes hands, making the financing straightforward compared with PACE financing. Depending on how the program is structured, as a loan or merely an additional charge to the bill, credit-worthiness of the building tenant may not matter, increasing access for low-income customers.21

Green banks provide low-interest financing to clean energy and efficiency developers, backed by government funds. Efficiency portfolios tend to be stable investments delivering steady cash flows over time, but finding a financier that is willing to take on small or complex efficiency projects can be difficult. As a result, green banks have emerged as a leading lender for medium- and large-scale clean energy and efficiency projects, providing a promising option for financing projects in the future.22



Case Studies

California’s Energy Code

Title 24 of California’s Energy Code was established in 1978 to provide a single coordinated, comprehensive building energy standard that governs the design and construction of all California buildings, associated facilities, and equipment. In particular, Part 6 of the California Energy Code contains requirements for building energy use and energy efficiency. The standards require a minimum energy efficiency level and provide buildings with two options for meeting the standard by using either performance-based or prescriptive methods.23 The code also offers voluntary “Reach Standards” for buildings that strive to achieve additional energy savings.24 The California Energy Commission has approved a handful of energy analysis computer programs, including both public and private domain software, to test for building compliance.25 A building permit is required to construct or substantially alter a structure. To receive a permit, builders must submit project plans to city officials and be in compliance with Title 24 and other regulations. The California Energy Commission has a “Building Permit Violation Referral form” that anyone can use to report unpermitted construction activity.26

Title 24 requirements are updated by the California Energy Commission on a 3-year cycle.27 Six California utilities operate a Codes and Standards Enhancement Initiative, which supports the standard revision process through public meetings and research to help identify areas that show promise for energy savings potential. For the upcoming Title 24 revision, the Codes and Standards Enhancement Initiative provides guidance on improvements in lighting, HVAC, indoor air quality, building envelope, water heating, and demand response.28 Members of the public may also propose measures for consideration.29 This update process helps ensure that Title 24 requirements do not become stagnant and that tighter standards remain achievable in commercial practice.

Title 24 has saved more than $74 billion in electricity bills and helped keep California’s per capita electricity usage stable over the last four decades,30 even though state gross domestic product (after adjustment for inflation) more than tripled during this period.31 The California Energy Commission has found that since 1978, the standards have avoided “more than 250 million metric tons of greenhouse gas emissions (the equivalent of removing 37 million cars off California roads).”32 It estimates that the newest, 2016 revision of the Title 24 standards will save a typical residence $7,400 over the course of a 30-year mortgage while increasing the initial price of the residence by only $2,700.33

Mexico’s National Energy Efficiency Standards

Mexico is a leader among developing countries in building and appliance energy efficiency standards and could serve as a model for other nations that want to implement or strengthen standards.

Mexico’s first mandatory standards came into force in 1994 for residential refrigerators, air conditioners, and three-phase electric motors, all important electricity-consuming devices in Mexico.34 Coverage has since expanded to 29 types of appliances, equipment, and building components.35 The law establishing Mexico’s standards requires them to be updated every 5 years,36 helping to avoid stagnation.

Mexico intentionally selected the stringency of its standards and designed its test procedures to mirror those used in the United States. This harmonization lowered barriers to the trade in these appliances and expanded the market for Mexican manufacturers. Mexican exports of refrigerators to the United States “increased 9-fold from 401 million U.S. dollars to about 3.7 billion U.S. dollars” per year from 2000 to 2014,37 whereas the domestic Mexican market only doubled during that period.

The implementation of energy efficiency standards did not lead to higher prices for consumers. Figure 10-3 shows that the domestic Mexican market for combination refrigerator/freezers, refrigerators, split air conditioners, and window air conditioners grew considerably over the 1999 to 2013 period while per-unit prices of all these technologies dropped (except for window air conditioners, which remained flat). During this period, the devices’ features increased while durability and quality were not harmed. The most likely explanation for the price declines is that Mexican manufacturers and importers were able to take advantage of economies of scale and adapt successfully to more stringent efficiency requirements while keeping prices down.38

The standards also led to reductions in overall electricity use and in peak-time demand (Figure 10-4), reducing costs to society and lowering greenhouse gas and conventional pollutant emissions.

Mexico eased implementation of its standards by involving many stakeholders. Representatives from the private sector, equipment manufacturers, academia, the government, and nongovernment organizations all participate in an advisory committee that guides the standard-setting process.39 Industry representatives have praised the standards for allowing them to compete on a fair playing field and for signaling that investments in improved manufacturing processes and technology would be rewarded.40
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Figure 10-3. Mexican refrigerators and air conditioners have become cheaper while becoming more efficient. (Graphs reproduced with permission from Lawrence Berkeley National Laboratory, McNeil et al.)

The standards have not been without downsides for Mexican manufacturers. The same improvements in energy efficiency that opened up the U.S. market to Mexican products have caused those products to be less competitive in developing Central American nations that lack energy efficiency standards. Consumers in these nations can buy inefficient, Asian-made devices more cheaply than Mexican equipment, and as a result, Mexican exports of equipment to Central American nations have dropped.41 This holds a lesson for developing countries that manufacture appliances for export: It may be wise to harmonize standards with a large export market to offset any drop-off in sales to developing markets that lack efficiency standards. Alternatively, groups of economically interrelated developing countries may consider enacting standards all at once, as a regional coalition, to prevent the loss of market share to inefficient imports from outside the coalition.
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Figure 10-4. Energy efficiency standards for Mexican refrigerators and air conditioners have reduced total and peak energy use. (Graph data reproduced with permission from Lawrence Berkeley National Laboratory, McNeil et al.)

Conclusion

Building codes and appliance standards are a key policy for reducing emissions from the building sector, which is particularly important in rapidly urbanizing countries. Standards are effective at overcoming various market barriers that are common in the building sector and limit the effectiveness of economic incentive policies. When properly implemented, standards drive down emissions year after year while achieving net savings for society. The best standards in the world are technology finding, are publicly known years in advance, are resistant to gaming, and have built-in mechanisms to tighten the standards over time. Proper monitoring and enforcement of building codes and appliance standards can be a particular challenge. However, when well written and enforced, building codes are a crucial way to save energy, reduce emissions, and save money—steps on the path to a clean energy future.





SECTION IV

THE INDUSTRY SECTOR

The industry sector, including agriculture and waste, is responsible for 38 percent of annual global greenhouse gas emissions today, with CO2e emissions of about 19 billion tons.1 Emissions are expected to grow to more than 42 billion tons by 2050.2 Without additional policies, the industry sector will be responsible for 49 percent of cumulative emissions through 2050.3 The industry sector is also a significant driver of electricity demand (whose emissions are tackled in Section I, “The Power Sector”). For example, the industry sector is responsible for roughly 44 percent of global electricity demand, although that share is expected to fall to about 36 percent by 2050.4

Industry sector emissions can be broken into two categories: emissions from fossil fuel combustion for energy use and process emissions. Process emissions are emissions released in industrial processes such as cement clinker manufacture and metallurgical coal coking. Additionally, we categorize nonenergy emissions in agriculture and waste as process emissions. The share of industrial emissions from processes is significant. At least 10 billion tons of CO2e per year are from industrial processes: about 5.2 billion tons of CO2e per year from agriculture, 1.5 billion tons from waste, and 3.2 billion tons from more traditional manufacturing-related processes.5

Reducing emissions from the industry sector therefore requires both improving the efficiency of industrial production, thus lowering demand for energy, and eliminating emissions from industrial processes. Chapter 11 discusses how to improve efficiency in industry. Chapter 12 discusses the sources of industrial process emissions and how to reduce them.
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Figure S-4. Potential emission reductions from the industry sector. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Heavily decarbonizing the industry sector is essential to hitting our climate targets. Improvements in industrial energy efficiency can achieve 16 percent of the necessary reductions by 2050, and reducing process emissions can achieve at least 10 percent of the necessary reductions (Figure S-4).6





CHAPTER ELEVEN

Industrial Energy Efficiency

Industry plays a central role in the world’s economy and is responsible for more than 40 percent of global energy consumption, more than any other sector.1,2 In countries whose economies are heavily based on manufacturing, this percentage is higher. For example, in China, industry consumed 69 percent of total energy in 2014.3

Because of the central role industry plays in driving energy use and pollutant emissions, careful consideration of policies to reduce industrial energy use is warranted. However, policies targeting industrial energy use are less frequently discussed than policies affecting the transportation or electricity generation sectors. This may be due to a lack of familiarity with industrial energy efficiency opportunities and technologies or the incorrect4 assumption that industrial facility owners are already undertaking all available, cost-effective means to reduce energy use. In fact, many technologies exist that can lower energy use—often while saving money in the long run—and there remain tremendous opportunities for efficiency improvement, typically at a lower cost than improvements targeting at other sectors.5 Together, industrial energy efficiency policies can achieve at least 16 percent of the greenhouse gas emission reductions needed to hit the two-degree target (Figure 11-1).

Policy Description and Goal

Eight key types of policies, used in combination, can efficiently reduce industrial energy use and accelerate the transition to a clean energy economy: education and technical assistance, financing, financial incentives, mandatory targets, equipment standards, energy management system promotion, energy audit and energy manager requirements, and policies to support research and development (R&D). These policies help industry invest in higher-quality equipment that will save energy and quickly pay for itself, increasing the long-term competitiveness of affected businesses.

Industrial Energy Efficiency Technologies and Measures

Although this chapter discusses primarily policies and programs to promote industrial energy efficiency, it is worthwhile to review some of the major mechanisms by which energy savings in industry can be achieved. Without this knowledge, it can be unclear what steps the policies are designed to encourage, hampering efforts to understand good policy design.

Although industries vary in the products they create, similar equipment and processes are used in multiple industries. For example, every industry has electric motors, most have pumps, and all have heating or cooling demands. Measures may need to be adapted to fit the specific conditions or requirements at a given facility, but some measures that can be effective for a variety of industrial facilities include those discussed in this section.

[image: Image]

Figure 11-1. Potential emission reductions from industrial energy efficiency policies. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage &page=about.)

Waste Heat Recovery

In the United States, between 20 and 50 percent of the energy used by industry “is lost as waste heat in the form of hot exhaust gases, cooling water, and heat lost from hot equipment surfaces and heated products.”6 Heat from high-temperature exhaust and water can be recovered and used in a variety of ways. It may be used to preheat loads (materials entering the system, such as combustion air or feedwater going into boilers), so that less fuel is needed to raise the temperature of these inputs once inside the system.7 Another common application is to use the heat to drive an electric generator, producing electricity for use by the facility.8 A facility that uses waste heat to generate electricity is sometimes called a combined heat and power or cogeneration facility. It is even possible to use waste heat for cooling purposes by adding an absorption chiller, a device that uses heat to drive a refrigeration cycle.9

Properly Sized and Variable-Speed Motors

Motors are used for a variety of purposes in industrial facilities, such as moving materials, running assembly lines, and controlling equipment. The International Energy Agency reports that a full 40 percent of all electricity use is in motors and that a quarter of this at least can be saved, reducing global electricity demand by 10 percent.10 Several techniques can be used to reduce motor energy use. A motor, fan, or pump that is larger and more powerful than necessary wastes energy.11 Ensuring that overly large equipment is not purchased can reduce the purchase price of the motors while saving energy. Motors must be able to accommodate their peak loads, so designing the industrial process to lower the peak load on a single motor (e.g., by evening out material flows between components or across time) may enable motors to be replaced with smaller, more efficient models.

A motor may be equipped with a variable-speed drive, control equipment that regulates the amount of electricity fed to the motor to adjust the motor’s speed and torque output. Variable-speed drives save energy in fan, pump, and certain other applications by ensuring the motor consumes only as much power as is necessary to accomplish its task. Fewer than 10 percent of motors globally are controlled by variable-speed drives, so there remain large opportunities for energy savings.12 (The alternative—controlling motor output with a valve, for example—is analogous to driving a car with a foot all the way down on the gas while regulating speed with the brakes.)

High-Efficiency Compressed Air Systems and Alternatives

Compressed air is used in industrial facilities for tasks such as cooling, agitating, or mixing substances; operating pneumatic cylinders; inflating packages; cleaning parts; and removing debris. Compressed air systems inherently have low efficiency, and the best option is sometimes to replace the compressed air system with another mechanism to accomplish the same task. For instance, fans or blowers, motors, vacuum pumps, and brushes may be substituted for compressed air in some cases.13 When compressed air must be used, efficiency can be improved by frequently checking filters and clearing blockages; minimizing air leaks; using multiple, small compressors with sequencing controls rather than a larger compressor that always runs; and keeping the system at the lowest possible air pressure (using devices such as a booster or cylinder bore to increase air pressure locally for specific applications that require higher pressures).14

High-Efficiency, Properly Sized, and Condensing Boilers

Boilers are used in industrial facilities to generate steam, which is used for a variety of purposes, such as to turn turbines or to heat kilns in cement plants. Apart from waste heat recovery (discussed earlier), a variety of steps may be taken to improve boiler efficiency. Process control technologies can monitor the exhaust stream and optimize the air–fuel mixture entering the boiler. Reduction of air leaks and excess air saves energy, as more of the energy goes into generating steam than heating the air. Ensuring boilers are not larger than needed, improving boiler insulation with modern materials, and regularly removing fouling or scaling on part surfaces all improve energy efficiency.15 Condensing boilers extract energy from the steam produced in combustion, thereby improving the efficiency of the system as a whole. Also, multiple boilers can be used in series, with low loads handled by one boiler and additional boilers fired up only when loads are higher.

Building Upgrades (Lighting and HVAC Systems)

Industrial firms can achieve energy savings by upgrading the lighting and heating, ventilation, and air conditioning (HVAC) systems of their buildings. Lighting efficiency can be improved by switching to more efficient types of bulbs (such as LEDs), using lighting control systems that illuminate areas only where light is needed, and using more natural light. HVAC efficiency can be improved via building or duct insulation and air sealing, upgrading to more efficient HVAC equipment, and using temperature setbacks during nonworking hours. Industrial automation provides a unique opportunity to reduce lighting and HVAC energy use because building services are needed only when human workers are present. Japanese robot manufacturer FANUC, a pioneer in factory automation, has a factory that can run for up to 30 days at a time with no human intervention. “‘Not only is it lights-out,’ says FANUC vice president Gary Zywiol, ‘we turn off the air conditioning and heat too.’”16

Cog Belts

Belts are used in industrial processes to transfer rotational motion between components. “Cog belts” (those with teeth molded into their inner diameters) are more efficient, run cooler, and last longer than traditional belts with a smooth lower surface.17

Smart Monitoring and Controls

Industrial facilities may use computer hardware, software, and sensors that monitor and optimize the energy use of building systems and industrial equipment. These systems can help plant operators quickly detect energy waste, such as when devices are consuming more energy than expected, consuming energy while in standby mode, or in need of maintenance.18 Newer “smart” controls may use sophisticated learning algorithms, achieving even greater energy savings.

Energy Management Systems

In addition to smart monitoring and controls, industries may use energy management systems. An energy management system is not a particular technology but rather an internal governance system or processes that companies follow in order to “systematically track, analyze, and reduce energy demand.”19 The most widely known guideline for energy management systems is ISO 50001, a set of requirements established by the International Organization for Standardization that include an energy planning process establishing baseline energy use, identifying energy performance indicators, setting objectives or targets, forming action plans, and conducting periodic measurement and internal audits.20 Adopting an energy management system helps ensure that energy savings are not overlooked amid the variety of other goals that companies seek to achieve through their operations and investment.

Design for a Circular Economy

The term circular economy refers to the idea of reusing products and materials for the highest or best use for which they are suitable once the first user is done with the product. Industry can help with each stage in this process.21 For example:


	A product that is still in good working order could be passed on to another user. Industry can help make this possible by designing products for durability and longevity.

	A product that is broken may be repaired rather than replaced. Industry can assist by ensuring the product can be opened and its workings accessed, by making parts removable, and by using standard-compliant parts or making interchangeable parts available.

	A product that is too worn or damaged to be repaired could be sent back to the producer for remanufacturing or refurbishment. Industry can establish takeback or buyback programs for older devices.

	A product that is too damaged or too outdated to be refurbished can be recycled. Industry can help by designing products for recyclability and by making new products out of recycled materials.



Policies to Promote Industrial Energy Efficiency

Policymakers can take a variety of steps to encourage or require industry to adopt stronger energy efficiency measures.

Equipment Standards

Many types of equipment are common to industries and can be governed by efficiency standards in a way similar to building component or appliance standards. Standards specify a maximum allowable energy use or minimum efficiency that equipment must achieve. For example, the U.S. Department of Energy has specified mandatory energy efficiency standards for electric motors, pumps, commercial boilers, and various other types of equipment used in industrial facilities.22 Appropriate standards may be complex because of the various types of equipment available. For example, the United States has set standards at different levels for three types of electric motors, divided into up to 25 horsepower categories, further divided by pole configuration and whether the motor is open or enclosed.23 Equipment standards should be applied to both domestically produced and imported equipment.

Education and Technical Assistance

Government may provide education about energy efficiency options and technical assistance in their implementation. This role is best suited for a regulatory agency that possesses deep expertise on energy efficiency measures. An agency may target outreach to industries or companies that would particularly benefit, such as those that have large energy savings potential or those that are in need of education and assistance. Voluntary programs must emphasize cost-effective energy savings–those with reasonable payback periods–and should allow upgrades to be made in accordance with industrial facilities’ operational schedules and capital investment cycles. Energy savings should be measured and verified, to assure the industries that participation in the program delivered the expected savings and to assure the public that the government program is reducing energy consumption and emissions.24

Education and technical assistance may be particularly important in developing countries where technical expertise is in short supply. For example, the Institute for Industrial Productivity determined that foundries in India suffer “from technological obsolescence, poor management practices and paucity of funds.” Training local people in how to conduct energy audits and meeting with foundry owners were key parts of the institute’s strategy to help the foundry industry improve its methods.25

Financing

Many industrial energy efficiency measures require upfront expenditures to purchase or upgrade capital equipment. Even if the payback period on this investment is reasonable, it can be difficult for some companies to set aside the money for upgrades. Government can make this easier by offering access to low-cost financing. For example, a government can establish a fund that is used to make low-interest loans to industries for energy efficiency retrofits and upgrades. As companies pay back their loans, this replenishes the fund, which can then be used to make loans to new companies. A government may offer these loans directly or might provide money to commercial banks and allow them to administer the loans.26

A similar approach is to establish a green bank, a publicly funded organization that attempts to use public money to leverage private investment. For example, a green bank might partner with a commercial lender to supply money for an efficiency project or might offer better interest rates and access to more credit for a borrower who otherwise would not qualify for a commercial loan.27

A government might consider getting initial capital to fund industrial energy efficiency programs, such as a fund or green bank, by issuing green bonds for the purpose. Green bonds are similar to other bonds, but their use is earmarked for specific, environmentally beneficial projects.28

Many companies may lack expertise in how to select, install, and monitor efficiency upgrades. To help them, government can direct companies that receive financing to work with energy service companies (ESCOs), businesses that design and implement energy-saving projects for clients. ESCOs can handle many of the technical aspects of the upgrade projects for financing recipients. This may simplify the upgrade process for participating companies.

Financial Incentives

Often it can be difficult for industry to secure the upfront capital needed to make energy efficiency upgrades, even if those upgrades would pay for themselves through energy savings. For example, in many cases companies separate capital budgets from operating budgets, and because energy savings accrue in operating budgets but efficiency upgrades are paid for through capital budgets, industry often finds it hard to make a good accounting case for investing in efficiency upgrades. Financial incentives can help overcome this and other barriers, such as choosing between two equally attractive investment options.

Governments may use financial rewards or penalties to encourage adoption of energy efficiency measures. For example, in China electric utilities (which are government owned) charge higher electricity rates to companies with higher electricity use per unit of product produced, improving the cost-effectiveness of reducing electricity consumption per unit of industrial output. Similarly, financial institutions are directed to consider energy efficiency when extending credit and loans to industry, making it less expensive for more efficient companies to get financing.29 (This measure should be limited to financing for projects other than energy efficiency upgrades, lest it hamper the efficiency it is designed to reward.)

A government that prefers a more direct approach may reimburse companies for a share of the cost of energy efficiency upgrades, such as new boilers or waste heat recovery systems. For example, during the twelfth Five-Year Plan period, China offered RMB 200–300 (roughly $30–$43) in rebates for equipment per ton of coal equivalent saved by that equipment.30

One method of structuring financial incentives is to use a “cascade” approach, which relies on public money only to the extent necessary given market and project conditions:31


	For projects where commercial financing is available at reasonable rates and with reasonable oversight by lenders, government financing may be unnecessary.

	When commercial financing is not cost-effective, government may try to reform conditions in the financial system to remove structural barriers to financing and enable commercial lenders to take on these projects cost-effectively.

