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Changing Baselines, Shifting Margins: How Predicted Impacts of 
Pricing Carbon in the Electricity Sector Have Evolved Over Time 

Karen Palmer, Anthony Paul, and Amelia Keyes 

Abstract 
CO2 emissions reductions from within the U.S. electricity sector can come primarily from four 

sources: reductions in the emissions intensity of the operating coal and natural gas fleets, shifting 
generation from coal to natural gas, shifting generation from fossil fuels to renewables, and reduced total 
generation in response to lower electricity demand. The relative importance of each of these margins 
depends on technology costs, fuel costs, and electricity demand growth. In this paper we explore how 
recent changes in actual and predicted technology costs for renewables, natural gas prices, and the rate of 
electricity demand growth have affected emissions from the electricity sector. We use a model to analyze 
how the sector would respond to a carbon tax with emphasis on the contributions of the four margins and 
compare with older analysis performed when technology and fuel cost projections were different. We find 
that a carbon tax induces a more prominent shift of generation from both coal and gas to renewables than 
from coal to both gas and renewables under the more recent technology and cost projections. We also 
show that contrary to findings from earlier analysis with higher assumed renewables costs, high natural 
gas prices enhance the effectiveness of CO2 taxes through greater substitution from gas to renewables. 
Carbon taxes are having a smaller impact on retail electricity prices in both absolute and percentage terms 
and thus on overall demand with the more recent projections. 
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Changing Baselines, Shifting Margins: How Predicted Impacts of 
Pricing Carbon in the Electricity Sector Have Evolved Over Time  

 Karen Palmer, Anthony Paul, and Amelia Keyes∗ 

Introduction 

In the 20 years since the UN climate change conference that produced the Kyoto Protocol 
and set out to create an international cap-and-trade system for CO2 emissions, the US 
government has been engaged in several rounds of discussions about various proposals to price 
CO2 emissions at the federal level. Each successive proposal has been accompanied by studies of 
the costs and effects of policy options. 

As this policy debate has ebbed and flowed, technology has advanced and changed the 
economics that drive the electricity sector. These changes are secular and partly policy-driven. 
Most recently, they include shifting relative fuel costs of gas and coal, falling costs for 
renewables technologies, and a decline in the growth rate of electricity demand. Together these 
collective changes have important effects on projections of CO2 emissions in both the absence 
and presence of a price on carbon emissions.  

The role of technological change in evolving projections of future baseline market 
conditions – what happens in the absence of regulation – is a phenomenon that has plagued 
efforts to predict the costs and impacts of new environmental regulations more generally as 
documented by Harrington et al. (2000). In their analysis contrasting ex-ante and ex-post 
estimates of regulatory costs, they found that analysts failed to anticipate the effects of 
technological change on baseline conditions and thus over-predicted both the costs and the 
benefits of future environmental regulations. Baseline emissions turned out lower than 
anticipated and thus so were the emissions reductions attributable to the regulations and the 
associated cost of compliance. This paper shows how changes in technology affect both 
baselines and policy costs and effects within the carbon policy context, thereby providing an 
illustration of some of the phenomena identified by Harrington et al. 

We focus on the expected response of the electricity sector to a carbon price, how that 
expectation has changed over time, and how it is affected by various assumptions. In 2012, we 
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considered the question of underlying assumptions by analyzing different carbon taxes under the 
Annual Energy Outlook (AEO) 2009 technology cost and other reference case assumptions in 
combination with AEO 2009 and AEO 2011 assumptions about fuel prices and demand growth. 
That analysis was never published. Here we extend the prior analysis to include the AEO 2016 
assumptions under the reference case combined with more recent assumptions about renewable 
costs from the National Renewable Energy Laboratory (NREL) and selected sensitivities as 
defined for the Stanford Energy Modeling Forum (EMF) 32 power sector only modeling 
exercise. We compare and contrast similarly scaled (but not identical) carbon tax scenarios in 
combination with these other assumptions to explore how the electricity sector is likely to 
respond under two different sets of baselines and how sensitive that response is to different 
assumptions about key parameters. We focus on sensitivities about fuel prices and demand 
growth because these are two of the most important sources of uncertainty in the sector. 