	For projects that are still too risky to be financed commercially at rates that are affordable for industry, government may partner with private lenders using a risk-sharing instrument, which leverages government dollars to obtain some private sector funding. • For projects of public value where it is impossible to interest commercial lenders even in a risk-sharing arrangement, government may consider being the sole provider of financial incentives.



Financial incentive programs should be coupled with robust monitoring and reporting of energy use data, to ensure that incentives are provided only when energy savings are realized.

Mandatory Targets

Governments may impose specific energy or carbon intensity targets for specific industries or for the economy as a whole. For example, in China’s twelfth Five-Year Plan, the government required national energy intensity (energy per unit GDP) to decline 16 percent from 2010 to 2015 and industrial energy use per unit of value-added output to decline 21 percent over that period.32 The central government identified more than 50 specific measures to be undertaken to accomplish these goals, many of which are implemented by provincial governments.33

Targets should be ambitious but technically achievable. One approach is to set targets by benchmarking against the most efficient facilities in the country or globally, ensuring that the technology to meet the targets exists in the commercial market. For example, in 2010 Japan introduced a program requiring industries to achieve a 1 percent annual energy efficiency improvement. Industries in major subsectors (e.g., steel, cement) were required to achieve the efficiency level of the top 10 percent or 20 percent of best-performing companies.34 Similarly, the Netherlands set mandatory energy efficiency targets through negotiation with industry in its Energy Efficiency Benchmarking Covenant, aiming to fall within the top 10 percent of industries globally.35 Unfortunately, the Dutch program did not reach its goal, as industrial energy efficiency improved at 0.5 percent per year, not enough to put Dutch industry into the top 10 percent.36

Targets should be technology neutral, allowing companies to determine the lowest-cost ways to reduce their energy intensities. Targets that reflect whole-facility performance may be particularly useful for rewarding companies that use integrative design, a set of principles that focus on achieving efficiencies through better linking of different components (e.g., via ductwork or piping).37 Opportunities for energy savings may be missed if policies consider only the efficiencies of the underlying components themselves (such as boilers) and not the energy losses as materials are moved between components.

Many governments have opted for voluntary rather than mandatory targets. These policies have similarities to mandatory targets, but they rely on providing participating companies with good publicity or other rewards to encourage compliance, such as eligibility for special tax breaks (an approach used in Denmark and the Netherlands). Voluntary targets are politically easier to enact but tend to be less effective than mandatory targets. An example of a voluntary program covering industrial efficiency (and methane leakage) is the United States’ Natural Gas Star program.38

Encouraging the Adoption of Energy Management Systems

Governments may integrate energy management system requirements into national or subnational programs or codes. The existence of an international standard (ISO 50001) may simplify this process for many governments by reducing the need to devise and write specific energy management procedures or practices into law and by harmonizing requirements across jurisdictions (making it easier for multinational companies to comply). For example, Japan’s energy conservation law makes specific reference to ISO 50001 as a compliance mechanism, and Canada offers a variety of incentives for ISO 50001–compliant businesses, such as cost-sharing assistance and training opportunities.39

Energy Audit and Energy Manager Requirements

Governments may require companies to undertake an energy audit, a process in which an energy management professional reviews current energy use and identifies opportunities for improvement. These requirements may be particularly useful for companies that want to participate in a government program that provides financing for upgrades, first to establish baseline energy use and improvement opportunities and later to verify that targets were met. Government may also establish requirements for energy managers or auditors. Several certification programs exist for energy management professionals, run by organizations such as the Association of Energy Engineers.

Policies to Support Research and Development

A variety of policies support businesses’ efforts to improve their products and processes through R&D. A separate chapter in this policy design guide is devoted to R&D support policies, so they will not be discussed here.

When to Apply This Policy

Most countries, states, and provinces possess industrial facilities, some of which could probably benefit from industrial efficiency policies. However, the appropriate policies to encourage industrial energy efficiency depend on the level of industrialization and development of the region.

Lowest-Income Countries

Countries that have experienced little development may possess industries that rely significantly on human labor, such as natural resource extraction, cement and other construction materials, textiles and garments, and pulp and paper. Facilities are likely to have older and cheaper equipment, making them inefficient. This gives industries a large incentive to upgrade. However, capital and financing may be scarce, and more efficient equipment may have to be imported at high cost, making it difficult to afford upgrades. Government capacity to require accurate energy usage reporting or to enforce standards may be low.

In these regions, a combination of education or technical assistance and financing policies may be the best fit. Education about proper equipment maintenance and improved operations may deliver some energy savings even without capital investment. Many industries cannot afford to purchase upgraded equipment without aid and may have difficulty securing credit, so a government program to provide financing for efficiency upgrades may be necessary. A financing program should be coupled with technical assistance, provided by either the government or carefully vetted ESCOs, to ensure money is spent appropriately and the efficiency upgrades make sense. Some countries may be able to obtain international aid or development money to fund industrial energy efficiency programs.

Equipment standards may be considered for specific components, such as electric motors, which can be enforced at the point where the components are imported or manufactured. It may be advantageous to adopt a set of standards established by a more developed country with an expert regulatory agency rather than attempting to create voluminous technical standards from scratch.

Fiscal incentives and mandatory facility-wide or industry-wide targets may be poor choices. Fiscal incentives may be difficult to fund, and it may be challenging to ensure incentives are awarded only in proper circumstances. Facility-wide or industry-wide targets require monitoring capabilities that may be infeasible, and business owners might find that the necessary upgrades to meet the mandatory targets are financially out of reach without financing support.

Middle-Income Countries

This category includes developing countries that have made significant progress in diversifying their economies away from agriculture and natural resource extraction, with manufacturing and heavy industry often playing a large role. These countries are more urban and have higher energy consumption per capita than less-developed countries. It is particularly important that middle-income countries adopt strong industrial energy efficiency policies, because they are likely to have extensive industrial capital, much of it still inefficient.

Financial support and technical assistance remain useful in middle-income countries, although they are not as crucial as in less-developed countries. This is because more capital may be available through nongovernment channels, and more expertise may be available in the private sector. The inefficiency of much existing equipment already provides a significant financial incentive to upgrade.

Middle-income countries are at a stage where it is important to establish good practices in industry. Incentives or requirements for energy management systems, such as ISO 50001, may be introduced into national or subnational targets or policies. Similarly, requirements for energy audits and energy manager certification may ensure that energy savings are identified and realized efficiently.

Governments at this stage should be able to build functional energy reporting and monitoring programs, at least for larger industrial facilities. This opens up the possibility of using mandatory targets. Mandatory targets may be a good fit for a middle-income country, because their clarity and avoidance of technology prescription make them easier to comply with and to enforce. Financial incentives such as higher electricity prices for less efficient facilities may also be an option, as long as the energy monitoring system is resistant to cheating. Financial rewards for efficient equipment (such as high-efficiency boilers or air compressors) may also be a good fit if funding is available.

High-Income Countries

As a country develops, its economy may begin to transition from manufacturing to services. However, significant manufacturing is likely to remain, particularly for high-value goods and those that benefit from capital-intensive, highly refined production processes (e.g., those that involve robots and factory automation). The manufacturing of cars is a good example.

Financing and technical assistance programs are comparatively less important in advanced countries, because these countries have strong banking and financial systems that can provide credit to businesses seeking to upgrade their facilities. Similarly, they often possess high-quality training programs and the ability to attract skilled talent from other countries, reducing (but not eliminating) industry’s need for education and technical assistance.

Equipment standards are highly effective in developed countries. These countries have the capability to develop robust, ambitious, and achievable standards and to gradually tighten those standards as technology develops. Mandatory targets at the facility level may also be helpful to encourage efficiency opportunities not captured by standards specific to individual pieces of equipment, such as those available through integrative design. Finally, developed countries are often in the best position to fund financial incentives, such as rebates for highly efficient equipment. Rebates and standards complement each other: Rebates provide an incentive to buy the most efficient models on the market, whereas efficiency standards tend to improve the efficiency of the bottom of the market by eliminating the worst performers.

Highly developed countries often import many of their manufactured goods. Because greenhouse gas emissions have global impact, an importer may be offshoring some of the emissions that are attributable to its consumption. Providing financial and technical assistance to developing countries that manufacture goods, thus facilitating their implementation of industrial energy efficiency programs, may in some cases allow emission reductions at lower cost than policies to improve the efficiency of domestic industry.

Detailed Policy Recommendations

The following policy design principles apply to industrial energy efficiency policies.

Policy Design Principles

Create a Long-Term Goal and Provide Business Certainty

It may take years for manufacturers of industrial equipment to research design improvements that reduce electricity or fuel consumption without adding too greatly to the equipment’s cost and without compromising other performance characteristics. Businesses need sufficient time to make the necessary research and development investments and changes in their manufacturing lines. If standards are set just a few years at a time, businesses may be unsure whether standards will continue to become more stringent in future years. This means they will not know whether modest investment in near-term improvements is sufficient or if a larger investment in a new technology or major design change might be worthwhile.

Companies must often invest large amounts to build and equip facilities, which they then recoup by producing and selling products over many years. Long-term knowledge of the standards can help businesses sync their capital upgrade cycles to changes in the standards.

Financial incentives and especially financing programs also need to have a long time horizon so that industries can take advantage of these programs when making capital equipment budgeting plans (which may extend years into the future). Certainty of the availability of financing lowers risk, aiding business owners’ calculations about what upgrades make sense and potentially saving money or improving shareholder confidence.

Build In Continuous Improvement

Continuous improvement is especially important for efficiency standards. The purpose of efficiency standards is to eliminate the worst-performing products from the market, gradually improving the efficiency of industry as a whole. If standards are not updated to become more stringent over time, they become ineffective at driving improvements and fail to achieve their purpose. Standards may be reviewed at known intervals, or improvements may be based on the top-performing industrial equipment already commercially available.

Focus Standards on Outcomes, Not Technologies

To the extent feasible, given the diversity of types of industrial equipment, standards should be written to be technology neutral. For example, standards should be based on performance characteristics of the type of equipment being regulated rather than design characteristics of the equipment. This policy design principle also applies to mandatory targets, which should set overall energy use requirements for facilities or per unit output, to give businesses flexibility in identifying technologies and processes to be used to achieve the target.

Ensure Economic Incentives Are Liquid

Businesses sometimes fail to achieve profits. This may be due to a period of low sales, a decision by management to reinvest revenues in expanding manufacturing capacity, or other factors. If financial incentives for efficiency upgrades are provided in the form of nonrefundable tax credits, businesses may be unable to take advantage of the incentives if they do not have enough taxable income after deductions. Incentives provided as a rebate, cash grant, or low-interest loan are accessible to a broader range of manufacturers.

Additional Design Considerations

Avoid Inducing Leakage and Offshoring

The industry sector is more able than other sectors (transportation, building, electricity generation, or land use) to respond to tougher regulations by moving operations to a different jurisdiction to escape the reach of the policy. This is commonly called leakage or offshoring. Policymakers designing policies to encourage industrial energy efficiency must therefore be mindful about imposing financial burdens. For policies that provide “carrots” such as low-cost financing, technical assistance, rebates on efficient equipment, and the like, inducing leakage is not a concern. Well-designed equipment standards will mandate the purchase of equipment with reasonable payback periods, a beneficial investment that generally will not encourage offshoring. Financial penalties for industries that use a lot of energy are the type of policy most likely to cause leakage.

The decision to relocate production is a major one, and many factors play into a company’s decision (e.g., the availability of skilled labor, inputs, shipping costs). Policies to encourage industrial efficiency, even those that impose modest penalties on inefficient industry, are unlikely to be a primary cause of relocation. Engaging with industry stakeholders while designing policy and introducing “carrots” and “sticks” as a single package may help to gain industry buy-in and reduce leakage risk.

Over the long term, the best method to reduce offshoring is to develop a local environment that is favorable to industry. For example, robust investment in infrastructure and training programs to ensure a ready supply of skilled workers (such as Germany’s Dual Vocational Training Program)40 can help ensure that industries are better off if they stay and invest in efficiency than if they move to other regions where they need not invest in efficiency.

Case Studies

China’s Top-10,000 Program

The largest energy-saving policy program in the world is the “Top-10,000 Program,” an effort launched by China as part of its twelfth Five-Year Plan to reduce industrial energy consumption. The program targets “16,078 enterprises with annual energy consumption of approximately 2 billion tons of coal equivalent, accounting for roughly 87 percent of China’s total industrial energy consumption and 60 percent of the total national energy consumption.”41

The program incorporates many specific policies. Examples include training programs for energy managers, energy audits and an energy use reporting system, specific energy use reduction targets by province, both financial incentives and financing support for energy efficiency retrofits, and promoting work with ESCOs. Some enterprises also have energy-saving targets and are subject to sanctions if the targets are missed.42 The program’s goal was to save at least 255 million tons of coal equivalent during the twelfth Five-Year Plan period of 2011–2015.43 From 2010 to 2014, China’s industrial energy use rose by 28 percent, but this was slower than the rate of economic growth. China’s energy use per unit GDP dropped by 14 percent over the same period.44 As a result, China’s National Development and Reform Commission announced that the Top-10,000 Program saved 309 million tons of coal equivalent during this period, or 121 percent of the program’s target.45

A program that can achieve reductions in total industrial energy use, not just energy intensity of the economy, will be important for China in the years to come.

United States’s Superior Energy Performance Program

The Superior Energy Performance program is a voluntary program in the United States to provide assistance and give recognition to industries that improve their fuel efficiency. The program began in a pilot phase in 2010 and was launched nationally in 2012. To participate, a company must implement an energy management system and comply with a standard set by the International Organization for Standardization. The company must demonstrate at least 5 percent energy savings (for companies new to energy management) or 15 percent over 10 years (for companies with a longer track record of energy management). The level of achieved improvement in energy efficiency determines whether a company is certified at the “Silver,” “Gold,” or “Platinum” tier.46

The program includes a strong education and training element. In-person training and web-based tools and resources are available through the program.47

Facilities have achieved 5.6 to 30.6 percent improvement in energy efficiency over 3 years. The payback period is typically under 1.5 years for facilities with energy costs of at least $2 million per year.48

The Superior Energy Performance program is now being complemented by a new “50001 Ready” Program.49 This program has lower requirements and aims to entice more participants than the original program.

The main weakness of the Superior Energy Performance program is its voluntary nature. In fact, except for equipment efficiency standards, all U.S. programs for industrial energy efficiency are voluntary. (Only new source performance standards, under the Clean Air Act, require compliance.50 However, for industrial facilities, these standards pertain to emissions of non-CO2 pollutants,51 and there are many means by which these emissions can be reduced other than by improving energy efficiency.)

Bulgarian Energy Efficiency and Renewable Sources Fund

In 2004, Bulgaria established a revolving fund for financing energy efficiency projects. Originally called the Bulgarian Energy Efficiency Fund, it was renamed the Bulgarian Energy Efficiency and Renewable Sources Fund (EERSF) in 2011, when distributed renewable energy projects became eligible for funding. Initial capital for the fund came from the World Bank’s International Bank for Reconstruction and Development, the governments of Austria and Bulgaria, and private companies in Bulgaria.52 The fund assists industry via three mechanisms:


	The fund acts as a lender, directly providing financing to industries. Typical interest rates are 4.5 to 9 percent, and financed projects must use well-proven technologies with payback periods of 5 years or less.53

	The fund can provide credit guarantees, reducing the risk to private lender and thereby helping companies get financing from private banks. Credit guarantees cover either 50 or 80 percent of the total value.54

	The fund may act as a consulting company, directly providing technical assistance to Bulgarian firms on energy efficiency projects.55 EERSF may do this through collaboration agreements with ESCOs. It has signed such agreements with 17 ESCOs.56



Through December 2014, the fund “funded or provided guarantees to 170 energy efficiency projects for a total amount of 45.8 BGN (23.4 M €).” A total of 160 of those projects, which were funded by December 2013, achieved 95.4 gigawatt-hours per year of energy savings.57

Conclusion

The industrial sector is responsible for the plurality of the world’s energy consumption and greenhouse gas emissions. Reducing energy use in industry is a crucial part of the transition to a clean energy economy, and policymakers can take steps to accelerate this process. Five key types of policies, used in combination, deliver the best results: education and technical assistance, financing, financial incentives, mandatory targets, and equipment standards. Fundamentally, these policies help industry invest in higher-quality equipment that will save energy and quickly pay for itself, increasing the long-term competitiveness of affected businesses. As policies that both strengthen the economy and lower emissions, industrial efficiency policies are well suited to nearly all countries, especially those in need of ways to cut emissions while promoting long-term economic development.





CHAPTER TWELVE

Industrial Process Emission Policies

Industrial process emissions reflect all the nonenergy ways in which industrial production results in the release of greenhouse gases into the atmosphere. For example, natural gas leaks from pipelines and methane produced by enteric fermentation in livestock are types of process emissions. For purposes of this chapter, agriculture and waste management are each treated as an industry, although some reports classify these economic activities differently. Whereas the majority of energy-related emissions consist of carbon dioxide (CO2), process emissions are a mixture of CO2, methane (CH4), nitrous oxide (N2O), and various fluorinated gases (F-gases) with high global warming potentials, often used as refrigerants and propellants.

In many countries, process emissions account for a large share of all industrial greenhouse gas emissions. Figure 12-1 shows industry process emissions in the context of direct energy-related industry emissions, industry’s share of emissions from the production of electricity and heat, and nonindustry emissions for the United States and China.

In the United States in 2016, process emissions were 1.6 billion metric tons carbon dioxide equivalent (CO2e), representing 55 percent of all industry-related emissions and 24 percent of economy-wide emissions. In China, process emissions were 2.6 billion tons, although this represented only 28 percent of industry emissions and 20 percent of economy-wide emissions. The share relative to total economy-wide emissions is smaller because industries in China are less energy efficient than those in the United States, China has more heavy industry in its industrial mix, and a larger share of China’s final energy use is generated by coal.

Part of the challenge in reducing process emissions is the diversity of ways in which the emissions are generated. Although there are many cross-cutting techniques that save energy in a variety of different industries, measures to reduce process emissions often must be specific to each type of process.
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Figure 12-1. U.S. and China business-as-usual process emissions in context. (From Energy Policy Simulator, Energy Innovation, January 10, 2018, https://energypolicy.solutions.)

Fortunately, a limited number of processes are responsible for most process emissions. For example, Figure 12-2 shows that nine sources of process emissions were responsible for nearly 90 percent of all process emissions globally in 2010. Given the high concentration in a small set of processes, a limited number of technologies and strategies can have an outsize impact on process emissions.

Tackling process emissions can achieve at least 10 percent of the greenhouse gas emission reductions necessary to hit the two-degree target (Figure 12-3).

Policy Description and Goal

Given the fact that most of the world’s process emissions are produced from a narrow range of activities, our efforts will be most efficient and will have a greater impact if we focus on specific types of emissions: enteric fermentation and manure from livestock; methane leaks from natural gas systems; cement clinker production; greenhouse gases from soils, rice cultivation, and fertilizer use; methane produced in landfills; refrigerant use; methane leaks from coal mines; methane from wastewater treatment; and metallurgical coke for iron and steel production. Techniques exist to tackle each of these types of emissions, and policies such as monitoring and reporting requirements, performance standards, carbon pricing, and financial and technical assistance can help achieve emission reductions from each of these processes. Examples of successful programs include the Montreal Protocol (which in 2016 was expanded to cover refrigerants) and methane reduction initiatives to promote the use of anaerobic digesters (discussed later in this chapter) in California and Zimbabwe.
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Figure 12-2. Nine processes dominate global process emissions. (“Global Anthropogenic Non-CO2 Greenhouse Gas Emissions: 1990–2030,” U.S. EPA, 2012, https://www.epa.gov/global-mitigation-non-co2-greenhouse-gases/global-anthropogenic-non-co2-greenhouse-gas-emissions; “Climate Change 2014: Mitigation of Climate Change,” 2014, 749.)

Technologies and Measures to Reduce Process Emissions

This section discusses technologies and measures to tackle process emissions from each of the sources depicted in Figure 12-2, in order from greatest to least global process emissions.

Livestock Measures

Animal husbandry produces greenhouse gas emissions through two mechanisms: the decomposition of manure and enteric fermentation. If manure is left unmanaged, bacteria that consume nutrients in the manure release methane as a byproduct of their metabolism. The primary method of reducing these emissions is to process manure in anaerobic digesters, which convert the produced methane into electricity. This benefits the environment and provides power for farm or dairy operations. Anaerobic digesters are a commercialized technology, making them a promising method for achieving emission reductions from livestock. For example, in 2016 California passed legislation that will regulate greenhouse gas emissions from livestock beginning in 2024, and regulators are focusing on deploying anaerobic digesters as a means to hit the state’s target.1
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Figure 12-3. Potential emission reductions from industrial process emission policies. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa .ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage &page=about.)

The other major source of livestock methane is enteric fermentation. Certain herbivores, called ruminants, have two stomachs. Plant matter chewed and swallowed by a ruminant is sent to the first stomach, where bacteria help to break down the food in a process called fermentation. Methane is released as a byproduct, which is then expelled by the animal, mostly by belching. The animal later moves the plant matter back to the mouth, rechews it, and sends it to the second stomach, which leads onward to the rest of the digestive system. Ruminants convert more of the energy in their feed into methane than nonruminant animals. For example, a ruminant such as a cow may convert 5.5–6.5 percent of the feed energy into methane, whereas that percentage is closer to 2.5 percent for horses and 0.6 percent for swine (both nonruminants).2 Because of the large number of cattle in agriculture systems worldwide, the large amount of feed consumed by each cow, and the high methane conversion percentage for ruminants, cattle are responsible for most methane produced by enteric fermentation.

Various techniques have been proposed for reducing methane from enteric fermentation, such as varying the type, schedule, or quantity of food given to animals; including supplements in the food; or even vaccinating the animals so their immune systems attack methane-generating bacteria. None of these practices are yet well established or used commercially. Finally, a more direct way to reduce emissions from both manure and enteric fermentation would be to reduce the number of animals (particularly ruminants) in the agriculture system by reducing demand for meat and dairy products.

Prevent Methane Leaks from Natural Gas and Petroleum Systems

Methane, a powerful greenhouse gas, is the primary component of natural gas. It is colorless and scentless. (The familiar smell of natural gas is an odorant that is added for safety reasons.) Natural gas can leak at any point in its economic lifecycle: from the wellhead where it is produced, pipelines and meters that carry the gas to customers, customer-owned pipes and valves behind the meter, or gas-fired appliances.

Natural gas leaks are difficult to eliminate. A single oil and natural gas field may have up to a million connections (e.g., joints between pipes, gaskets, valves), and if even a small percentage of them are not perfectly airtight, high-pressure gas can be forced out.3 Natural gas pipelines in cities can be decades old and buried underground, making detection and repair of leaks difficult. For example, the City of Boston loses $1 billion worth of natural gas each decade though leaks from its aging cast-iron pipelines.4

Nonetheless, a variety of techniques can be used to detect and minimize methane leakage. Infrared video cameras can visualize methane plumes, and oil field operators may regularly survey their equipment with camera-equipped vehicles to check for leaks. Technology exists to capture the gas in the flowback from a newly drilled well, a process called green well completions.5 (More information on this appears in the “Case Studies” section later in this chapter.) And in the United States, studies have found that a disproportionate amount of leaked methane from oil and natural gas production facilities comes from a small number of problem sites,6 providing a chance to reap outsized benefits from tackling these opportunities. In some cases, fixing leaks saves money, because the gas being lost to the atmosphere is the product being transported and sold to end users.

Cement Clinker Substitution

Cement is an essential component of concrete, one of the most important building materials used around the world. Clinker is a hard substance that composes 74–84 percent of cement by weight, varying by world region.7 Clinker is created by the breakdown of calcium carbonate (CaCO3), the main constituent of limestone rock, into lime (CaO) and carbon dioxide (CO2). The CO2 is released to the atmosphere, and the lime reacts with silica, aluminum, and other materials to become part of the clinker.8

The main method by which cement clinker emissions can be mitigated is to reduce the share of clinker in cement. Other materials such as fly ash (a waste product from coal combustion) may be substituted for a portion of the clinker. However, there is a limit to how low the clinker percentage may be before the cement has undesirable structural properties. It is estimated that the clinker percentage may be reduced to as little as 70 percent.9

Another way to reduce emissions is by improving building quality and longevity, particularly in developing countries where construction standards may be lower than in developed countries. For example, in China, “the average period of time that … housing remains livable is a meager 35 years compared to a century or more in many developed countries,” and many buildings last no more than 20 years.10 If buildings, roads, and other infrastructure need to be rebuilt every few decades, this requires much more cement production and hence results in more process emissions than if buildings last a century.

Cropland and Fertilizer Management

Growing crops generates greenhouse gas emissions through the decomposition of organic matter in the soil and the application of fertilizer.

Each year, organic matter is added to the soil as crops grow, and it later decays, releasing CO2 and methane. Tilling (turning over and breaking up the soil) is often performed before planting, to loosen compacted soil and mix nutrients. However, this process exposes organic matter to air and accelerates the release of emissions into the atmosphere. Tilling the soil less frequently or refraining from tilling altogether can allow more carbon to build up in the soil until the soil becomes saturated with carbon in about 20–25 years. However, reducing or eliminating tilling can reduce the productivity of some crops.11

After the harvest each year, planting grass or a legume as a cover crop for the winter can help reduce the release of organic matter from soils. Also, a winter cover crop may allow less fertilizer to be used in the next season.

Reduced tillage and the use of winter cover crops must be continued for as long as the carbon storage is to be maintained. Should the cropland be returned to typical farming practices, the stored carbon will be released to the atmosphere.

Application of fertilizer results in emissions of N2O, because only some of the nitrogen in the fertilizer is successfully taken up by the plants. There are techniques to increase the fraction of applied nitrogen that is used by plants, including improved fertilizer application methods and timing, reduction in the amount of fertilizer used, and the use of nitrification inhibitors. Nitrification inhibitors are chemicals that slow the conversion of ammonium (NH4+ in decomposed fertilizer) to nitrate (NO3–, a plant-available form of nitrogen), so that plants have time to capture more of the nitrate before it volatilizes or leaches away.

Additionally, there are several considerations particular to the growing of rice. Around the world, most rice is grown in paddy fields, which are flooded with water periodically throughout the growing season. While a rice field is flooded, the soil is in an anaerobic environment, or deprived of oxygen. This allows microbes to produce methane as they ferment organic matter in the soil.

A key method of reducing methane emissions from rice cultivation is to reduce the amount of time the rice fields remain flooded. Draining a field halfway through the growing season or engaging in alternating wetting and drying greatly reduces methane emissions, and these practices may or may not decrease crop yields, depending on the soil conditions, climate conditions, wetting-and-drying technique, and rice cultivar.12 However, these water management practices may not be possible in some areas that are naturally flooded, where farmers lack reliable control over irrigation systems, or where fields are not sufficiently level (because of the formation of wet and dry pockets).

Preventing Methane Leaks from Landfills

The decomposition of organic material under anaerobic conditions in landfills results in the generation of methane, which makes up roughly 50 percent of landfill gas.13 Rather than being allowed to reach the atmosphere, landfill gas can be harvested by drilling wells in the landfill and using a blower or vacuum system. This allows the gas to be collected at a central point, where it can be used to generate electricity (usually by powering an internal combustion engine) or may be used directly to replace another fuel, such as natural gas or coal.14 Another way to reduce landfill methane emissions is to divert organic waste from landfills through techniques such as reducing food waste and composting.15 (During composting, decomposition typically occurs in aerobic conditions, which produces much less methane than anaerobic decomposition.)16

Eliminating Refrigerants with High Global Warming Potential

Fluorinated gases (F-gases) are chemicals used for a variety of industrial purposes. For example, F-gases are often used as a refrigerant, as a propellant in aerosol canisters, and as an electrical insulator in high-voltage transmission systems. Many F-gases are replacements for ozone-depleting substances, chemicals that damaged Earth’s ozone layer and that were largely phased out as a result of the 1987 Montreal Protocol. Although the remaining F-gases used in industry today do not damage the ozone layer, many are powerful and long-lived greenhouse gases, so they contribute significantly to global warming.

Most F-gases that are produced eventually reach the atmosphere. For example, the refrigerant in an air conditioner may leak slowly, or it may be released when the air conditioner is scrapped at the end of its useful life. One way to reduce F-gas emissions is to better seal systems against leaks and to establish recycling or takeback programs for old products containing F-gases. However, the best technique is to avoid creating F-gases in the first place by substituting different chemicals in industrial applications. The best choices are chemicals that neither contribute to global warming nor damage the ozone layer but still allow the system to operate at high efficiency. Examples of environmentally friendly refrigerants include R-717 (ammonia), R-744 (CO2), R-1270 (propylene), R-290 (propane), R-600a (isobutane), and R-1150 (ethylene).17 Some of these alternatives come with their own dangers (e.g., propane is highly flammable), but different substitutes can be used for different applications to lower risks.

The 2016 Kigali amendment to the Montreal Protocol, discussed as one of the case studies in this chapter, mandates the phase-out of many F-gases and the substitution of less harmful refrigerants and propellants.

Controlling Methane Leaks from Coal Mining

As coal is formed underground over millions of years, methane is also formed in the coal seams. Coalbed methane refers to all of the methane that forms in these seams, whereas coal mine methane refers to the portion of that methane that would be released through mining activities.18 In underground mines, coal mine methane buildup can create an explosive hazard and a danger to miners, so it is collected and vented with degasification systems. Methane also can leak from mine ventilation systems, and leaks may persist after a coal mine is abandoned.19

Equipment may be used to capture the methane emitted from coal mines, particularly from degasification systems, which emit methane at a higher concentration than ventilation systems. Mine ventilation systems are the single largest source of methane emissions from coal mines, but the high air flow rate and low methane concentrations (less than 1 percent) make it difficult to capture and use this methane cost-effectively.20

Captured coal mine methane can be put to economically productive uses. Captured coal mine methane is most often used for power generation, district heating, or boiler fuel, or it can be used on-site for coal drying, fueling mine boilers, or other purposes.21

Finally, technologies that reduce the use of coal as an energy source (such as renewable energy sources) might allow for fewer coal mines and thereby reduce coal mine methane emissions.

Reducing Methane Emissions from Wastewater Treatment

Methane is produced from decomposing organic material, especially under anaerobic conditions. In developed countries, most wastewater is treated in aerobic conditions, so little methane is generated directly. However, the bio-solids that remain after water treatment, if not managed properly, may produce methane. In developing countries, wastewater, if treated at all, is usually treated under anaerobic conditions and produces methane directly.22

Biosolids may be processed in an anaerobic digester. (Anaerobic digesters are discussed earlier, in the “Livestock Measures” section, and later as a case study.) In developing countries without modern wastewater treatment facilities, the best solution is to construct centralized aerobic water treatment plants, if the population and infrastructure can support these facilities. Otherwise, existing anaerobic lagoons may be retrofitted with covers and biogas capture systems, a simple and low-cost measure. Additionally, it is important to ensure staff are trained to maintain and efficiently operate the facilities.23

The captured biogas may be treated and sold to a natural gas utility or used as fuel for fleet vehicles. Captured biogas can also be burned to generate electricity or heat, ideally in a combined heat and power system.24

Reducing Metallurgical Coke Production for Iron and Steel

Most iron and steel is created in blast furnaces or basic oxygen furnaces. These furnaces are used to convert mined iron ore into pig iron or to convert pig iron and various alloy metals into steel. Blast furnaces are fueled by coke, a substance created when pulverized coal is heated in an oxygen-free environment, a process called coking.25 Coke is used both as a chemical-reducing agent (to remove oxygen from the iron oxide in iron ore) and to generate the high temperatures needed for steelmaking.26

Several techniques exist for reducing coke production and use. Electric arc furnaces can generate the high temperatures needed to make steel without the need for coal, but they do not provide a source of carbon as a chemical-reducing agent, so they are used primarily to reuse scrap steel rather than to create new steel.27 Modern blast furnace designs can reduce the amount of coke needed to produce a quantity of steel. And steel companies are developing technology that would allow natural gas to be used in place of coke as the carbon source in steelmaking, thereby offsetting the emissions generated when producing coke.28

Policies to Reduce Process Emissions

A variety of policies can be used to tackle process emissions. Many are discussed in detail in other chapters of this book and therefore will be only briefly covered here.

Monitoring and reporting requirements may be a necessary precondition for the application of certain other policies, such as performance standards, financial incentives, or a carbon price. Currently, few industrial facilities measure or track their process emissions. Where direct measurement may not be practical (e.g., in agricultural operations), equations may be developed that estimate process emissions based on the amount and type of activity taking place (e.g., the number of cattle in a dairy, what they are fed, how their manure is managed).

Performance standards may be most familiar in the context of regulating energy use (such as the distance a car can travel on a given quantity of gasoline), but they can also be applied to process emission sources. For example, government may mandate that a certain percentage of landfill gas be captured from landfills or that no more than a certain percentage of clinker be used in cement. In the natural gas and petroleum industry, standards may mandate green well completions, which reduce methane leakage at the wellhead. Coal mines may be subject to requirements for capture and flaring of methane. To control F-gases, governments may ban specific refrigerants and propellants. Standards may also be used to tackle building quality and longevity, lowering the amount of cement needed for reconstructing buildings.

A carbon price (a carbon tax or cap-and-trade program, discussed in Chapter 13) can provide a financial incentive for companies to find cost-effective ways to reduce process emissions. Of course, to be effective the carbon price must be applied not only to energy-related emissions but also to process emissions, and it must be levied not only on CO2 but also on other greenhouse gases.

Financing assistance can help companies purchase different or upgraded equipment, such as an anaerobic digester for a dairy, or retool their assembly lines to use substitutes for F-gases in refrigerators and air conditioners. Financing could be provided via grants, low-interest loans, loan guarantees, a revolving fund, a green bank, or other mechanisms.

Government procurement decisions can account for lifecycle emissions, including process emissions. If government refuses to purchase goods whose manufacture entailed high emissions (or applies a “shadow price” to these goods, making them less able to compete with goods produced in a more environmentally friendly way), this encourages emission cuts by companies that want to sell their goods to the government. An example of this type of policy is California’s Buy Clean Act.29

Technical assistance and training programs can help some businesses, particularly small and medium enterprises and farmers, to understand their sources of process emissions and mitigation strategies. Information about best practice inspection and maintenance protocols can help avoid degradation in performance over time. Technical assistance may be particularly helpful in developing countries and when dealing with industries containing many small producers, such as agriculture (livestock measures, cropland management), and in some countries, the cement and waste management industries.

Economic signals for goods or materials substitution may be used to divert purchases from high-emission to lower-emission choices. For example, a tax on virgin steel or a subsidy for recycled steel may increase the share of steel production from scrap steel in electric arc furnaces. A tax on meat from ruminant animals may encourage a shift to nonruminant animal or plant sources of protein. And a variety of policies (discussed elsewhere in this book) can encourage a shift from coal-fired power generation to other electricity sources.

When to Apply This Policy

Because almost every country has agricultural or industrial production, it is likely that almost every country could benefit from application of some of these policies. The choice of policies to focus on in a particular country should be guided by the prevalence of relevant industries and practices that could be changed.

For example, in countries with rapid urbanization and building quality problems, such as China, codes mandating building and infrastructure quality, to promote longevity, may be among the highest-priority policies. It is cost-effective to put strong building codes in place while a country is still expanding its infrastructure base and building stock, to avoid the cost and emissions associated with rebuilding. In a country that is already urbanized and has a high-quality building stock, these policies are less important.

Countries with large amounts of natural gas production and old gas distribution infrastructure, such as the United States, are prime targets for policies tackling methane leaks. Countries with large coal mining operations should consider ways to tackle coal mine methane. Any country that produces refrigerants and propellants should use policy to mandate a transition from F-gases to safer chemicals.

Case Studies

Policies to tackle process emissions are novel, but some helpful precedents do exist.

The Montreal Protocol

Background

The Montreal Protocol is a landmark international agreement finalized in 1987 and amended several times since then, most recently in Kigali in 2016. In this treaty, countries agreed to phase out ozone-depleting substances that were progressively destroying Earth’s stratospheric ozone layer, which protects the surface from harmful radiation.30 The treaty was successful at reducing emissions of more than 100 ozone-depleting substances by more than 99 percent.31

The protocol is widely regarded as the most successful international environmental treaty. In fact, United Nations secretary-general Kofi Annan stated that it was “perhaps the single most successful international agreement to date” (i.e., environmental or otherwise).32 It was the first universally ratified treaty in United Nations history.33

Originally, the Montreal Protocol primarily targeted two categories of gases: chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs), both of which damage the ozone layer and are also potent greenhouse gases. CFCs, the more harmful of the two categories of gases, were to be phased out on a faster schedule than HCFCs. The protocol was amended several times to add new chemicals to the list of controlled substances and to accelerate the phase-out timetables for chemicals already on that list.34

In 2016, under the Kigali Amendment, the agreement was modified to require the phase-out of hydrofluorocarbons (HFCs).35 This class of chemicals is not damaging to the ozone layer, but HFCs are potent greenhouse gases, and they are used for some of the same purposes (such as refrigerants and aerosol propellants) as were CFCs and HCFCs before them. This amendment, and actions taken by individual countries to comply with it, may be the best policy option for reducing F-gas process emissions globally.

Reasons for Success

There are several reasons for the Montreal Protocol’s success. First, the science behind ozone layer depletion was widely accepted by the general public. After the 1973 discovery that CFCs could lead to ozone depletion, the industries that manufactured CFCs and aerosols, particularly DuPont, undertook a massive disinformation campaign in an attempt to cast doubt on the link between their products and ozone layer damage.36 However, the discovery of the ozone hole above Antarctica in 198537 helped to confirm the science and demonstrate the urgency of the problem, catalyzing the international community.

Second, the Montreal Protocol included a multilateral fund, which provided a way for developed countries to provide financial support to help developing countries transition away from CFC and HCFC use. This fund is still important today in facilitating the phase-out of the last HCFCs still being produced in a few developing countries.38

Third, the treaty avoided becoming politicized. In the United States, it was Republican president Ronald Reagan’s crowning environmental achievement, and it has been supported and strengthened by both Republican and Democratic presidents.39

Examples of Country-Level Implementation: The United States and Japan

As an international treaty, the Montreal Protocol had to be made effective through laws in each individual country. This is where the policy design guidelines in this chapter come in.

For example, in the United States, the Environmental Protection Agency (EPA) implemented the HFC phase-out through the Significant New Alternatives Policy program. Under this program, the EPA evaluated alternative chemicals for a variety of different use cases, such as chemicals used for fire suppression, household refrigerators, and motor vehicle air conditioning systems.40 Factors considered by the EPA include effects on ozone depletion, climate change, exposure and toxicity to humans, flammability, and other environmental impacts. The EPA uses a comparative risk framework: It does not require that substances be risk-free, and it restricts only chemicals whose impacts are significantly worse than alternatives, to avoid interfering with the market’s selection of alternative substances more than necessary.41

Japan has been a leader in using policy to accelerate the transition away from F-gases. Even before the Kigali Amendment, Japan enacted policies to begin drawing down refrigerant emissions.42 Japan’s law, enacted in 2015, covers the entire product lifecycle. It phases down refrigerant production by manufacturers and importers, promotes low–global warming potential and nonfluoro-carbon products, prevents leakage from equipment while in use by requiring periodic checks and maintenance, and promotes recycling by licensed companies at end of equipment life.43 Japan worked with 14 domestic industry organizations, such as the Japan Chemical Industry Association and the Japan Automobile Manufacturers Association, to implement product labeling with refrigerant and global warming potential information and to encourage manufacturers to set and achieve voluntary targets.44

Zimbabwe’s National Domestic Biogas Program and California’s Dairy Digester R&D Program

Of the process emission reduction technologies discussed in this chapter, anaerobic digesters for manure and organic waste are among the most broadly applicable. Government programs to fund digester construction exist in places ranging from California, one of the world’s most developed and high-tech economies, to rural Zimbabwe. Both of these programs are discussed here to illustrate the range of approaches that can be used to successfully deploy this technology.