We find that projections of future CO2 emissions from the electricity sector have fallen 
substantially over the past several years due to lower costs of renewables, lower costs and 
associated growing reliance on natural gas in the baseline, and reduced growth in electricity 
demand. We also find that carbon taxes are having smaller projected impacts on retail electricity 
prices and thus on overall demand than previously projected. Earlier carbon tax analyses 
indicated that the most cost-effective emissions reductions over a two-decade horizon would 
come from substitution of coal-fired generation to gas-fired generation. Our more recent analysis 
shows that renewables investment is now projected to be much more responsive to a carbon tax 
than in previous projections. Lastly, the recent analysis indicates that a similar magnitude carbon 
tax will produce lower CO2 emissions when gas prices are high than when they are low, which is 
contrary to findings from earlier in the decade. 

These findings suggest that emissions reductions in the electricity sector have become 
less expensive than previously thought, and emissions reduction goals can be achieved at a lower 
cost. Additionally, given that achieving our ultimate climate goals will require a substantial 
reduction in emissions not only from electricity but also from other energy sources, including 
fossil fuels used for transportation or space and water heating and cooling, this trend suggests 
that greater electrification of these end uses could be done cost-effectively. There may be 
opportunities for greater electrification with substantial carbon-reducing impacts, so the time 
may soon be ripe for policies to encourage such a transition. Although this paper is not about the 
range of different policy options for mitigating CO2 emissions from electricity production, we 
would be remiss if we failed to mention that market-based policy instruments, like a carbon tax 
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or cap-and-trade program, are technology-neutral and robust to changing fundamentals in the 
power sector.   

The rest of this paper is organized as follows. We begin with a general discussion of four 
margins for reducing greenhouse gas emissions from the electricity sector and how EIA’s 
reference case projections of electricity demand and supply have evolved over time. At the end 
of this section, we describe the scenarios that we analyze and their relationship to the larger EMF 
32 project. We then present an overview of the Haiku model that forms the basis of our analysis. 
Our discussion of the modeling results includes a description of the baseline results and the 
different assumptions that underlie them, followed by a discussion of the impact of different 
carbon taxes. Finally, we conclude. 

Margins for Reducing CO2 and the Role of Baseline Assumptions 

With the current suite of electricity generating technology options that are available, four 
pathways offer the largest potential for reductions in CO2 emissions from the electricity sector.1 
One is improvements in the efficiency of the coal and gas generator fleets. These improvements 
can happen through investments at existing plants to improve heat rates (Linn et al. 2014) or 
through switching from more intensive use of less efficient plants to more efficient plants.  
Recent vintages of natural gas combined cycle units have much lower heat rates than older units 
and investment and operation of these newer units at the expense of older ones will reduce the 
carbon intensity of electricity produced using natural gas.   

The second margin is fuel switching from coal to natural gas, which results in roughly a 
50-60 percent reduction in CO2 emissions per MWh of electricity produced. Given variations in 
heat rates at existing plants and availability of excess gas-generating capacity in some parts of 
the country, a fair amount of shifting is possible without new investment. However, the superior 
performance of newer gas combined cycle units make investment in new facilities attractive even 
when there is excess existing capacity. 

                                                 
1 In addition to the approaches identified here, equipping fossil-fired generators with carbon capture and storage 
(CCS) technologies is another approach that could substantially reduce CO2 emissions, but at a high cost. Given the 
assumptions in our model, including no option for CCS retrofit of existing generators, CCS does not emerge as an 
important emissions reduction pathway. Paul et al (2015) describes other pathways that are also small compared to 
the four discussed here.  
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The third emissions reduction pathway is shifting from use of fossil fuels, either coal or 
natural gas or both, to greater reliance on non-emitting generators, which are likely to be 
renewables given the high cost of constructing new nuclear facilities. 

The fourth primary pathway to emissions reductions is reduced electricity consumption. 
This would follow from the imposition of a price on carbon emissions that would drive down 
electricity consumption due to increasing retail prices. Improvements in energy efficiency at the 
point of end-use could also drive down electricity consumption. These improvements could 
come from efficiency standards or from utility- or publicly-run efficiency programs2. We will 
consider separately exogenous reductions in electricity demand growth relative to baseline 
growth and endogenous demand reductions driven by elevated retail prices following from the 
imposition of a price on carbon emissions. This allows for an analysis of the interaction between 
carbon tax-driven demand reductions and other reductions.  