In California, the state’s Department of Food and Agriculture operates the Dairy Digester Research & Development Program, which provides financial assistance for the installation of digesters in dairies in California.45 The program is funded by the state’s Greenhouse Gas Reduction Fund.46 In 2017, 18 projects were awarded a total of $35.1 million in funding, with a total project cost of $106.4 million, so every government dollar leveraged more than $3 in private sector money.47 Project sponsors must submit a detailed application and are carefully evaluated against a variety of criteria, including benefits to disadvantaged communities, financial strength, greenhouse gas emission reduction estimates, economic and environmental co-benefits, and project readiness (including compliance with the California Environmental Quality Act and other laws, as well as outreach to surrounding communities). Awardees must report verified emission reductions for 10 years after the project is operational.48 In Zimbabwe, three government ministries partnered with two Dutch nongovernment organizations, SNV and Hivos, to create the National Domestic Biogas Programme.49 This program aims to construct digesters throughout Zimbabwe to facilitate the creation of biogas (a mixture of gases from decomposition of organic material, primarily methane). Rather than being used to generate electricity, as in California, the biogas created in Zimbabwe will be used directly for cooking and lighting and for powering biogas-burning appliances.50 Anaerobic digesters have many benefits when used in rural Africa. In addition to reducing emissions, a digester may improve the sanitary conditions on a farm, eliminate indoor air pollution from the burning of traditional biomass, significantly reduce the workload related to food preparation, and produce high-quality fertilizer (the fermented bio-slurry).51 However, anaerobic digesters need significant amounts of manure and water to operate effectively, so they may not be a fit for parts of Africa that lack access to reliable sources of usable water.52

To date under this program in Zimbabwe, more than 70 masons and 18 fabricators of parts have been trained in how to construct biogas plants.53 The project has supplied more than 1,385 households with biogas,54 has a target to construct 8,000 digesters by 2018,55 and aims to establish a vibrant, local biogas sector that will ultimately serve more than 67,000 households.56

U.S. Regulations to Reduce Methane Leaks from the Natural Gas and Petroleum Industry

In 2012, the EPA enacted standards limiting the emissions of volatile organic compounds, a type of local air pollutant, from natural gas and petroleum operations. In 2016, this rule was extended to cover greenhouse gases, particularly methane, and to cover a greater range of industrial activities and equipment. The new rule also requires owners and operators to find and repair methane leaks.57 The rules require monitoring for leaks on a fixed schedule (twice a year or quarterly, depending on the type of equipment). The rules allow multiple leak detection methods, including optical imaging or the use of an organic vapor analyzer,58 and they permit producers to apply to use other technologies, to allow innovation.59

The rule also phases in requirements that drillers perform green well completions. After a new well is drilled, before it begins production, a substance called flowback (a mixture of drilling fluids, gas, oil, water, and mud) is extracted from the well. This process takes from a single day to several weeks. (Wells involving hydraulic fracturing, or “fracking,” produce more flowback than non-fracked wells.) In a conventional well completion, the flowback is directed to an open pit or tank, where the gas released from the mixture is vented to the atmosphere, or sometimes flared. In a “green completion,” equipment is used to separate the gas, liquid, and solid components of the flowback mixture, and the gas is captured for onsite use or sale.60 The necessary technology is mature and can capture up to 90 percent of the gas in the flowback stream.61

The EPA has estimated that the rule will yield climate benefits of $690 million in 2025, outweighing the costs of $530 million, and will also achieve improvements in public health (reduced illness and deaths) thanks to reductions in toxic air pollutants.62

Conclusion

Industrial process emissions are an important source of greenhouse gases, accounting for 55 percent of all industry-related emissions in the United States and 28 percent in China. Although industry is diverse, just nine types of activity produce almost 90 percent of global process emissions: enteric fermentation and manure from livestock; methane leaks from natural gas systems; cement clinker production; emissions from soils, rice cultivation, and fertilizer use; methane produced in landfills; refrigerant use; methane leaks from coal mines; methane from wastewater treatment; and metallurgical coke for iron and steel production. Techniques exist to tackle each of these types of emissions, and policies such as monitoring and reporting requirements, performance standards, carbon pricing, and financial and technical assistance can help achieve emission reductions. Examples of successful programs include the Montreal Protocol (which in 2016 was expanded to cover F-gases) and anaerobic digester deployment initiatives in California and Zimbabwe.





SECTION V

CROSS-SECTOR POLICIES

In addition to sector-specific policies, cross-sector policies are crucial to decarbonizing the economy. Indeed, one of the most important policies for decarbonization, carbon pricing, typically operates across multiple sectors, helping deliver large emission reductions. Similarly, support for research and development (R&D), which is critical to lowering the long-run costs of decarbonization, typically targets technological breakthroughs in different parts of the economy.

These policies are essential for decarbonizing the economy and doing so cost-effectively. Although the effect of carbon pricing is directly related to the price or emission cap used, in our analysis we find that strong carbon pricing set at the social cost of carbon can achieve 26 percent of the emission reductions necessary by 2050 to hit the two-degree target.

We do not explicitly model the effect of R&D on reducing emissions because of the challenges in making assumptions about R&D achievement and spending. However, R&D breakthroughs would lower the costs of meeting the two-degree target and would probably reduce the number and strength of policies needed. For example, decades of R&D, coupled with strong policies driving deployment, have helped drive down the costs of zero-carbon electricity generation technologies, including solar photovoltaics and wind turbines. As a result, it is much more cost-effective today to provide zero-carbon electricity than it has ever been in the past. The history of research-based cost declines coupled with well-designed policy shows how R&D fits together with other policy types to drive down costs and accelerate the clean energy transition.





CHAPTER THIRTEEN

Carbon Pricing

Carbon pricing is a critical tool for reducing emissions. Ideally, it should cover all sectors of the economy, although some regions have applied it only to specific sectors. Policymakers can either impose a cap on emissions, using a permit trading scheme to limit emissions and achieve the most cost-effective set of reductions, or impose a tax on emissions. In either case, the price of emitting greenhouse gases will increase, providing an incentive to reduce emissions.

Many economists suggest that carbon pricing, set at the social cost of carbon—the sum of social damages from each ton of carbon emitted—is the only policy needed to efficiently reduce emissions. This assertion is false. However, carbon pricing is an essential part of a policy portfolio for tackling emissions. It influences energy use and investment decisions and, designed well, can encourage a cost-effective set of emission reductions. It can also be used to raise revenue for other policies or technologies.

The impact of carbon pricing depends on its design and on the price. Our modeling of a carbon price set at the social cost of carbon suggests it can deliver at least 26 percent of the emission reductions necessary to meet the two-degree target (Figure 13-1).
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Figure 13-1. Potential emission reductions from carbon pricing. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Policy Description and Goal

Most regions of the world do not have a price on carbon emissions. When coal power plants spew CO2 into the atmosphere or natural gas producers vent methane, they are allowed to do so for free. Yet these emissions come with huge social costs. Carbon pricing creates a cost for producing greenhouse gases, discouraging their emission.

The introduction of a price on carbon emissions reflecting the damage they cause spurs investment in new low- and zero-carbon technologies while encouraging manufacturers, power plants, and others to reduce emissions.

Although it can be a source of cost-effective emission reductions, carbon pricing should not be viewed as a silver bullet. Political barriers tend to result in prices on emissions that are far lower than the true harm they cause to society, resulting in too few emission reductions. Additionally, many important emission reduction opportunities are not price responsive (as discussed in Chapter 2) and therefore will not respond significantly to a price on carbon. An optimal policy package will combine carbon pricing with other policies to capture the price-resistant options.

Carbon pricing policies introduce a cost on carbon emissions either directly or indirectly:


	A carbon tax is levied directly through a per-unit charge on emissions of CO2 (or CO2e).

	A carbon cap, often called a cap-and-trade program or emission trading system, indirectly prices carbon through a requirement that large emitters acquire carbon allowances, each of which entitles the holder to emit a ton of carbon dioxide. The cap limits the number of allowances under the system. A market for allowances enables trading within and between covered sectors.



The core goal of pricing carbon is to reduce emissions, but there are often ancillary goals—equity, reducing conventional pollutants, stimulating economic or technological development, and cutting other taxes, to name a few. The different goals should be made explicit, because they will affect choices about how to design the policy. Of course, any design must be politically palatable, which often requires making tradeoffs.

Pricing carbon to control emissions has several advantages:


	It is technology neutral.

	It is a source of low-cost reductions.

	It creates an incentive that radiates across all sectors of the economy.

	It reduces the information burden on regulators, helping to overcome information asymmetries. Because of the economy-wide nature of carbon emissions and the complexity of modern economies, each firm knows its own operations and market better than regulators ever could. Carbon pricing uses market forces to encourage companies to put that knowledge to work discovering emission reductions.

	The price signal affects investment decisions and behavior for existing energy infrastructure for both consumers and businesses.

	It generates revenue, which can be used to:



- Reduce inefficient taxes, thus stimulating the economy.

- Support a faster, more efficient clean energy transition, through deployment incentives (which help bring down future costs and can fund reductions the carbon price itself would not induce) and through research and development (R&D), which helps achieve a broader set of low-cost, low-carbon options.

- Accomplish equity goals, such as ensuring that disadvantaged communities share in the gains, through emission reduction projects in the most polluted neighborhoods or targeted economic support.

A carbon tax and a carbon cap, in their pure forms, offer a choice between price certainty and quantity certainty. A carbon tax has a fixed price for each unit of emissions, granting price certainty, and the emission outcome that follows is determined by the response of people and businesses to that price. A carbon cap, by contrast, sets a cap on the allowable quantity of emissions, providing quantity certainty, and the price of emissions is revealed through the trade of allowances.

Either a well-designed carbon tax or cap can successfully and cost-effectively reduce carbon emissions. Where there is significant momentum for either a carbon tax or cap, proper design is more important than the type of policy selected; the two approaches are more similar than different. Whether or not they produce a good result depends largely on design and execution.

One of the biggest challenges in designing carbon pricing is finding a way to lower emissions while minimizing economic impact. The optimal policy will achieve steep emission reductions without forcing industry and its associated emissions and jobs to relocate outside the regulated region. Such relocation to other regions is commonly called leakage. The potential for leakage is often overstated, but it can be significant in sectors that rely heavily on global trade. When carbon pricing is applied to these sectors, it can be easy for manufacturers to relocate to other unregulated regions or for foreign manufacturers to outcompete the priced industry. The hybrid approach of blending a carbon tax with a carbon cap, discussed in the next section, helps balance environmental and economic goals.

The guidelines discussed in this chapter should be tailored to each jurisdiction. The following questions can help identify how the guidelines should be modified:


	How developed (and how large) is the economy that will be covered by the carbon price?

	What complementary policies does the jurisdiction have in place, and how will these affect future emissions?

	How strongly have neighboring countries or jurisdictions tackled climate change?

	Do trading partners have a carbon pricing policy or equivalent controls in place or under development?1

	Are the policies applied piecemeal, are they customized for different industries, or are they uniform?



When to Apply This Policy

Every climate policy portfolio should include carbon pricing. In addition to being a strong policy for driving down emissions, carbon pricing can overcome some drawbacks of other types of policy while providing new benefits.

For example, it can often be difficult for government regulators to gain access to proprietary information from polluting industries, but carbon pricing helps overcome this information asymmetry. By setting a price and then allowing industries to reduce emissions based on their unique costs, technology options, and emission profile, carbon pricing significantly reduces the amount of information regulators need compared with performance standards or other policy types.

Carbon pricing can also yield public finance benefits. For example, taxing a social harm such as pollution is more economically rational than taxing desirable economic inputs, such as labor and equipment.

Nevertheless, carbon pricing is not a silver bullet: It is a necessary but not sufficient part of an optimal policy portfolio. The optimal policy portfolio instead combines carbon pricing with a broad set of other policy types including performance standards, support for R&D, and supporting policies. Chapters 2 and 3 provide more detailed information on how carbon pricing fits within a broader climate policy portfolio.

Detailed Policy Design Recommendations

In this section, we discuss why creating a hybrid carbon pricing program is important and how to design such a program. The discussion begins by examining emissions and price uncertainty under both a cap and a tax and why this uncertainty implies that a hybrid program is best. After this discussion, we introduce the broader set of policy design principles that apply to carbon pricing.

Why and How to Create a Hybrid Carbon Price Program

Policymakers should consider both the price of carbon (which affects total program costs) and the targeted amount of emission reductions from the program. Because a carbon tax focuses solely on the price of carbon whereas a carbon cap focuses solely on the amount of emission reductions, using a strict version of either of these options can result in prices or emissions that differ from policy goals or expected outcomes of the program.

For example, if a carbon cap is set too low, it may result in higher costs than are expected or tolerable. Similarly, if a carbon tax is set too low, it may not deliver the emission reductions policymakers intend.

Policymakers can address these limitations by combining a carbon tax and a carbon cap into a hybrid carbon pricing program, providing a more balanced approach to managing uncertainty.

Technical Foundation

Here, we introduce the types of uncertainty under either a strict carbon tax or a strict carbon price.2 The concepts addressed throughout this discussion are illustrated in Figure 13-2.

Figure 13-2 shows an abatement supply curve, which provides information on the cost to reduce the next unit of emissions at a given starting level of emissions. The vertical axis shows the price to reduce a unit of emissions, and the horizontal axis shows the total amount of emissions. The bolded center curve shows the cost of reducing emissions relative to the total amount of emissions. As total emissions decrease (moving from right to left), eliminating the next set of emissions (moving left again) becomes more expensive. This pattern is also reflected in the marginal abatement and policy cost curves discussed earlier (see Chapter 3).
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Figure 13-2. A carbon pricing abatement curve.

The abatement supply curve shown in Figure 13-2 can be used to illustrate the expected emission reductions under a carbon tax or the expected price of allowances under a carbon cap.

For example, a carbon tax set at the optimal price (P*) will lower emissions from the level with no pricing to the optimal quantity (Q*). Because reducing another unit of emissions is more expensive than just paying the tax, companies will choose to just pay the tax.

Under a carbon cap, a cap set at the optimal quantity (Q*) will result in the optimal price (P*).

Of course, the price of reducing emissions in the future is somewhat uncertain. For example, technological breakthroughs could significantly reduce the costs of reducing emissions. Similarly, changes in the price of goods or energy might make it more or less expensive to reduce emissions. This uncertainty is captured by the blue area around the black curve.
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Figure 13-3. At a fixed price, carbon pricing has uncertain emission outcomes.

A carbon tax and a carbon cap handle this uncertainty differently.

Figure 13-3 shows how the total level of emissions could vary under a strict carbon tax.

When the price of carbon is fixed, emissions can be higher or lower than expected, given uncertainty in the cost to reduce emissions. If reducing emissions turns out to be more expensive than expected, emissions might actually decrease only to Qhigh. Conversely, if emission reductions turn out be cheaper than expected, emissions might fall all the way to Qlow. In sum, although a carbon tax provides price certainty, it is accompanied by emission uncertainty.

The inverse is true for a carbon cap, as shown in Figure 13-4.

When the total quantity of allowable emissions is fixed, the cost of reducing emissions to that target can be higher or lower than expected, given uncertainty in the cost to reduce emissions. If it turns out to be more expensive to reduce emissions than expected, the price of allowances under a carbon cap might be as high as Phigh. On the other hand, if it ends up being cheaper to reduce emissions than originally expected, the price of allowances might fall to Plow.

Ultimately, higher-than-expected emissions or higher-than-expected carbon prices might be unacceptable. Fortunately, combining a cap with a tax can balance these risks to reduce uncertainty.
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Figure 13-4. At a fixed cap, carbon pricing has uncertain price outcomes.

How to Create a Hybrid Carbon Pricing Program

The ideal carbon pricing program is a hybrid of a cap and a tax. The hybrid approach is built on a carbon cap, with a strong science-based emission target and with a minimum (floor) and maximum (ceiling) permit price. If the price of the carbon cap drops to the floor or hits the ceiling, it becomes fixed at the floor or ceiling price, essentially becoming a tax. This bounding of prices in a carbon cap program is also called a price collar. The use of a price collar helps ensure that a carbon goal will be reached unless carbon prices rise too much. (It’s worth noting that carbon reductions the world over have generally been far cheaper than expected.) The hybrid approach turns the weakness of price uncertainty under a carbon cap into an advantage. The price floor creates the potential to drive significant carbon reductions if the price to reduce emissions turns out to be lower than expected, and the price ceiling ensures costs do not rise above acceptable levels. The design of a price collar is discussed in more detail later.

Policymakers create a price ceiling by agreeing to release (usually through an auction) additional allowances if prices reach the price ceiling. When the number of allowances increases, the price of each allowance drops. The option to release additional allowances is sometimes called adding a safety valve: If prices rise too high, policymakers can open this “safety valve” to increase the number of allowances. This approach effectively caps the price of allowances at the ceiling level, providing the price certainty guaranteed by a carbon tax.
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Figure 13-5. A price collar can reduce the price uncertainty of a carbon cap.

To create a price floor, policymakers establish a minimum allowance price. The price floor allows policymakers to ensure a minimum price on carbon and corresponding revenue even if emission reductions turn out to be cheaper than expected. Over time, the minimum price should rise at a set percentage plus the rate of inflation.

Figure 13-5 shows how using a price collar to create a hybrid carbon pricing program bounds uncertainty.

With the price collar in place, the price is guaranteed to be at least as high as Pfloor but no higher than Pceiling. Compare this range of prices, indicated by the vertical red arrow along the y-axis, with the original range of prices, represented by the blue arrow. The price collar significantly reduces the price uncertainty associated with the carbon cap.

At the same time, the price collar introduces some uncertainty into the quantity of emission reductions, as shown by the horizontal red arrow along the x-axis. The price floor effectively reduces the number of allowances available, ensuring at least a minimum level of emission reductions are achieved. At the other side of the price collar, this program design makes additional allowances available at the price ceiling to ensure prices remain acceptable.

So far, we have looked at how to create a hybrid carbon pricing system starting with a carbon cap. However, policymakers can also create a hybrid program starting with a carbon tax. To create a hybrid carbon tax, the policy must adjust prices based on whether it is achieving the desired emission reductions. If emission targets are being met, the carbon tax does not need to increase. If emission reductions are falling short of desired levels, an increase in carbon tax would go into effect. To date, there are no real-world applications of this approach. However, one such proposal is being discussed in Washington State,3 and two recent research papers have taken on the topic.4

Policymakers should use careful quantitative analysis of policy impacts to identify a desired emission trajectory and price path when determining price floors and ceilings. These analyses should incorporate social costs and benefits, including the value of improved air quality for public health. If policymakers are unable to afford sophisticated modeling, one option would be to borrow approaches of neighboring jurisdictions.

Admittedly, hybrid cap and tax programs are novel, and choices about caps and price floors and ceilings are nuanced. Some impacts will need to be considered on a qualitative basis in parallel with quantitative analysis.

Once the desired price and emission reductions are identified, policymakers must identify the price ceiling, floor, and trajectory.

For a hybrid carbon cap, policymakers should set a price floor below and ceiling above the expected prices from the desired emission pathway. Ideally, the price floor should be set at 50 percent below the expected allowance price in a given year, and the price ceiling should be set at 50 percent above the expected allowance price. The floor and ceiling should rise steadily over time, at a rate of about 5 percent per year, plus the rate of inflation.

For a hybrid carbon tax, policymakers should set a price escalation schedule corresponding to the share of reductions achieved relative to the goal. Emission reduction should be tied to emissions in the start year of the program rather than trajectories of business-as-usual emissions, which are often highly uncertain, if not completely inaccurate. The tax should be raised based on how much emissions fall in response to the carbon price. If emissions do not fall at all, the tax should be increased by 7 percent. If emissions are reduced by less than half of the way to the target, policymakers can try increasing the tax by 5 percent. If emissions are reduced by more than half but still less than the goal, policymakers can try increasing the tax by 1 percent. These price increases should be in addition to the annual inflation rate.

Policy Design Principles

The policy design principles discussed in this section apply to carbon pricing programs.

Create a Long-Term Goal and Provide Business Certainty

Carbon pricing policy should be defined at least a decade into the future. Major investments involve a long planning horizon, and investors need sufficient long-term certainty and commitment in order to integrate a carbon price, or any policy, into the investment calculation.

Build In Continuous Improvement

A carbon price or cap should steadily improve, with prices increasing and emissions falling. In combination with long-term goals, steady improvement builds demand for innovation, helping drive a market for new low-carbon technologies. Allowing the policy to plateau or weaken undermines the ability of companies to confidently invest in R&D.

Capture 100 Percent of the Market and Go Upstream or to a Pinch Point When Possible

A cross-sector policy such as carbon pricing is well suited for broad coverage, which should aim to capture as close to 100 percent of emissions in the market as possible. Broad coverage discourages leakage. For example, if electricity is a covered energy source but natural gas combustion is not, then producers may shift to using natural gas instead of electricity to avoid the cost of a carbon price.

Administrative effort can be reduced by regulating at pinch points—places where the energy flows are concentrated. For example, petroleum refineries, where crude oil is delivered, or the terminal rack, where processed liquid fuels transition from ships, trains, and pipelines to local distribution, are a good choice for capturing oil-related emissions. In the electricity sector, utilities or power generators are better options for the point of regulation than end-use customers.

Carbon pricing programs often target emissions at large industrial sites, which include many types of facilities: petroleum refineries, electric power generators, cement plants, and so on. These facilities vary in size and emissions. Because some of these facilities have very low emissions and the cost of regulating them might outweigh the benefit, policymakers often need to establish a threshold below which emissions are not covered.

Yet the possibility of such a threshold may encourage some emitters to drop below in order to avoid regulation. To avoid industries clustering right below minimum thresholds, regulators can require the reporting of emissions below the threshold level for the policy. For example, policymakers might tax industrial facilities only if they have emissions of 25,000 tons or more, but they can also require reporting of emissions for any facilities with more than 10,000 tons. Setting the lower reporting requirement allows regulators to see whether facilities are clustering right below the coverage threshold.

Prevent Gaming via Simplicity and Avoiding Loopholes

Carbon caps can be subject to gaming because of the nature of trading allowances and the use of offsets, which industries can use to show they are complying with a cap through investments outside the regulated region. Policymakers must establish a central registry to ensure that allowances are not used more than once.

Additionally, if there are only a few companies holding allowances, it creates the opportunity to distort the market and raise the price of allowances. Policymakers should establish limits on how many allowances any single market participant can possess to avoid a concentration of market power that might allow price manipulation. A common foundation for monitoring and enforcement of market power is third-party verification of self-prepared emission reports. Third-party verifiers should be assigned by policymakers rather than left to covered industries.

Additional Design Considerations

Leakage Control

Leakage, discussed earlier, occurs when introduction of a policy encourages the industries being covered to move outside the boundaries of the area covered by the policy. Although many economists believe that leakage due to carbon pricing will be small, it is politically fraught.5 Much of the concern about leakage has focused on energy-intensive industries highly dependent on global trade, whose costs could increase significantly and make them uncompetitive relative to other unregulated competitors.

Leakage is more of a concern when carbon pricing is implemented in a smaller area, such as a single state or province, because emitters can move a short distance to escape the policy. As more and more regions take meaningful steps to control carbon emissions, the threat of leakage diminishes.

Carbon tax programs typically address leakage by exempting energy-intensive, trade-exposed businesses from having to pay the tax. Carbon cap programs typically address leakage by providing some free allowances to the same set of industries.

Identifying these industries and how many allowances to allocate for free can be challenging. The current state of the art is to use a method called output-based free allocation. “This method offers firms free allowances as a function of their levels of production in the current or in a recent time period.”6

Where regions are part of a larger electricity system, carbon pricing must cover imported electricity, because it is easy for electricity generation to move outside the covered area.

Auction Most or All of the Carbon Allowances under a Cap

Policymakers have two options for allocating allowances under a carbon cap: giving them out for free or auctioning them off. Auctioning has many advantages over free distribution: It is the simplest approach for government, it avoids the economic distortions that plague all forms of free allocation, it facilitates price discovery, and it is a source of public funds.

Auctions are also the simplest means of introducing a price collar. A price floor is achieved by refusing to accept bids for allowances below a minimum price. A price ceiling is accomplished by making additional allowances available for auction once a price cap is hit. In this way, prices will rise no higher. Auctioning can also avoid turning free allowances into windfall profits for regulated industries.7

Free allocation does not suppress permit prices or protect consumers in most cases. Even when allowances are given away for free, there is an opportunity cost to using an allowance, because using it means it cannot be sold. This implicit cost is passed along to customers even under free allocation, unless there is significant competition from firms not covered under the program.

In some cases, a transition period involving some free allocation may be appropriate. Free allocation of some allowances can help protect trade-exposed, energy-intensive industries, which may otherwise be motivated to move to another region with lower energy prices. Over time, however, there should be a transition to 100 percent auction-based distribution, with generic subsidies taking the place of freely allocated permits for trade-exposed industries in need of government support.

Revenue Use

Carbon pricing creates a revenue stream. In turn, the revenue generated through carbon pricing can be used to accelerate the clean energy transition by funding research, development, and demonstration projects or incentives for deployment of low-carbon options that a carbon price alone would not achieve. Using carbon auction or tax proceeds to drive down the cost of carbon abatement through R&D and deployment incentives creates a virtuous cycle, with each increment of carbon abatement helping pave the way for further, cheaper abatement.

Of course, there are many ways in which revenue generated through carbon pricing could be used. Some of the best options include using proceeds for general revenues to reduce distortionary taxes, to pay down the debt, to fund government, or as a “carbon dividend” to be paid directly to the populace; offsetting costs that fall on certain consumers disproportionately, such as low-income households or trade-exposed industries; spurring a virtuous cycle of reducing the cost of carbon abatement by funding R&D and other projects to reduce carbon pollution; subsidizing end-use efficiency, such as building equipment and appliances, a particularly strong candidate because it can at once reduce transition costs for disproportionately affected groups and offer very cheap CO2 reductions; and promoting equity goals.

Regarding equity, programs should be structured so they do not exacerbate social, economic, or environmental inequities. In fact, intelligent use of the revenue generated by carbon pricing can and should deliver benefits in polluted or disadvantaged communities. Complementing pricing with other more direct pollution control policies is one way to ensure local emission improvements. Another approach is to require some minimum level of investment of revenue in projects with local emission reduction benefits in the most polluted neighborhoods. Both should be core elements of a carbon pricing program.

Allow Banking and Borrowing as Extra Flexibility Options under a Cap

Carbon pricing is inherently flexible, allowing companies and households the choice of purchasing any emission-reducing technology or instead paying to emit. Banking and borrowing offer additional flexibility under a carbon cap. With banking, covered entities retain unused allowances for future compliance periods. Under borrowing, allowances from future caps can be brought forward and used in present years under some circumstances. Banking and borrowing allow industries to smooth out compliance over time, for example in response to changes in annual availability of hydroelectric power that may follow rainfall fluctuations. Policymakers should limit borrowing to situations in which carbon prices are high and when the reserve to maintain price stability (the safety valve mentioned earlier) has been depleted. This ensures continuous improvement effort as long as prices are manageable.

Linking Carbon Pricing Systems across Different Jurisdictions

Linking carbon pricing systems can deliver greater reductions at lower prices. It makes most sense between programs of roughly equal rigor—allowing “excess reductions” in, say, Quebec to make up for insufficient California reductions. Climate change is a global problem, so more places taking more action is a desired outcome, and linking cap-and-trade programs expands the boundary to find the lowest-cost solutions. Other benefits of linking include creating a “race to the top” by having a state like California set stringent requirements for other jurisdictions’ programs as the “price of admission” to link; enabling leaders to coordinate action, which counters notions of unilateral attempts to solve a global problem; and enabling smaller jurisdictions to access a market large and liquid enough to make it worth having a program (i.e., without linking, the jurisdiction would not adopt its own carbon limit).

However, linked carbon cap programs are only as strong as their weakest link, so policymakers should still exercise caution when evaluating whether to link with other regions.8 Linking will lower the price of permits and will reduce the demand signal that may be needed to successfully bring new, low-carbon technologies to the market. Where there are meaningful differences in environmental stringency, linking does not make sense. Additionally, setting up a program with multiple jurisdictions can increase the challenges of effective governance.

Decision making is also more challenging. The timing and priorities of political decisions in different jurisdictions will always vary, so moving from one target to the next in linked systems is fraught with uncertainty. One way around this is to set an improvement rate (e.g., 4 percent reduction in allowances per year) rather than a specified numerical target some years hence.

Carbon Offsets: If an Offset Program Is Established, Include Strict Protocols and Independent Third-Party Verification

Offsets allow industry to comply with a cap by investing in emission-reducing projects outside the covered region. For example, a cement manufacturer in California might choose to invest in a reforestation project in Colorado as a way to meet its carbon cap requirement, thus offsetting required emission reductions. Offsets can help moderate allowance prices by expanding the reach of carbon pricing policy to projects in sectors that are difficult to directly and completely cover under cap-and-trade, such as agricultural emissions, carbon sequestration, and non-CO2 gases. Building a serious and effective carbon offset program is complex, and it should be approached incrementally and carefully. To ensure environmental integrity, it is essential to apply strict protocols and independent third-party verification, each reviewed and approved by a public oversight body.

Third-party verifiers should be assigned to projects and paid out of a pool of funds collected from project developers. Verifiers should not be chosen by developers, to avoid creating a dependent relationship, as has been observed in some projects.9 No offset system has yet been set up with such a strong, independent verification system. A second-best approach is to require periodic rotation of project verifiers and assumption by buyers of the liability, should verification result in offsets being ruled invalid.

An offset program should provide a list of preapproved project types but also allow bottom-up development of new protocols, which can be reviewed, refined, and approved by the supervisory body. Offset options must be periodically reassessed by an expert body to judge whether the project type or technology performance has become common practice and therefore is no longer “additional.” A sectoral approach to offsets, where evaluation occurs on a sectoral rather than a project basis, is a promising approach for reducing transaction costs while increasing environmental integrity.

Pros and Cons of Each Approach

Carbon taxes and caps share some strengths and weaknesses: They are equally effective at broad, multisector coverage. Either can provide long-term certainty and opportunities for continuous improvement. The point of regulation for the tax or the allowance can be the same as well. Creating a hybrid program reduces the amount of uncertainty in either prices or emission reductions. Innovative design can further increase similarities. For example, although offsets have traditionally been part of carbon cap programs, some innovative carbon tax programs have allowed the use of offsets.

Table 13-1
Pros and Cons of a Carbon Tax versus a Cap-and-Trade Program
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This section compares carbon taxes to carbon caps without any hybrid adjustments. Table 13-1 offers a high-level summary of the pros and cons of carbon caps compared with carbon taxes.

Environmental Effectiveness

Because they are designed to achieve a specific emission target, carbon caps are generally more effective at reducing emissions to meet a specific target. A carbon cap offers a particular advantage for policymakers looking to develop plans to hit a particular emission reduction target, such as those embedded in many of the international commitments associated with the Paris Agreement on climate change.

Efficiency

Price uncertainty can inhibit both investments in new clean tech ventures and the incumbent fossil fuel combusting industry. Because a carbon price eliminates price uncertainty, it can provide superior economic efficiency.

Fairness

The fairness of impacts, environmental and socioeconomic, will depend largely on design details, with revenue use being a crucial determinant.

Simplicity

In practice, carbon caps are more complicated to implement than carbon taxes. Often, the increased complexity of a carbon cap is caused by the need to determine rules for some free allocation of allowances to energy-intensive, trade-exposed industries. Typically, carbon tax policies have handled the concerns of these industries by allowing them not to pay the tax. Similarly, the inclusion of offsets under a carbon cap can significantly increase its complexity. With full auctioning and no offsets, cap-and-trade is similarly complicated to a carbon tax.

Case Studies

Global Overview

The most obvious pitfall in pricing carbon, worldwide, has been inadequate ambition in setting targets for emission reductions. In the effort to find the balance between environmental stringency and cost containment, policymakers have leaned toward keeping costs low. The social cost of carbon, representing the damage caused by carbon emissions, can be thought of as a reasonable target price. In practice, very few carbon pricing efforts have even approached, much less surpassed, the social cost of carbon. This is not due only to policy challenges, of course: A fortunate side note in carbon pricing programs is that it has been very cheap to hit targets.

For many years, the notion of any carbon pricing at all seemed like a pipe dream. In the 1990s, the elegantly named Tax Waste, Not Work10 and other efforts promoted the concept but with no concrete success. In 2005, the European Union’s Emissions Trading System began operation, and it remains the largest system in the world, covering about 1.8 billion tons of annual carbon emissions. Not long after, in 2009, a group of northeastern U.S. states came together to form the Regional Greenhouse Gas Initiative to cover the region’s electric power plants. In 2007, California began planning its carbon cap program, which launched in 2013, and linked with the Canadian province of Quebec in 2014.

A comprehensive survey by the World Bank finds that about 40 nations and two dozen subnational jurisdictions have established a price on carbon.11 These instruments currently cover about 12 percent of global greenhouse gas emissions. Roughly two-thirds of the coverage, about 8 percent of global emissions, is under a carbon cap, and about 4 percent is subject to a carbon tax. A particularly anticipated development is the expansion of China’s pilot projects, which should cover more than 1.2 billion tons of emissions. China’s national cap-and-trade program is expected to launch in 2018.

Figure 13-6 aggregates all the world’s current carbon prices into a curve, also showing the amount of CO2 tons covered.

The width of each segment of the stairstep line shows the amount of covered emissions, and its height indicates the price. But for a tiny slice of emissions in Nordic countries, nearly the entirety of the globe’s carbon pricing falls well below the U.S. Environmental Protection Agency’s social cost of carbon, about $41 per ton.12 Figure 13-6 also highlights the recommendation of the High-Level Commission on Carbon Prices that countries aim for carbon prices of $40–$80 per ton in 2020 in order to meet the emission reductions agreed to in the Paris Agreement.

Although the European Union’s Emissions Trading System has become an accepted part of doing business in Europe, it stands as a cautionary tale about the potential for a very large bank of allowances to accumulate and cause persistently low allowance prices (the program has no auction price floor). The price has varied from €3 to €10 since 2011, standing at €7 per European Union Allowance as of October 2017. The onset of the financial crisis in late 2008 caused a fall in emissions due to reduced economic activity. Other renewable energy and energy efficiency policies also drove emissions down. The result was an oversupply of allowances that reached more than 2 billion tons in 2013, at the start of the program’s third compliance period. Policymakers are tackling the problem by taking some allowances out of future caps and delaying some auctions. Meanwhile, political barriers have impeded adoption of a price floor.
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Figure 13-6. In practice, carbon prices have remained far below the levels needed to drive enough emission reductions. (World Bank; Ecofys; Vivid Economics, 2017. State and Trends of Carbon Pricing 2017. Washington, DC: World Bank. © World Bank. https://openknowledge.worldbank.org/handle/10986/28510 under Creative Commons Attribution 3.0 IGO license.)

Carbon taxes have been most robustly used in Nordic countries, where prices range from about $25 per ton in Denmark to roughly $50 per ton in Norway and Finland and $130 per ton in Sweden. These Nordic countries have mostly used new government revenue to lower taxes on labor. Japan greatly expanded the emissions covered by a carbon tax when it introduced one in 2012, but at less than $2 per ton it provides a weak incentive. Canada’s new commitments around carbon pricing should be a game changer in stringency for taxes, with a carbon price of $10 in 2018 and increasing to $50 in 2022.

Regional Greenhouse Gas Initiative Linked Carbon Cap Program

The Regional Greenhouse Gas Initiative covers the electricity sector CO2 emissions in nine eastern American states. A key highlight is the program’s early embrace of auctioning as the main method of distributing allowances. The Regional Greenhouse Gas Initiative was the first program to fully auction allowances, illustrating the economic benefits that can be created by smart investment of auction revenue. Revenue generated by the Regional Greenhouse Gas Initiative has funded energy efficiency improvements, which have created an array of economic benefits, starting with consumer savings of more than $618 million,13 and spending of extra disposable income from energy efficiency and local clean energy investments has generated more than $2.9 billion in additional economic growth.14 Public health benefits worth $5.7 billion are estimated to have come from reductions in fine particles and smog-causing emission, which are co-benefits of lowered carbon emissions.15

Time and again, modeling in advance of cap setting has resulted in business-as-usual emissions that are higher than the real-world result, and the Regional Greenhouse Gas Initiative is an example of the problems with using this approach.16 As a result of basing allowances on a forecasted emission scenario, the Regional Greenhouse Gas Initiative program has wrestled with overallocation. Despite the governance challenges in a linked system, the Regional Greenhouse Gas Initiative system has been regularly tightened to deal with this oversupply. In addition to the cap adjustments discussed later, the Regional Greenhouse Gas Initiative has established a regular 4-year program review and recalibration process.

In 2005, when the cap was set, natural gas prices were high and rising, as were emissions. The intent of the states was to set the cap at the expected levels in 2009, keep it flat for 5 years (when emissions were otherwise expected to continue to grow), and then decrease it by 2 percent per year through 2019. It was a surprise when gas prices fell precipitously in the intervening years, displacing a great deal of coal and causing emissions to fall far below the cap before the program had even launched, as shown in Figure 13-7.
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Figure 13-7. The Regional Greenhouse Gas Initiative has adjusted cap levels downward in response to new information about program performance. (“Regional Greenhouse Gas Initiative Auction Prices Are the Lowest since 2014,” U.S. Energy Information Administration, 2017, https://www.eia.gov/todayinenergy/detail.php?id=31432.)

Figure 13-7 shows that the initiative was more than 50 million tons oversupplied from the outset. By 2012, emissions had fallen to about 90 million tons, about half the level of the 180-million-ton cap. Participating states made two adjustments to the cap in response to the oversupply of permits. First, they lowered the cap to account for the misjudgment of underlying technological trends; modelers had not anticipated the decline of coal with the emergence of natural gas as a cheaper alternative. In a second adjustment, the states lowered caps by 140 million tons to account for excess allowances sold and banked from 2009 to 2013.

In 2017, the program completed another review, tightening the post-2020 cap, which had previously been set to flatten. Under new commitments, the cap will provide an additional 30 percent reduction in emissions by the year 2030 relative to 2020 levels.17 As part of this adjustment, the Regional Greenhouse Gas Initiative will also undertake another adjustment for banking.18

The price floor included in the initiative has saved the program’s allowance price from completely collapsing. By 2017, the price floor had reached $2.15 per ton,19 with an escalation rate of 2.5 percent per year. Thus, the price floor ensured the program provided some revenue, although it did not truly solve the problem of overallocation. At such low prices, it costs little to purchase allowances as a hedge against future higher prices.

The Regional Greenhouse Gas Initiative includes a soft price ceiling by allowing a set of reserved allowances to be released if the price hits certain levels: $4 in 2014, $6 in 2015, $8 in 2016, and $10 in 2017, rising by 2.5 percent each year thereafter. Prices have remained low, however, peaking at $7.50 per ton at the December 2015 auction. However, in light of the low soft price ceiling, some release of reserve allowances has happened.

In sum, the Regional Greenhouse Gas Initiative demonstrates how policymakers can adapt to oversupply, why auctioning of allowances is important, and the value of having a price floor at auction. However, the program suffers from limited coverage (it covers only the power sector), failure to address leakage (it does not cover imported electricity), and an overly weak price collar.

California–Quebec–Ontario Linked Carbon Cap Program

The California–Quebec–Ontario linked cap-and-trade program is the best example of cap-and-trade design. The California and Quebec programs launched separately in 2013 and joined together in 2014. Linkage with Ontario was agreed to in 2017 and took place in 2018. California is the largest emitter among the three, with 62 percent of emissions, compared with 26 percent for Ontario and 12 percent for Quebec.

The program has the widest coverage of any large carbon cap, covering about 80 percent of emissions across the entire economy and almost all fossil fuel combustion. The program accounts for imported electricity, reducing the problem of electricity generation shifting outside the program’s borders to avoid the carbon price. Program design is mostly aligned among the jurisdictions, although some differences exist.

The program’s most outstanding feature is its price collar. The California price collar started at $10–$40 per ton, and it increases annually at a rate of 5 percent plus the rate of inflation. In 2017, the price collar range was $13.57–$50.70 per ton. This price collar is the highest of any carbon cap.

California has mostly auctioned allowances rather than giving them away in order to prevent windfall profits. In an interesting hybrid allocation approach, state electric utilities receive free allowances but are required to sell them at state auctions in what is called a “consignment auction” approach. The revenue is sent back to privately owned utilities with stipulations. Funds are returned as a lump sum payment per customer, which has the effect of counteracting price increases while also retaining a carbon price signal.

California’s design is not without potential for improvement. The California case offers another example of how difficult it has been to achieve sufficient stringency. The program’s emissions have fallen below cap levels because of a combination of the success of other policies in driving down emissions and the recession of 2009–2010, leaving emissions lower than originally expected. As a result, the state’s 2020 target is turning out to be easier and cheaper to meet than expected.

The carbon cap is successfully playing the role it was given in the context of the package of policies put in place to achieve the 2020 target. That package of policies relied primarily on performance standards and other sector policies. Before implementation, cap-and-trade was expected to deliver only about 20 percent of reductions. In reality, cap-and-trade has driven less than that, but this is not a problem because it was always intended as a backstop.

However, oversupply in the system, if left unaddressed, threatens to undermine the effectiveness of the carbon cap, a significant problem because California is increasingly relying on it as the linchpin of its climate policy efforts.20

Oversupply and banking at this level could significantly reduce the future effectiveness of the carbon cap. California’s 2030 strategy envisions the carbon cap delivering 40–50 percent of emission reductions from 2021 to 2030, in the range of 240–300 million metric tons. Eventually, the program will need to confront oversupply, probably as the Regional Greenhouse Gas Initiative did, with future caps adjusted downward to account for banked allowances from oversupply in its first years.

In sum, the California–Quebec–Ontario cap-and-trade system is exceptional for its broad coverage, high price floor, and consignment auction innovation. However, as with other carbon caps, oversupply is a serious concern.

Conclusion

Carbon pricing is not a silver bullet to achieve the deep emission reductions needed to meet the two-degree target. Rather, it is one important part of a package of policies such as those outlined in the other chapters of this book.

The steadily increasing adoption of carbon pricing attests to the positive real-world experience so far. There have been no major breakdowns or market disruptions that might have led to a loss of confidence in the approach. The policy has proven to be an attractive source of revenue. Economists and public finance experts universally agree there are efficiencies to raising funds through charges on pollution or other socially harmful activities. For regulators, carbon pricing has somewhat lower informational demands, providing a cross-sector tool to achieve cost-effective reductions above and beyond other policies.