The relative importance of these margins and the role they might play under a carbon tax 
is changing as the electricity sector evolves in response to changes in renewables and fuel costs. 
For example, the potential for fuel switching between coal and gas in response to a price on 
carbon will depend on the role of coal in the baseline scenario, in which carbon is not priced. The 
contribution of coal to electricity production has declined in recent years from over 55 percent in 
the late 1980s to roughly 30 percent in 2016 (EIA 2016, EIA 2017a) and the implications for 
emissions from electricity supply have been dramatic as documented in the 2017 Economic 
Report of the President (CEA 2017). In like fashion, the anticipated future role of coal has 
diminished over time and recent AEO reference case projections suggest a markedly reduced 
contribution by coal from what was anticipated just five years ago. This diminished role for coal 

                                                 
2 The Regional Greenhouse Gas Initiative (RGGI) is a program that prices carbon emissions and uses most of the 
revenue from auctioned emissions allowances to fund energy efficiency programs. RGGI claims that its 
expenditures on energy efficiency programs in 2015 will lead to lifetime reductions of electricity consumption of 4.6 
TWh and 3.1 M short tons of avoided CO2 emissions (Regional Greenhouse Gas Emissions, Inc. 2015). This 
example serves to illustrate one pathway to demand reductions that is not driven by carbon prices raising retail 
electricity prices, but would not exist without the carbon pricing program. 
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is largely a function of lower natural gas prices associated with the increase in gas supplies from 
hydraulic fracturing (DOE 2017).3  

Cheap, abundant natural gas is a phenomenon that energy analysts at EIA project will 
impact energy markets for quite some time, and their optimism about the continued role of this 
energy source and its effect on prices in the future has increased over time. Figure 1 shows the 
dropping trend lines for projections of natural gas prices to electric utilities between AEO 2009 
and AEO 2016. Price declines from fracking were already starting to appear in the AEO 2011 
forecasts, which had natural gas prices to electric utilities of $6.50 per MMBtu (2011 $) in 2030, 
fully 30 percent below the AEO2009 projection of $9.40. By AEO 2016, this 2030 natural gas 
price projection was down to $5.30, a full 44 percent below AEO 2009 projections, which, as we 
show later, further advantages natural gas over coal as a means of supplying electricity. 

                                                 
3 These differences are reflected in the different starting points for the two AEOs that form the basis of our 
scenarios. The data year for AEO 2011 is 2009, and in that year coal accounted for 44 percent of total electricity 
generation and natural gas was only 23 percent. By 2014, the data year for AEO 2016, coal’s share of generation had 
fallen to 39 percent and natural gas had grown to 28 percent, a five percent swing for both fuels over five years. 
Other technologies also evolved between 2009 and 2014. Total generation from solar increased 18-fold, from about 
1 TWh to 18 TWh and wind generation more than doubled from 74 TWh in 2009 to 182 TWh in 2014. These latter 
changes represent a much more rapid transition to renewables than anticipated in the AEO 2011. 
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Figure 1. EIA Natural Gas Price Projections 

 

Recent changes in the cost of renewables have affected their role in electricity production 
today and their anticipated role in the future. In the model based on the AEO 2011, wind turbines 
were assumed to have a base cost of $2,409/kW (2010$). It was assumed at the time that 
concentrating solar technologies would dominate photovoltaics and the cost was projected at 
$8,194/kW (2010$). The costs of both technologies have fallen dramatically since then. Now the 
base cost for wind turbines is $1,592/kW in 2020 (2014$) and photovoltaics have emerged to 
dominate concentrating solar at a cost of $1,452/kW in 2020 (2014$). Effective capacity factors 
for wind turbines have increased since the 2011 vintage of the model. 

Lastly, expectations about electricity demand growth have declined to an extent that has 
an important effect on baseline emissions and on how the sector is expected to respond to 
different carbon tax levels. Figure 2 shows total electricity demand projections for the same three 
AEO reference cases, and the flattening of expected load growth in the more recent projections is 
evident. For 2030 total electricity demand in the AEO 2016 reference case is 11 percent lower 
than the projection from the AEO 2009 reference case due to shifts in expectations about the 
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energy efficiency of future appliances and equipment and about economic growth and electricity 
dependence. The flattening of realized demand due to a similar set of factors including the 
sustained economic effects of the 2008-09 recession have kept the starting point for future 
demand growth low, as shown in comparing the AEO 2016 demand projections to those of 
earlier vintages, and total residential electricity sales actually declined by 3 percent between 
2010 and 2016 (EIA 2017b).  