The major limitation so far is that policymakers have been overly cautious. Taxes have been too modest and caps too generous, evidence of the substantial political hurdles and the limits of state-of-the-art economic and technology forecasting. Our suggestion to focus on proper design instead of whether to use a tax or a cap aims to move the dialogue past clashes of worldviews to practical design considerations. Design of either can be simple or complex, and they have similar enforcement requirements. Each can be structured to counter its weakness through hybridization. Carbon pricing policy should embody scientifically grounded emission targets while using proven mechanisms to keep prices within reasonable bounds. If chosen, carbon taxes should be quantity-adjusted, with prices ratcheting up if emission impacts fail to materialize as expected.





CHAPTER FOURTEEN

Research and Development Policies

Countries cannot be safe, prosperous, and healthy unless they have a broad range of energy technology options. Energy technology can help meet five goals:


	Energy supplies should be affordable.

	Energy delivery should be reliable.

	Energy systems should not unduly harm the environment.

	Energy companies should be competitive and should create good jobs.

	Energy choices should not jeopardize national security.



All these goals are easier to achieve with a steady, strong offering of new technologies and improvements to existing technologies. Advances in the last two decades have opened up vast new reserves of natural gas, have made thermal power plants increasingly efficient and clean, have driven down the cost of solar and wind, and have made it possible to reduce energy consumption in appliances and buildings by 50 to 90 percent.

That’s good news. The bad news is that many countries are starving future generations of the next set of options. For example, in the United States energy companies spend less than 0.5 percent of their sales on new technology research and development (R&D).1 This contrasts with information technology (R&D is 20 times higher as a fraction of sales) and pharmaceuticals (almost 40 times higher).2 A handful of nations stand out from the rest of the world as they build strong positions on energy R&D: South Korea, Israel, Japan, and three Scandinavian countries make annual R&D investments in excess of 3 percent of GDP.3 Much of the world lags. If we don’t get serious about inventing future energy technologies, energy will become a burden on economic productivity, particulate pollution will continue to cut short millions of human lives, and global warming will worsen.

That said, accelerating technology development without wasting money can be a challenge. Fortunately, there are proven methods that can dramatically increase the rate of success. This chapter describes a handful of best practices that can help energy technologies advance all the way from the laboratory to the marketplace. This work is built on experience in the field, collaboration with government, reviews of a dozen studies, and many interviews with experts from the private sector, academia, and national labs.

Policy Description and Goal

R&D policies aim to improve the effectiveness of government R&D and support R&D investment from the private sector. Countries with strong R&D also stand to benefit from the ability to sell new technologies abroad.

The relationship between investment in R&D and emission reductions is highly uncertain. We therefore do not estimate the potential impacts of R&D on meeting long-term emission targets. Nevertheless, R&D policies can reduce the costs of emission reductions, improve the performance of existing technologies, and unlock new technologies that can ultimately make carbon reduction easier and more cost-effective.

When to Apply This Policy

The starting point in thinking through technology development is to understand that different strategies are needed for different stages of a technology’s lifecycle.

R&D policies are most effective for technologies early in their lifecycles. Any country that has either public or private R&D efforts aimed at bringing new technologies to market can benefit from R&D support policies.

A country that does not have substantial resources to invest in public R&D efforts (such as by establishing or funding national labs) may be able to entice multinational companies to conduct R&D locally, if the country can provide favorable tax incentives and a sufficiently strong educational system to provide the highly skilled scientists and engineers necessary for R&D operations. For example, Ireland is known for proactively courting innovation-focused multinational companies by using these mechanisms.4 Developing countries without the necessary conditions for either public or private R&D efforts are technology importers, and these countries may be better served by focusing on other types of policy, such as performance standards for vehicles and appliances, policies to promote renewable energy development, and financial assistance for building and industry energy efficiency upgrades.
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Figure 14-1. The policy–technology learning curve (illustrative).

Even within the R&D span of time in Figure 14-1, conditions are not uniform. Government financial support (whether through grants, loan guarantees, or other mechanisms) is most crucial where gaps exist in other funding opportunities. This gap most commonly happens between basic research (which is often tackled through government labs and academic institutions) and the scaling up of production for commercial use (which is funded by the private sector), as shown in Figure 14-2. This gap is commonly referred to as the “valley of death,” because promising technologies often fail to cross the gap and move from the laboratory to full-scale demonstration projects or production.

Some R&D policies help at all stages of technological development, such as ensuring companies have access to high-level science, technology, engineering, and mathematics talent. Others, such as grants or loan guarantees, may be most effective when designed to help technologies overcome funding gaps.
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Figure 14-2. The gap in funding availability between basic research and commercialization is typically referred to as the “valley of death.” (From “Nanomanufacturing: Emergence and Implications for U.S. Competitiveness, the Environment, and Human Health,” U.S. Government Accountability Office, 2014, http://www.gao.gov/assets/670/660592.pdf.)

Detailed Design Recommendations

Research fundamentally involves speculation and experimentation. Even with perfect policy incentives, many research projects will never become commercial products. Sometimes technical or scientific issues interfere, sometimes the marketplace changes, and sometimes a more innovative approach makes a project obsolete before it can be commercialized. This reality demands that policymakers and investors tolerate risk and research failures. If you don’t have any failures, then you will not find true successes.

Sometimes government may be rewarded for taking on this risk. For example, the U.S. Department of Energy’s loan guarantee program for clean energy achieved a $30 million profit from 2010 to 2013, despite backing several unsuccessful companies.5

Create Long-Term Commitments for Research Success

One of the most challenging issues at the interface of legislation and technology development is the need for a long-term outlook for technology policy. Private sector companies need consistency and reliability before they make big bets. Both government and private sector labs must buy equipment, recruit experts, and build and run careful experiments. Policies that promote R&D therefore must match the long time horizons of technology development, or researchers and government will squander opportunities and waste money.

Confronted with political and budgetary challenges, policymakers tend to fund things a year at a time. But it cannot be overemphasized just how deleterious stop-and-start policy is to serious energy innovation. For example, since its introduction in 1981, the U.S. R&D tax credit was repeatedly extended for short periods of time and allowed to expire. One CEO of an especially research-driven energy technology company told us that, as a result, it “considers the R&D tax credits just to be a windfall, with no impact on the company’s R&D choices.” In 2015, after 15 piecemeal extensions,6 the R&D tax credit was finally made permanent.7

By ensuring that commitments to R&D last for long periods, government, academia, and private companies will have the confidence to rely on that support when making R&D investments.

Use Peer Review to Help Set Research Priorities

Selecting research projects among many competitors is difficult and complex. When prioritizing different research projects to receive government funding, the government should conduct peer review of the options, involving experts from both within the government and within industries that might benefit from technological progress in the relevant field. Consulting with experts inside and outside the government can help ensure projects are technically feasible, would be useful to society if accomplished, and have an acceptable risk–reward profile.

For example, the U.S. Department of Energy developed a “Quadrennial Technology Review”8 that considered the potential for breakthroughs in many areas and overlaid them with national priorities, such as reducing dependence on imported oil. The work engaged 600 experts from the private sector, national labs, and academia. The experts were asked to consider the technologies’ leverage against a list of national policy goals and against three explicit measures of potential:


	Maturity: Technologies that have significant technical headroom yet could be demonstrated at commercial scale within a decade.

	Materiality: Technologies that could have a consequential impact on meeting national energy goals in two decades. “Consequential” is defined as roughly 1 percent of primary energy.

	Market potential: Technologies that could be expected to be adopted by the relevant markets, understanding that these markets are driven by economics but shaped by public policy.



This process helped the Department of Energy identify issues with its past funding methods (such as the need to achieve a better balance between projects with near-, medium-, and long-term impacts) and helped identify where to focus efforts to better achieve national priorities.

Use Stage-Gating to Shut Down Underperforming Projects

Research is an inherently risky endeavor, and there is always a possibility that a line of inquiry will produce no results or will produce too few results to justify the necessary investment. To ensure large amounts of money and staff time are not wasted, it is important to establish stage-gates or milestones that a research project must pass in order to continue to receive funding. A project should be shut down if it fails to achieve these milestones, so the staff and funding allocated to that project can be reallocated to more fruitful endeavors. Although some research failures are inevitable, a strong gating procedure helps ensure that when you fail, you fail early and fail fast, before vast quantities of money have been expended.

Funded projects can generate entrenched interests, making it more challenging to remove funding from an existing project than to fund a new project. Therefore, it is critical that gating include independent experts with a combination of scientific and industrial expertise in the relevant field. With the inclusion of an industry perspective, project funding decisions can be made based on a project’s scientific merits and ultimate commercialization potential, not on political considerations.

For example, the U.S. Department of Energy’s Industrial Technologies Program uses stage-gates to manage its R&D allocations.9 An example review team might be composed of:


	A representative of the funding department

	Outside (i.e., industry) technical expertise

	Inside (i.e., government) technical expertise

	Representatives of proposed end users

	Members of the R&D team



Concentrate R&D by Type or Subject to Build Critical Mass

Providing a small quantity of R&D funding to each of many different institutions is inefficient, because coordination between these institutions and duplication of work will consume an inordinate share of the R&D investment. It is better to concentrate R&D funding on a specific topic into a smaller number of institutions—potentially co-located with each other or with relevant industry players—to reduce coordination challenges, facilitate knowledge sharing, and avoid duplication of work.

One way to accomplish this is to create “innovation hubs” or “centers of excellence,” each of which is composed of academic, private sector, and government researchers, ideally in the same metro area. In addition to avoiding duplication of work, bringing together researchers with different backgrounds unlocks further synergies. Researchers feed off each other’s ideas, students gain technical skills through internships and university–industry partnerships, and businesses have access to talent. Business interests working side by side with academia make technologies’ transitions from lab to market faster and more reliable. Early-stage investors, such as venture capital, move in and work as a further accelerant.

Make High-Quality Public Sector Facilities and Expertise Available to Private Firms

In some countries, such as the United States, the government has invested in the development of extremely expensive, high-quality scientific and engineering research facilities, such as the Department of Energy’s National Laboratories. These facilities are staffed with skilled experts. A private company that wants to conduct R&D to improve the performance of its products might be unable to afford to build its own cutting-edge laboratories and staff them with experienced scientists only to make small improvements to its product line. A research partnership with a national lab allows the company to benefit from high-quality facilities and expertise for a comparatively small payment, enabling it to gain the benefits of research without replicating R&D capabilities. A national lab can partner with many different companies, improving technical prowess across the economy (as long as careful attention is paid to protecting intellectual property). These partnerships can also provide a source of revenue for the national lab, making it less dependent on taxpayer funding.

For example, India’s Central Power Research Institute has housed R&D facilities for use by government, industry, and utilities alike over the past 50 years. The public–private research facilities have helped India make progress on high-voltage transmission, power system resilience, and other electricity distribution components.10

Meanwhile, the U.S. National Renewable Energy Laboratory has built more than a dozen centralized testing facilities—such as the Energy Systems Integration Laboratory, which studies grid modernization. Similarly, Sandia National Laboratories offer 18 test facilities (such as the Combustion Research Facility and the Mechanical Test and Evaluation Facility) where researchers from private companies, academia, other laboratories, and state and local governments may visit and perform research,11 or they may contract directly with Sandia to perform their testing.

Protect Intellectual Property without Stifling Innovation

Intellectual property (IP) protections are necessary to protect private firms’ investments in R&D. If patents are not protected, then any firm can use research results in its own products, reducing or eliminating the incentive for firms to engage in R&D in the first place.

However, it is also important to avoid allowing patent and IP protections to stifle innovation. The difficulty inherent in ensuring the novelty and uniqueness of every patent submission has led to two problems.

First is the rise of patent assertion entities (also known as patent trolls), companies that acquire a key patent (often a vague or overly broad patent) without any intent to use the patent in a product or service. Rather, they sue carefully selected companies that could be construed as violating the patent, in hopes of extracting a legal settlement.12 This requires small companies to agree to unreasonable settlement demands or to spend a larger amount of money defending themselves against a frivolous lawsuit, providing a disincentive to innovate.13

Second, in some fields, such as information technology, existing patents are numerous, and the need to use underlying technologies is so universal (e.g., to achieve interoperability with other systems or hardware components) that avoiding infringement while achieving innovation is impossible. Large technology companies have learned to defend themselves by acquiring thousands of patents and threatening to countersue any company that sues them for patent infringement. Rivals recognize that suing a deep-pocketed company with many patents will probably result in high legal fees and substantial risk to their own product lines and so are discouraged from suing. However, small companies that do not own thousands of patents don’t have this deterrent capability, so they are vulnerable to lawsuits that may force them to go out of business or to sell their company to one of the technology giants.14 This is far removed from the original intent and purpose of a patent system.

Designing appropriate IP protections is complex. Some advocacy groups have thought carefully about patents and devised principles that can be used to develop suitable patent protections.15

Ensure Companies Have Access to High-Level STEM Talent

In order for private companies to conduct R&D successfully, they need a ready supply of talented people with skills in science, technology, engineering, and mathematics (STEM). From a public policy perspective, there are two ways that governments can assist.

The first is to establish top-quality education programs focusing on these areas, helping students acquire science and math skills early and providing a route to further develop these skills at the university and graduate school levels. In the United States, primary and secondary schools are funded primarily by state and local governments, so schools in less wealthy communities receive less money and produce students with poorer scores in science and math (as well as other subjects). Accordingly, in addition to directing sufficient resources to STEM, policies to tackle income inequality and poverty can contribute to improving access to technical education.16

Government-sponsored research internships at labs or private firms can help students further develop technical skills. For example, the government of Ireland funds university students and postdocs while they work at internships in the R&D divisions of innovative companies such as IBM.17

The second policy mechanism is to ensure that immigration laws enable companies to hire skilled technical talent from other countries. Researchers are highly skilled people who contribute to a country’s economy. In the United States, groups from across the political spectrum have advocated for streamlining visa and permanent residency procedures, including a proposal to offer automatic residency to graduates of U.S. universities with advanced degrees in the STEM fields.18 Australia, Canada, and the United Kingdom use point-based or merit-based immigration systems,19 which give priority to people who possess degrees and work experience in areas of need, which typically include these fields.20

Case Studies

The U.S. Advanced Research Projects Agency–Energy

Seeking a highly effective way to fund research into energy technology and bring new technologies from the laboratory to the market, in 2007 the United States established a new R&D funding agency: the Advanced Research Projects Agency–Energy. The agency’s approach was modeled after that of the Defense Advanced Research Projects Agency, a hugely successful government R&D operation that played a key role in the development of technologies we use every day, including GPS satellites, packet-switched computer networks, and the internet.21

The Advanced Research Projects Agency–Energy focuses on funding research projects that are too early to attract private sector funding (such as venture capital) but that have the potential to rapidly advance and achieve commercialization. Thus, they span the gap between basic research and product development. Funded projects must be transformational: They must have the potential to “radically improve U.S. economic prosperity, national security, and environmental well-being.”22 Projects must have specific, proposed applications toward products or processes that could be commercialized, and the agency provides resources for research teams on how to seek commercial funding and proceed down the path of commercialization to follow up their grants. The Advanced Research Projects Agency–Energy also adopts a nimble funding structure, making funding decisions quickly and relying on program directors who are experts, often from industry, and who “serve for limited terms to ensure a constant infusion of fresh thinking and new perspectives.”23

The Advanced Research Projects Agency–Energy has distributed $1.5 billion in R&D funding to more than 580 projects since funds were first disbursed in 2009. Many recipients have gone on to form new companies and partnerships with other funding entities.24 Advances have been achieved in grid-scale and flow batteries, electric vehicle systems, power flow and grid operations, power electronics, advanced materials, and more.25

Innovation Network Corporation of Japan

In 2009, Japan launched the Innovation Network Corporation of Japan, a $1.9 billion collaboration between the public and private sectors to achieve advances in energy, infrastructure, and other high-technology sectors. The Japanese government invested 95 percent of the upfront capital to create the corporation, and 26 private companies made up the final 5 percent investment.26 The Innovation Network Corporation is an investment company. It directs its investments in order to nurture the development of next-generation industry through applied technology, focusing on innovations that will have “social significance.”27 The company aims to achieve positive economic returns from its investments28 so it will not need ongoing government support. Example investments in the energy space include small wind power, laminated lithium ion batteries, smart meters, and semitransparent solar cells.29

The Japanese government has offered $8.5 billion in loan guarantees for the corporation’s investments, mitigating the risk in the event that some investments perform poorly.30 The Innovation Network Corporation has formed partnerships with 10 external organizations, including Japanese universities, government agencies, venture capital, and several research institutes.31 This allows it to benefit from the knowledge and talent of other organizations when making investment decisions.

Germany’s Fraunhofer-Gesellschaft

The Fraunhofer-Gesellschaft is a network of 69 research institutes throughout Germany. Fraunhofer emphasizes applied research: Most projects last no longer than 2 years “and focus on immediate, applicable results.”32 This helps to fill the budget gap between basic research and commercialization (the “valley of death”). Fraunhofer is the largest research organization in Europe, with a staff of 24,500 and an annual budget of €2.1 billion.33 Thirty percent of the organizations budget comes from the public sector,34 and 70 percent is derived from contract research done for public or private entities.35

Fraunhofer’s institutes are grouped into eight alliances covering specific research areas, such as “materials and components” or “microelectronics.” These groups coordinate research, pool resources, and avoid duplication,36 serving as an example of an “innovation hub” model (as discussed earlier).

Fraunhofer also plays a role in cultivating technical talent, necessary to ensure that German companies and Fraunhofer itself have access to the scientists and engineers they need for R&D success. Each Fraunhofer institute is partnered with a university, and Fraunhofer employs graduate students and postdocs part-time, helping them acquire industry experience alongside their academic studies. “Graduates typically spend from three to six years at Fraunhofer before moving on to positions in industry or academia.”37

Fraunhofer has played a role in ensuring that German manufacturing businesses remain globally competitive, even in the face of low-cost products from Asia. Many German small and medium enterprises are market leaders for their products, which offer higher quality and performance than inexpensive alternatives. As a result, manufacturing accounts for 21 percent of the German economy, a much larger share than in similarly developed, high-wage countries such as the United States (13 percent) and the United Kingdom (12 percent).38 Fraunhofer is an example of how policies to strengthen R&D, designed well and applied consistently, can offer outsized returns to a national economy.

Conclusion

A robust pipeline of new energy technologies is crucial to enable a country to continue to meet energy demand and expand the economy while transitioning to clean energy. Strong R&D support policies are crucial early in the lifecycle of a technology, before it reaches market and other policies (such as performance standards and financial incentives) can take over. In particular, many research projects find it hard to acquire funding to overcome the “valley of death,” the gap between basic research and early commercialization. This presents an opportunity for particularly high-leverage R&D policy support.

Government R&D financial commitments, programs, and incentives should be guaranteed for the long term, to match the timeframe needed to scope a research project, hire staff, expand or retool laboratories, and turn early research into a marketable product. Peer review, including experts from government and industry, can help identify priorities for research dollars that will achieve practical benefits for the private sector, the environment, and public health. Stage-gating can be used to ensure research dollars and staff time are not wasted, and concentrating research by subject into “innovation hubs” can improve coordination, reduce administrative burden, and accelerate progress. Carefully designed IP protections, as well as education and immigration policies that provide an abundance of top technical talent, lay important groundwork for R&D success in both the public and private sectors.

With smart policies to promote R&D, national governments can strengthen their technological prowess and economic position, attract R&D investment, improve energy security, and reduce pollution.





CHAPTER FIFTEEN

Policies for a Post-2050 World

This book is concerned largely with the design of policies that will be most effective at achieving large emissions cuts before 2050. However, many of the policies discussed in this book (e.g., energy efficiency standards for buildings and vehicles, incentives or requirements for reduced industrial methane emissions, and even carbon pricing) cannot, by themselves, reduce emissions to zero or below.

In the scenario used throughout this book, which gives the world a 50 percent chance of staying below 2°C of warming, emissions become negative after about 2070. This result is common across climate models: To have at least a 50 percent chance of keeping the world below two degrees of warming, global emissions must steadily decline to zero and ultimately become negative (i.e., removing more CO2 from the air than is added) in the second half of the century.1 Even if the two-degree target is not achieved, to stabilize the climate at any temperature whatsoever (e.g., 3°, 4°) will probably require similarly dramatic emission cuts, albeit later in time. Therefore, there is no way around the need to reduce emissions to near-zero or below.

This chapter considers technologies that may be necessary in the long term (after 2050) to achieve the emission reductions required by a future with less than two degrees of warming and policies that may be necessary to adapt to climate change. The technologies discussed in this chapter may not be ready for widespread deployment today, but policies to accelerate their progress must begin now so that they will be sufficiently mature by the time they are needed.

One important note: The measures here must not detract from efforts to rapidly cut emissions using the more traditional tools discussed in the rest of this book. Progress on the techniques needed for post-2050 complete decarbonization should be completely additional to and simultaneous with efforts to achieve near-term impact. There is no mopping up the last 10 percent of carbon emissions if we don’t eliminate the first 90 percent! When allocating limited resources, it is important to remember that many post-2050 solutions are still in research and development (R&D) stages and therefore require less money to make satisfactory progress in the near term than solutions that are ready to deploy at global scale (e.g., wind, solar, efficient industrial equipment and building components).

Policies to Support Post-2050 Technologies

This section discusses policies to help emerging technologies for achieving zero or negative emissions. Although support for further research in these technologies is broadly needed, three policies in particular can help accelerate their development.

Government support for R&D, discussed in Chapter 14, is the core policy for ensuring that carbon-reducing technologies reach maturity. These technologies have large, positive social externalities (benefits whose economic value cannot be captured by the company deploying the technology), so without government support, companies may choose to direct their R&D efforts elsewhere.

Strong carbon pricing, discussed in Chapter 13, is critical to accelerating these technologies. By putting a price on carbon, governments can help create additional economic value for carbon-reducing technologies and encourage private sector investment.

Finally, some of these technologies will require large-scale demonstration plants or projects to achieve cost reductions through learning by doing. Therefore, governments will probably need to subsidize the construction and operation of a number of demonstration plants or large projects until the technologies discussed in this chapter are better understood.

Technologies for Further Reducing Emissions

Carbon Capture and Sequestration

It may be possible to fully eliminate carbon emissions from the electricity system and to electrify many end uses. For example, renewables and nuclear may be able to supply all electricity needs when combined with flexible demand, large balancing areas, energy storage, and overbuilding wind and solar while putting excess electricity to a useful, non–time-sensitive purpose such as the creation of hydrogen. However, there are some sources of CO2 emissions that may be difficult to eliminate. For example, manufacturing the clinker in cement releases CO2 emissions (as described in Chapter 12), and the share of clinker in cement likely cannot be reduced below a certain percentage without affecting the material’s structural properties. Another example is the manufacture of new iron and steel (rather than reforging scrap iron and steel in an electric arc furnace), which uses carbon not just as a source of energy but also as a chemical-reducing agent.

Innovations in material science may one day allow the replacement of cement or steel with novel materials with similar structural properties.2 However, it may not be possible to eliminate all industrial emissions, particularly if efforts to develop and commercialize novel materials encounter problems or cannot be scaled cost-effectively to satisfy the global demand for these materials.

Carbon capture and sequestration (CCS) provides a means whereby humans may continue to manufacture traditional materials without adding CO2 to the atmosphere. A CCS system extracts CO2 from a stream of waste gases, uses pressure to liquefy the CO2, transports it to a geologically suitable region, and pumps it underground for indefinite storage. CCS is already used successfully in the oil and gas industry for enhanced oil recovery, and demonstration facilities using CCS for industrial process and power generation exist around the world.3 Some CCS power plants might use the Allam cycle, a combustion process that uses CO2 as the working fluid and produces a very pure stream of CO2 exhaust, which is easier to capture than CO2 diluted in air.4

CCS may be used by power plants burning biomass (such as wood) rather than coal or natural gas. This is called bioenergy with CCS. Because the carbon in biomass was recently removed from the atmosphere by plants, storing it underground reduces atmospheric CO2 concentrations.

In addition to the challenges related to the CCS technology itself, bioenergy CCS faces additional hurdles. One issue is the amount of land needed to grow bioenergy crops, which may be very large.5 Care must be taken to ensure bioenergy CCS does not result in food insecurity or in deforestation to obtain additional cropland. There exist promising research directions that aim to address these challenges. For example, more R&D is needed to develop multifunctional land uses (e.g., to allow the same land to produce food and bioenergy crops). Another route is to derive high-value alternative fuels from bioenergy crops (e.g., liquid transportation fuels) before the residue is burned for bioenergy CCS, thereby improving the economics of devoting land to bioenergy crops.6

Atmospheric CO2 Removal

Achieving negative emissions necessarily involves removing CO2 from the atmosphere. Apart from bioenergy with CCS, various techniques have been proposed to accomplish this, although they are in early research stages.

Direct Air Capture

Although all techniques in this section capture CO2, direct air capture usually refers to the use of chemical processes to extract CO2 from the atmosphere, analogous to the way scrubbers capture CO2 from the air inside spacecraft. Unlike bioenergy with CCS, these systems do not use large amounts of land, so they would not pose food security or deforestation risks.

Direct air capture systems need a lot of energy. To achieve negative carbon emissions, direct air capture systems must be powered by emission-free energy, such as wind, solar, or nuclear power, and that energy must not be taken from other users who would then rely on fossil energy instead. (That is, the emission-free energy used by a direct air capture system must be strictly additional to other emission-free energy uses.)

The other challenge facing direct air capture systems is cost. The estimated cost of a system that captures 1 million tons of CO2 per year (roughly 0.02 percent of annual U.S. emissions) was $2.2 billion as of 2011. Over the plant’s lifetime, the all-in cost is $600 per ton of CO2, roughly eight times higher than the cost per ton to capture CO2 from the flue gas of a coal power plant.7 (Exhaust streams feature higher CO2 concentrations, which makes the CO2 easier to capture.)

Research can help improve the energy efficiency and lower the capital cost of direct air capture systems. As with other technologies to remove CO2 from the atmosphere, carbon pricing can provide an economic incentive and the possibility of financial returns.

Enhanced Weathering

In nature, when certain types of minerals (such as olivine) are exposed to air and water, they undergo chemical reactions that extract CO2 from the atmosphere and store it as a carbonate mineral.8 These minerals make their way to the ocean, where organisms use the minerals to form shells and skeletons. When the organisms die, the material sinks into the deep ocean and eventually may be converted to limestone.9

Although this natural process is too slow to help reduce atmospheric CO2 concentrations on human timescales, it may be possible to accelerate the natural process. For example, if large quantities of olivine and similar minerals were mined, finely ground (to increase their surface area), and spread on beaches or other land exposed to water and the atmosphere, the rate of CO2 capture could be accelerated.10

Unfortunately, given current scientific understanding, the amount of olivine we would need to use would be very large, and the mining, transport, grinding, and spreading of the olivine would have to be done in a manner that releases few if any carbon emissions in order to achieve net sequestration. Additionally, for the sequestration to be sufficiently rapid, the olivine may have to be ground to particles with a mean diameter of less than 10 microns,11 a microscopic size that is easily aerosolized and could be inhaled (as PM10). More research would be needed to develop improved techniques before enhanced weathering could be considered a viable option for CO2 removal on human timescales.

Ocean Fertilization

Phytoplankton are photosynthetic organisms in the ocean that extract CO2 from seawater to build their bodies. When plankton die, they sink to the ocean floor, sequestering the CO2 in their bodies.

Like other organisms, phytoplankton need a variety of nutrients to survive. In many parts of the ocean, iron is the limiting nutrient that constrains phytoplankton growth.12 Therefore, it has been proposed that the ocean may be seeded with iron, encouraging phytoplankton growth, as a means of accelerating CO2 sequestration.

There are a number of challenges with this approach. Many phytoplankton produce toxins, so encouraging their growth could lead to an increase in harmful algal blooms that threaten the health of marine ecosystems (and can harm or kill humans who eat contaminated seafood).13 Also, when phytoplankton die, the bacteria that decompose them may deplete the oxygen in the water, leading to a “dead zone” that suffocates animal life.14 Finally, algal growth in one area can inhibit algal growth in another area, and nutrients other than iron may become limiting nutrients in some places, so the effectiveness of iron seeding at increasing overall phytoplankton numbers has been questioned.15

More research could help determine whether ocean fertilization can be done safely and whether it offers significant CO2 removal potential.

Biofuels and Synthetic Fuels for Transport

It may be possible to electrify many forms of transport, such as light-duty on-road vehicles. However, it can be difficult to electrify certain transport options, such as commercial aircraft, because of the requirements for fuel of high energy density. One option for these vehicle types is a carbon-neutral biofuel or other synthetic fuel.

Ethanol is a biofuel that is already widely used for transport, but ethanol derived from corn offers only 20 percent less greenhouse gas emissions than petroleum gasoline on a lifecycle basis,16 and vehicles cannot run on 100 percent ethanol without special engine designs. To achieve zero emissions, a biofuel must be carbon neutral on a lifecycle basis, and it is more likely to be adopted if it is a drop-in replacement for gasoline (or diesel).

Ethanol made from cellulose, the inedible substance that forms the leaves and stalks of plants, can be made from agricultural residues rather than corn, lowering lifecycle greenhouse gas emissions. Various companies have experimented with obtaining biofuels from algae, although most of these businesses failed or pivoted to higher-value products, such as cosmetics or food additives, upon realizing the magnitude of the technical challenges involved.17

Another approach involves creating fuels directly from sunlight using a chemical or biological process.18 This has the potential to avoid the inefficiency of using plants to convert sunlight into biomass, then converting that biomass to an energy-dense liquid fuel. These approaches are all in research stages and will need long-term, consistent government support to have a chance at commercialization.

Hydrogen

It is also possible to use hydrogen as a chemical fuel. Hydrogen has several advantages over carbon-neutral biofuels. First, the technology is more mature. We are able to produce hydrogen today with little or no greenhouse gas impact by using electricity from renewables to split water into hydrogen and oxygen. Also, hydrogen does not emit any pollutants when used for energy; the only byproduct is water vapor. Even if carbon neutral, biofuels may emit particulates and other pollutants harmful to human health when burned.

An important downside of hydrogen is that, to achieve sufficient energy density for use in a vehicle, the chemical must be stored at very high pressure or very low temperature. This necessitates a bulky and heavy storage system. For example, the first ship to use hydrogen as a fuel (albeit not its primary fuel) was recently ordered. One of the technical challenges of this ship design is to store liquid hydrogen at –253°C.19 As a result, hydrogen is more likely to be used in shipping or long-distance land-based transportation than in aircraft. The development of a large hydrogen distribution network and fueling stations would also be necessary.

Similarly, transporting hydrogen over large distances for use in equipment would require a new pipeline network. In some regions, such as the United States, it could be very difficult and expensive to construct the new pipeline infrastructure necessary to transport hydrogen for use across the economy.

The main thing governments can do to further the use of hydrogen is to promote the development of standards for hydrogen use in ships and other vehicles, including through international bodies, such as the International Maritime Organization. Government can also facilitate the buildout of hydrogen fueling and distribution infrastructure, if it is merited by sufficient demand.

Dietary and Behavioral Change

Some sources of greenhouse gas emissions, such as enteric fermentation in ruminants, may be difficult to tackle through technology this century. One option for lowering some types of emissions is for the government to use policies to shift human diet or behavior. For example, ending subsidies to crops used for animal feed (such as corn) or taxing beef and lamb may reduce demand for these goods. If demand is sufficiently reduced, a ban may become feasible. Although this may sound politically unlikely, bans of this sort already exist and enjoy broad public support; for example, government restrictions make it impossible to slaughter horses for meat in the United States.20

Behavioral change is not limited to targeting emission sources with few technological options; it may be helpful in a broad variety of circumstances. For example, zoning may be used to encourage walking and biking rather than driving private cars (discussed in more detail in Chapter 9).

Albedo (Reflectivity) Modification

Climate change is caused by the increase in heat-trapping gases in Earth’s atmosphere. Radiant heat is infrared radiation, which is emitted by the surface of Earth after it absorbs sunlight and increases in temperature. If sunlight is reflected rather than absorbed, it may reenter space, bypassing the heat-trapping gases in the atmosphere. Therefore, one approach to tackle climate change is to increase the albedo (reflectivity) of Earth, so less sunlight is absorbed by the surface and turned into heat.

The main proposed mechanism of albedo modification is to inject tiny particles into the stratosphere, where they would act like a sunshade, scattering a fraction of the sunlight back into space.21 This effect can occur in nature after a large volcanic eruption, which can release large quantities of particle-forming sulfur dioxide.22 This work is still in the R&D stage and could be accelerated through government support.

Other mechanisms involve increasing the albedo of Earth’s surface, such as by using light colors for rooftops and pavement. Albedo ranges from 0.0 (perfectly absorbing) to 1.0 (perfectly reflective). In urban areas, each 0.01 increase in albedo over a square meter of surface area results in a cooling effect equivalent to avoiding 7 kg of CO2 emissions.23 High-albedo surfaces can also mitigate the urban heat effect and reduce the need for air conditioning in warm climates, saving energy and potentially reducing emissions. Government can promote the use of high-albedo materials through building codes and through direct procurement for public roadway and sidewalk materials.

Policies for Adapting to a Warmer World

When planning for a post-2050 future, it is wise to make investments in technologies and measures that will help humanity adapt to climate change. Adaptation can be categorized as structural or physical (e.g., building seawalls or creating new crop or animal varieties), social (e.g., evacuation planning or preparing for migration flows), or institutional (e.g., insurance ownership requirements or urban planning for climate change).24 Many of these measures require long lead times, and efforts to tackle them should begin now. For example, it may be desirable to genetically engineer new varieties of crops that are resistant to drought, heat waves, or different sorts of pests yet are safe for the environment. Work to develop suitable crops may take many years. Governments should provide R&D support for adaptation technologies today.

Governments necessarily take the lead on resilient urban planning, disaster planning, construction of protective infrastructure (e.g., seawalls and early warning systems), and other institutional measures. National governments may require the participation of local governments, particularly for measures best undertaken at the local level, such as by stipulating that cities must take climate change into account in their urban plans. Insurance against natural hazards can be required by government, and premiums may be structured in a way to encourage people to reduce their exposure to damage from extreme weather events.

Governments also must plan for both internal and cross-border migration. The United Nations High Commissioner for Refugees has estimated that “up to 250 million people may be displaced by the middle of this century as a result of extreme weather conditions, dwindling water reserves … a degradation of agricultural land … [and] to escape fighting over meagre resources.”25 This is roughly 50 times the number of refugees from the Syrian civil war, or 3.2 percent of today’s global population. (Lest this figure sound too high to be credible, consider that the United Nations already tracks 64 million refugees, asylum seekers, and internally displaced people, many of whom were forced to relocate by problems caused or exacerbated by climate change.26) Working to ensure that adequate infrastructure, housing, and job opportunities are available, and that migrants can be successfully integrated into new societies, will be critical to preserving political stability. Without proper preparations, the reaction to refugee flows could compound the physical damages caused by climate change.27

Conclusion

Enacting strong policy to mitigate emissions as soon as possible offers the most cost-effective opportunities to limit damage to human societies. However, human needs in a post-2050 world will be different from human needs in 2020 or 2030, and the technology necessary to satisfy those needs does not exist at present. Therefore, even as we act to cut emissions today, it is crucial to begin work on strategies with long lead times to obtain the technologies we will need in the latter part of the century and beyond. In particular, research into CCS technology, various ways to remove CO2 from the atmosphere, and certain high-importance adaptation measures (e.g., genetically engineered crops, to avoid famine) should be robustly supported by present-day government policy and investment. This will help to ensure we have a full portfolio of options with which to tackle future challenges as they arise.





Conclusion

Immediate reductions in greenhouse gas emissions are needed to avoid the worst impacts of climate change. Failing to rapidly reduce emissions could result in significant damage: loss of coastal lands to sea level rise, threatening more than a billion people; mass refugee migrations; famines; a wave of extinctions; and other impacts that will take an economic, ecological, and human toll.

Fortunately, new technologies continue to show that a low-carbon future is within reach and perhaps as cheap as or even cheaper than a high-carbon one. Falling costs of renewable energy technologies—such as solar panels, onshore and offshore wind turbines, super-efficient LED light bulbs, and electric vehicles—mean that the cost of a low-carbon economy keeps falling. In fact, in many regions it is already cheaper to build and operate new zero-carbon electricity technologies than to continue to operate old polluting ones—even ones that are already built!1 And in nearly every region, clean energy deployment continues to outpace even the most aggressive forecasts. For example, consider the fact that Shenzhen, a Chinese city of 12 million people, just finished converting all 16,359 of its buses to run on electricity.2 Just 5 years ago, this was unthinkable.

Although the technology exists today and is falling in cost, significantly reducing global greenhouse gas emissions is a Herculean task, one that will not simply happen on its own even with cheap clean technology. To achieve the reductions needed to keep warming below two degrees and avoid the worst impact of climate change, the highest-emitting countries must rapidly adopt the most effective energy policies and design them well.

Most greenhouse gas emissions—nearly 75 percent—come from just 20 countries. The source of these emissions is predominantly energy use (e.g., power plants, vehicles, and buildings) and industrial processes (e.g., cement or iron and steel manufacturing). The focus should therefore be on reducing emissions from energy use and industrial processes.

Four types of energy policies can be used to address these emission sources: performance standards, economic signals, support for research and development (R&D), and enabling policies. Designed well, these policy types interact with and reinforce one another, strengthening a portfolio of policies to deliver deeper and more cost-effective emission reductions.

Performance standards set minimum requirements for energy efficiency, renewable energy uptake, or product performance. Examples include vehicle fuel economy standards, energy-efficient building codes, renewable portfolio standards, and emission limits for power plants.

Economic signals are policies designed to accelerate the adoption of clean energy technologies, ensure that positive and negative social impacts (i.e., externalities) are incorporated into product costs, or otherwise use the market as a tool for efficiently achieving emission reductions. Examples include carbon taxes and subsidies for clean energy production or efficiency upgrades.

Government support for R&D can accelerate innovation. New technology spurs economic development and reduces reliance on expensive and volatile fossil power sources. Government support can come in the form of funding for basic research (on technologies far from commercialization) intended to benefit many new industries. However, one of the most powerful ways government can support R&D involves creating an environment where private sector R&D can thrive. Examples include sharing technical expertise and facilities (such as national laboratories); adopting appropriate intellectual property protections; promoting robust science, technology, engineering, and mathematics (STEM) education in public schools and universities; and structuring immigration laws so companies are not prevented from hiring foreign STEM talent.

Enabling policies enhance the functionality of the other policies, often through direct government expenditures, information transparency, or reduction of barriers to better choices. For example, a policy requiring clear energy use labels on products enables consumers to make smarter decisions, and good urban design gives people transit options other than driving their cars, enabling them to respond to well-designed economic signals.

For energy and climate policy to be effective, a suite of policies is needed; there is no silver bullet in this business. To design an optimal suite of policies, a policymaker should consider policies from each of these categories. Together, they create a powerful symbiosis that can drive deeper carbon emission reductions than policies in isolation while increasing overall cost-effectiveness of emission reduction.

Deciding which policies to implement is often controversial. Which will deliver substantial emission reductions? What will the costs be? How do certain policies interact with others?

The first step in evaluating which policies to prioritize is to assess the structure of the economy and emissions. Knowledge about how many cars, buildings, and power plants there are, how much energy they use, how their use is expected to grow over time, and so on can highlight which areas of the economy must be a focus for emission abatement.

The next step is to quantitatively evaluate the potential for policies to reduce emissions. Fortunately, advances in modeling, especially when combined with decades of experience in designing and implementing energy policy, now allow us to quantify which policies are most effective at reducing carbon emissions and their relative costs. Marginal abatement cost curves and policy cost curves provide policymakers with detailed information on which technologies and policies have the most potential to reduce emissions, which technologies and policies can reduce emissions most cost-effectively, and how policies interact with one another, either undercutting or amplifying emission reductions. Not every country needs to conduct all these analyses. Some regions will be quite similar to others that have already conducted some or all of these assessments, in which case similar conclusions will apply.

This modeling has also elucidated the fact that just a small set of policies has the potential to significantly reduce emissions from energy and industrial processes. These policies, implemented stringently in the highest-emitting countries, can put us on the path to meeting the two-degree target.

In the power sector, renewable portfolio standards and feed-in tariffs can reduce emissions by increasing the share of fossil-free power generation. Designed well, they can minimize the costs of transitioning to a low-carbon power system. Complementary policies, such as support for transmission lines, smart utility policy structures, and efficiency resource standards, are important as well.

Strong standards and incentives to improve energy use in industry can significantly reduce emissions. The industry sector also produces significant process emissions, which include emissions of CO2 and other non-CO2 gases generated in industrial processes. Policymakers can require control of these emissions and offer incentives and other forms of assistance—technical, financial, or other—to encourage reductions.

In the building sector, building codes and appliance standards are the best tools for reducing emissions. Economic signals do not work well in the building sector, because of well-known market failures that discourage building owners and renters from taking cost-saving measures. Instead, building codes and standards tend to save money, as decreased energy use outweighs any increase in costs over time.

Fuel economy standards, vehicle feebates, electric vehicle incentives, and smart urban planning can all reduce emissions significantly in the transportation sector by increasing the fuel efficiency of vehicles, decreasing their emissions, and offering alternative transportation options.

Carbon pricing is another strong tool for reducing emissions, encouraging emission-reducing behavior across the economy and pushing investments to lower-carbon options.

Finally, support for R&D helps reduce the costs of all of these policies while providing opportunities for new low-carbon technologies to hit the market.

Of course, these policies must be designed well if they are to achieve real-world reductions. Decades of experience with both good and bad policy design has illuminated the characteristics that separate good from bad policy. For example, without built-in mechanisms for continuous improvement, policies tend to stagnate and become obsolete. And without a sufficiently long time horizon, businesses cannot invest in the technology or R&D needed to produce better equipment. The handful of policy design principles discussed in Chapter 2 can ensure that future climate and energy policy maximizes greenhouse gas emission reductions and economic efficiency. These principles can drive effective, investment-grade policy.

We must also have an eye toward what is necessary over the long term. Policymakers should consider the technologies needed after 2050 to drive deep decarbonization, including achieving negative emissions as is required by nearly all two-degree emission scenarios. To this end, policymakers must support R&D initiatives to bring these technologies to market (while pursuing aggressive energy policies to drive cleaner and more efficient power plants, cars, factories, and buildings in the meantime).
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Climate change requires action as soon as possible to limit emissions and avoid their worst impacts. Governments, businesses, and organizations around the world committed to reducing emissions under the Paris Agreement, laying the foundation for emission cuts that put the world on a trajectory for a lower-carbon future. The key now is in turning these pledges into reality—with laser-focused, well-designed policy.

This is a large task. Not only is it possible—we know how to do it. We have the technology today to rapidly move to a clean energy system. And the price of that future, without counting environmental benefits, is about the same as that of a carbon-intensive future. So the challenge is not technical, nor even economic, but rather is a matter of enacting the right policies and ensuring they are properly designed and enforced. We hope this book helps policymakers and others take the next step of turning these pledges into action to achieve the deep emission reductions that we so desperately need.





APPENDIX I

The Energy Policy Simulator

The Energy Policy Simulator (EPS) is a system dynamics computer model that estimates the effects of various policies1 on emissions, financial metrics, electricity system structure, and other outputs. The EPS model is designed to represent different countries by incorporating input data specific to the country in question. This Appendix discusses the purpose, structure, and function of the EPS. More detail on the technical workings of the EPS is available in the EPS online documentation.2

The EPS was developed by Energy Innovation, LLC with help from the Massachusetts Institute of Technology and Stanford University. The model has been peer reviewed by people associated with Argonne National Laboratory, the National Renewable Energy Laboratory, Lawrence Berkeley National Laboratory, Stanford University, China’s National Center for Climate Change Strategy and International Cooperation, China’s Energy Research Institute, and Climate Interactive.

The EPS aims to help policymakers evaluate a wide array of climate-related policies. The tool allows users to explore unlimited policy combinations and to adjust policy levers to any setting, allowing them to create their own policy scenarios. It simulates the years 2017–2050, using annual time steps, and offers hundreds of outputs. Some of the most important are emissions of 12 different pollutants; cash flow (costs and savings) for government, industry, and consumers;3 capacity and generation of electricity by different types of power plants; land use changes and associated emissions or sequestration; and premature deaths avoided by reductions in particulate emissions. These outputs could help policymakers anticipate long-term impacts and costs of implementing new policies. Many of the policies included in the EPS have not yet been explored in many countries, helping to present new options to policymakers. The tool may not only help inform a roadmap for policymakers to implement climate goals (e.g., from the Paris Agreement), but it may also show how policymakers could set new goals and increase their country’s ambitions.

The model is free and open-source. It can be used via an interactive web interface at https://energypolicy.solutions and can be downloaded from the same site.

Why Use a Computer Model to Assist in Policy Selection?

Before considering the structure and uses of the EPS, it is worthwhile to ask, “Why do we use a computer model at all?”

A policymaker seeking to reduce emissions faces a dizzying array of policy options that might advance this goal. Policies may be specific to one sector or type of technology (e.g., light-duty vehicle fuel economy standards) or might be economy-wide (e.g., a carbon tax). Sometimes a market-driven approach, a direct regulatory approach, or a combination of the two can be used to advance the same goal. For instance, to improve the efficiency of home appliances, a government might offer rebates to buyers of efficient models, mandate that the appliance manufacturers meet specific energy efficiency standards, or both. To navigate this field of options, policymakers need an objective, quantitative mechanism to determine which policies will meet their goals and at what cost or savings.

Many studies have examined particular energy policies in isolation. However, it is of greater value to policymakers to understand the effects of a package of different policies because the policies may interact. This interaction can produce results different from the sum of the effects of the individual policies.

Thanks to the strength of computer models at simulating complex systems, a customized computer model is a crucial tool to help policymakers evaluate a wide array of policies. To understand how to hit emission targets that involve emission reductions from every sector, a satisfactory model must be able to represent the entire economy and energy system with an appropriate level of disaggregation, be easy to adapt to represent new countries, be capable of representing a wide array of relevant policy options, and offer results that include a variety of policy-relevant outputs. Additionally, the model must capture the interactions of policies and other forces in a system whose parameters change dramatically over the course of the model run, as countries continue to grow and develop.

About System Dynamics Modeling

A variety of approaches exist for representing the economy and the energy system in a computer simulation. The EPS is based on a theoretical framework called system dynamics. As the name suggests, this approach views the processes of energy use and the economy as an open, ever-changing, nonequilibrium system. This may be contrasted with approaches such as computable general equilibrium models, which regard the economy as an equilibrium system subject to exogenous shocks, or disaggregated technology-based models, which focus on the potential efficiency gains or emission reductions that could be achieved by upgrading specific types of equipment.4

System dynamics models often include “stocks,” or variables whose value is remembered from modeled year to modeled year, and which are affected by “flows” into and out of these variables. For example, a “stock” might be the total installed capacity of coal power plants, which can only grow or shrink gradually, because of construction of coal plants (an inflow) and retirement of old plants (an outflow). In contrast, the amount of energy generated by coal plants in a given year is calculated afresh every year and is therefore not a “stock” variable.

System dynamics models often use the output of the previous time step’s calculations as input for the next time step. The EPS follows this convention, with stocks such as the electricity generation fleet, the types and efficiencies of building components, and so on remembered from one year to the next. Therefore, an efficiency improvement in an early year will result in fuel savings in all subsequent years until the improved vehicle, building component, or other investment is retired from service.

The industry sector is handled differently. Because the available input data come in the form of business-as-usual levels of fuel use and potential reductions in fuel use and process-related emissions by policy, we gradually implement these reductions (with corresponding implementation costs) rather than recursively tracking fleet-wide efficiency. Because of the diverse forms input data can take in the sectors we model, one approach rarely works for all sectors. Accordingly, the EPS attempts to use whichever approach makes the most sense in the context of a specific sector.5

Structure of the EPS

The EPS structure can be envisioned along two dimensions: the visible structure that pertains to the equations that define relationships between variables (viewable as a flowchart) and a behind-the-scenes structure that consists of arrays (matrices) and their elements, which contain data and are acted on by the equations. For example, the transportation sector’s visible structure consists of policies (such as a fuel economy standard), input data (such as the kilometers traveled by a passenger or a ton of freight, or the elasticity of travel demand with respect to cost), and calculated values (such as the quantity of fuel used by the vehicle fleet). The arrays in the transportation sector consist of vehicle categories (light-duty vehicles [LDVs], heavy-duty vehicles [HDVs], aircraft, rail, ships, and motorbikes), cargo types (passengers or freight), fuel types (e.g., petroleum gasoline, petroleum diesel, electricity), and vehicle engine types (e.g., gasoline engine, diesel engine, electric engine). The model generally performs a separate set of calculations, based on each set of input data, for every combination of array elements. For example, the model will calculate different fuel economies for passenger HDVs, freight HDVs, passenger aircraft, freight aircraft, and so forth.

The model has five main sectors (industry and agriculture, buildings, transportation, electricity, and land use), plus a few supporting modules handling other functions, as depicted in Figure I-1.6

The model’s calculation logic begins with the fuels section, where basic properties of all fuels are set and policies that affect the price of fuels are applied. Information about the fuels is used in the three demand sectors: transportation, buildings, and industry and agriculture. These sectors calculate their own emissions from direct fuel use (e.g., fossil fuels burned in vehicles, buildings, and industrial facilities). These sectors also specify a quantity of electricity or heat (energy carriers supplied by other parts of the model) consumed each year. The electricity sector and the district heat module consume fuel to supply the energy needs of the three demand sectors, accounting for transmission and distribution losses. The fifth sector, land use, does not consume fuel or electricity.

All five sectors and the district heat module produce emissions of each pollutant, which are summed, represented by the pollutants box at the bottom of Figure I-1. The same is true for cash flow impacts, which are calculated separately for particular actors (government, industry, consumers, and several specific industries). Calculation of changes in spending (e.g., on capital equipment, fuel, and operations and maintenance), as well as monetized social benefits from avoided public health impacts and climate damages, are also carried out at this stage.

Two model components affect the operation of various sectors. A set of research and development levers allows the user to specify improvements in fuel economy and decreases in capital cost for technologies in each of the four sectors and in the carbon capture and sequestration (CCS) module. The CCS module alters the industry and electricity sectors by reducing their CO2 emissions (representing sequestration), increasing their fuel usage (to power the energy-intensive CCS process), and affecting their cash flows.

Input Data Sources

The model has significant input data requirements, necessitating the use of a variety of data sources. All regional EPS models are adapted from the international, open-source release of Energy Innovation’s Energy Policy Simulator. To adapt the model to a new region, input data are sourced via the following approaches, in order of priority:


	National data located in published sources, produced as outputs from other models or provided by national governments.

	When national data are not available, input data from other countries7 are scaled to represent the country being built. Scaling factors differ by variable and are selected based on which scaling factor most closely correlates with the variable in question. For example, a variable pertaining to economic output or production might be scaled by GDP, whereas a variable related to wastewater treatment might be scaled by population.

	When national data are unavailable and scaling other countries’ data is irrelevant or inappropriate, other countries’ input data are used unchanged. Scaling data is irrelevant when the data are not actually country-specific (e.g., the global warming potentials of various gases). It may also be inappropriate when, for example, the expected lifetime of a building component (such as an air conditioner) in another country may be the best available estimate of the lifetime of that same type of building component in the country being modeled. Scaling the lifetime of a foreign air conditioner by any available factor (e.g., population, GDP) would be nonsensical.
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Figure I-1. High-level structure of the Energy Policy Simulator.

In general, the model uses only publicly available data and sources that do not cost money to access. All of the data used in the model are documented and sourced meticulously. Many variables have more than one data source, so full source information can sometimes be extensive. Full source information is available in each variable’s associated spreadsheet file, which can be downloaded as part of the EPS package.





APPENDIX II

Methodology for Quantitative Policy Assessment

This book estimates the potential of individual policies to meet a future emission and warming scenario. These estimates are not meant to represent the exact abatement potential achievable in each of the regions modeled. However, they are supposed to indicate the relative magnitude of different policy options and to demonstrate the value in having a broad suite of policies with strong early action and continuous improvement.

Reference Scenario Emissions

Ideally, forecasting emissions and potential reductions would rely on emission projections from each country through 2050. However, most countries do not have projections to 2050. Even when countries do have projections to 2050, they often omit certain sectors (e.g., land use or industrial processes) or use different global warming potential values. Given the paucity of 2050 emission projections and the heterogeneity of the projections that do exist, a country-level analysis was not possible.

Instead, we relied on regional emission modeling completed under the Low Climate Impact Scenarios and the Implications of Required Tight Emission Control Strategies (LIMITS) modeling, initiated by the European Union and published in 2013.1 LIMITS modeling has been used to assess previous climate negotiation scenarios relying on the same models used extensively in the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (AR5). Of the major climate modeling exercises, it has the finest level of detail, with 10 superregions (whereas most other modeling efforts evaluate only 5 regions) and the most up-to-date forecasts at the time of this writing.

The LIMITS modeling exercise included several different model teams from around the world. Based on the availability of sector-specific results and alignment with other modeling, we chose to use the Pacific Northwest National Laboratory and the Joint Global Change Research Institute’s model results using the Global Change Assessment Model (GCAM).
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Figure II-1. Business-as-usual emission projections. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data sources: Clarke et al., 2014. Data downloaded from the IPCC-IAMC database hosted at IIASA, https://secure.iiasa.ac.at/web-apps/ene/AR5DB; Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

For our reference scenario, we used the “Base” scenario, which assumes no near-term or global action on emissions through 2100. Figure II-1 shows how the Base scenario for the GCAM compares with the other models used for LIMITS and the Representative Concentration Pathway (RCP) 8.5 Scenario, the business-as-usual scenario in AR5.

Under the Base scenario, global greenhouse emissions grow from 48.0 Gt CO2e in 2010 to 84.7 Gt CO2e in 2050, using global warming potential values from the IPCC Fourth Assessment Report (AR4) and covering CO2, methane, nitrous oxide, and F-gases. We used values from AR4 because emission values for F-gases are available only in aggregate CO2e and therefore cannot be adjusted to values used in the AR5. The GCAM emission trajectory is roughly a mid-case scenario across the different models.

2050 Target Emission Level

The LIMITS study mapped two sets of climate policy targets: a 450-ppm scenario with radiative forcing of 2.8 W/m2, giving a greater than 70 percent chance of staying under two degrees of warming; and a 500-ppm scenario with radiative forcing of 3.2 W/m2, giving a 50 percent chance of staying under two degrees of warming.2

The LIMITS modeling evaluated different scenarios for achieving those targets. These include a benchmark scenario, a Reference Policy scenario (“Ref Pol”), and a Strong Policy (“StrPol”) scenario, in addition to variations on each of these.

The Ref Pol scenario assumes a weak near-term target with fragmented action until 2020. The StrPol scenario assumes a stringent near-term target with fragmented action until 2020.

We used the Ref Pol-500 scenario, which combines the target and near-term action assumptions of the Ref Pol scenario with the emission target of the 500 scenario, in assessing necessary emission reductions through 2050. The Ref Pol-500 scenario is a good policy scenario because it assumes some limited action through 2020, reflective of the current state of affairs on global climate policy, with significant reductions after 2020 to achieve the 500-ppm target.

For context, the GCAM Ref Pol-500 scenario is one of the more aggressive emission reduction scenarios between 2020 and 2050. It falls roughly in between the RCP2.6 and RCP4.5 scenarios from AR5. Figure II-2 shows how the GCAM Ref Pol-500 scenario compares with these other low-emission scenarios.3

Using the Ref Pol-500 scenario as our policy target, we estimated necessary reductions by calculating the cumulative emission reductions between 2010 and 2050 between the Base scenario and the Ref Pol-500 scenario. Although the LIMITS modeling runs to 2100, we limited our assessment to 2050 in order to use the Energy Policy Simulator (EPS) for the analysis, discussed in Appendix I.

Next, we estimated real business-as-usual emissions between 2010 and 2020 using observed data on emissions between 2010 and 20143 and extrapolating this trend to 2020.

Accounting for the difference in observed/forecasted business-as-usual emissions between 2010 and 2020 and the GCAM emission projection over this period, we then calculated the total emission reductions needed between 2020 and 2050 from the LIMITS modeling. This value, a 43 percent reduction in cumulative emissions, served as our emission target.

Mapping onto Reference Countries

The EPS, discussed in detail in Appendix I, served as the primarily tool for calculating the potential of policies to reduce emissions. To use the EPS, we first mapped each sector in each of the 10 superregions from the LIMITS modeling onto the sector of an existing EPS model. At the time of the analysis, we had models for the United States, China, Indonesia, Poland, and Mexico. We could not use the Mexico model because it evaluates emissions only to 2030, whereas the other models evaluate emissions to 2050.
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Figure II-2. 2°C scenario emission projections. (Analysis done using data with permission from the International Institute for Applied Systems Analysis [IIASA]. Data sources: Clarke et al., 2014. Data downloaded from the IPCC-IAMC database hosted at IIASA, https://secure.iiasa.ac.at/web-apps/ene/AR5DB; Data source: Tavoni et al., 2013. Data downloaded from the LIMITS Scenario database hosted at IIASA, https://tntcat.iiasa.ac.at/LIMITSPUBLICDB/dsd?Action=htmlpage&page=about.)

Each of the sectors in the 10 superregions was mapped onto the same sector in either the United States, China, Indonesia, or Poland model, based on how closely the rate of emission growth (or decline) in that sector matched the same sector in one of the four EPS models. In some instances, expert judgment was used to map a sector onto the most similar country model. We also mapped each region onto a country as a whole to assess cross-sector policies, such as carbon pricing.

Representative Country Abatement Potential

Policy scenarios were then developed for each of the reference country EPS models, using similar policy settings. In some instances unique policy settings were used that reflect the unique abatement options available to different country types. For example, a ban on new coal power plants was used in Indonesia, a region that has a large forecasted increase in electricity demand. However, this policy was not used in China, the United States, or Poland, which all have flat electricity demand or are already oversupplied. A full list of the policies and settings used is included in Table II-1. Note that the policy settings included are 2030 values. After 2030, where applicable, policy settings increase at 1 percent per year through 2050. In some cases the policy settings may seem arbitrary, but they were set to achieve uniformity (e.g., fuel efficiency standards for light-duty vehicles were designed to achieve 70 miles per gallon in 2050 across all models).

Potential Reductions by Policy

We then calculated the percentage reduction in sectoral emissions in each of the EPS models for each policy. For example, we calculated the annual percentage reduction in emissions in the power sector from a renewable portfolio standard of 40 percent in the “U.S. EPS model” to avoid confusion. We did this assessment for every policy enabled. For cross-sector policies, such as a carbon tax, we looked at the reduction in economy-wide emissions after accounting for reductions from the sector-specific policies.

We assumed that each of the superregions could achieve the same percentage reduction in sectoral emissions as the region it was mapped onto. For example, if the renewable portfolio standard of 40 percent resulted in power sector emission reductions of 30 percent in 2050 in the U.S. EPS, then it was assumed each region that was mapped to the U.S. power sector could achieve a 30 percent reduction in that region’s power sector emissions through 2050. A similar approach was applied for cross-sector policies.

We then summed the emission reductions across regions by policy type through 2050 to develop cumulative emission reduction estimates through 2050.

In aggregate, we found that a small set of policies, set stringently, could achieve large enough cumulative reductions through 2050 to meet the reductions achieved under the Ref 
Pol-500 scenario.

An important note to this analysis is that our method looks at the ability of new policies or strengthened existing policies to drive further emission reductions. The analysis does not attribute the emission reductions from existing policies to the policy category being assessed. For example, China, Poland, and the United States all have strong vehicle fuel economy standards on the books. Our modeling evaluates the potential for additional emission reductions on top of those that will be achieved with existing policy. Contextualizing the results within the existing policy framework is critical. Policies that have already been enacted stringently are likely to show smaller emission reductions potential than some might expect, because this analysis looks only at the incremental reductions possible.

Table II-1
Energy Policy Simulator Policy Settings
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Appendix I

1. The Energy Policy Simulator includes nonenergy policies, such as those affecting land use and industrial processes, as well as energy policies.

2. For more information, see “Energy Policy Simulator Documentation,” January 10, 2018, https://us.energypolicy.solutions/docs/.

3. The Energy Policy Simulator calculates first-order costs and savings (which entities pay which other entities more or less money relative to the business-as-usual case). It does not include a full macroeconomic simulation of the economy, which would consider questions such as how government spends increased tax revenues (or what government cuts in response to reduced tax revenues), because these decisions are beyond the scope of the energy and nonenergy policies that the computer model seeks to evaluate.

4. Macroeconomic models may be particularly useful for creating a projected business-as-usual case, because their strength is in elucidating economic interactions, but they may have trouble representing certain policies, particularly those that save money by causing actions that aren’t undertaken in the absence of policy, because of market failures, irrational behavior by economic actors, nonmarket barriers, and so on. Technology-based models may be very useful for understanding the maximum potential abatement that could be derived from different sectors or different activities, which is helpful when deciding which sectors or activities to target with policies. However, they may not provide insight into what policies would induce those technical changes. A system dynamics model is strong at estimating how policies would affect emissions, cash flows, and so on relative to the business-as-usual case, without needing to rely on many of the underlying assumptions used by macroeconomic models.

5. For more information on how each sector functions, see the model’s online documentation at “Energy Policy Simulator Documentation,” https://us.energypolicy.solutions/docs/.

6. Agriculture is handled with other industries because of similarities in how its emissions can be handled within the model structure. For example, agricultural equipment burns fuel, just as fuel is burned by machinery in manufacturing industries. Similarly, just as other industries have process emissions unrelated to fuel combustion, agriculture has such emissions (e.g., methane from rice fields or ruminant animals). Aspects of agriculture related to land use change, such as cutting down a forest to create a plantation, are handled in the “Land Use” section of the model, not the “Industry and Agriculture” section.

7. Most commonly, scaled data originate from the United States. The types of data missing in many countries tend to be the same, whereas U.S. data availability is relatively good.
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