 

Figure 2. Electricity Demand Projections 
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way the electricity sector is likely to respond to the imposition of different levels of a carbon tax 
on electricity producers.4 

We focus on sensitivities about fuel prices and demand growth because these are two of 
the most important sources of uncertainty in the sector. Current low natural gas prices were not 
anticipated as recently as five years ago and recent history suggests that prices can be volatile. 
The lower prices of today are a consequence of the development and rapid deployment of 
hydraulic fracturing technology, but the use of that technology could be adversely affected at 
some point in the future by environmental or earthquake concerns. Even if these concerns do not 
lead to higher production costs, significant international gas exports could raise domestic prices. 

On the electricity demand side, growth has been on a downward trajectory for several 
years due to a variety of factors including slow economic growth and energy efficiency 
improvements and policies. However, efforts to decarbonize sectors other than electricity, 
especially transportation, will likely reverse this trend and lead to increased demand growth. 
Therefore, understanding how the sector might respond when demand is high is important. 

In the next section we briefly describe the model, and subsequent sections interpret the 
findings from this exercise. Changes in the underlying costs of renewable technologies also have 
important effects on electricity sector response to a carbon tax and these differences contribute to 
some of the changes in carbon reduction strategies identified in this analysis.  

Summary Description of the Haiku Model 

The simulation modeling uses the Haiku electricity market model, a partial equilibrium 
model that solves for investment, retirement, and operation of the electricity system in twenty-six 
linked regions of the contiguous United States through 2035. Each simulation year is represented 
by three seasons (spring and fall are combined) and four times of day yielding twelve time 
blocks. Demand varies across time blocks based on historical load duration curves and is 
modeled for three customer classes in a partial adjustment framework that captures the dynamics 

                                                 
4 The Council of Economic Advisors has done a simpler decomposition of actual reductions in electricity sector CO2 
emissions relative to projections by comparing projections from the 2008 AEO to actual emissions results between 
2008 and 2016, and illustrating the contributions from changes in the emissions intensity of the fossil generating 
fleet and in the size of the contribution from clean generation (CEA 2017), given actual levels of electricity 
generation in each year. The analysis presented in this paper focuses exclusively on projections and understanding 
the impacts of potential future carbon taxes. In addition to identifying effects related to shfting the composition of 
generation, this analysis considers how changes in total electricity production in response to the imposition of a 
carbon tax affect projected CO2 emissions. 
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of the long-run demand responses to short-run price changes. Supply is represented using fifty-
five model plants in each region, including various types of renewables, nuclear, natural gas, oil, 
and coal-fired power plants. Coal model plants are defined according to installed pollution 
controls. Power imports from Mexico and Canada are held constant. Thirty-nine of the model 
plants in each region aggregate existing capacity according to technology and fuel source. The 
remaining seventeen model plants represent new capacity investments, also differentiated by 
technology and fuel source. Two vintages of the Haiku model drawing on three separate AEO 
assumptions are used in this analysis and discussed in more detail below. 

Operation of the electricity system in the model is based on the minimization of short-run 
variable costs of generation and long-run fixed costs of capacity reserve. Fuel prices and supply 
elasticities are benchmarked to two different EIA AEOs. Coal is differentiated by heat, sulfur, 
and mercury contents and location of supply, and both coal and natural gas prices are 
differentiated by point of delivery. The price of biomass fuel also varies by region, depending on 
the mix of biomass types available and delivery costs to different locations. Coal, natural gas, 
and biomass are modeled with price-responsive supply curves; prices for nuclear fuel and oil, as 
well as the prices of capital and labor, are held constant. 

Investment in new generation capacity and the retirement of existing facilities are 
determined endogenously for an inter-temporally consistent (forward-looking) equilibrium, 
based on the discounted value of going-forward revenue streams net of going-forward capacity-
related costs using a 5 percent discount rate. Existing coal-fired facilities have plant-specific 
opportunities to make endogenous investments to improve their efficiency (Linn et al. 2014). 
Investment and operations include pollution control decisions to comply with regulatory 
constraints for SO2, NOx, mercury, hydrochloric acid, and particulate matter, including equilibria 
in emissions allowance markets where relevant. 

Price formation is determined by cost-of-service regulation or by competition in different 
regions, corresponding to current regulatory practice. The retail price of electricity does not vary 
by time of day in any region, though all customers face prices that vary from season to season. 

The model requires that each region have sufficient capacity reserve to meet requirements 
drawn from AEO (EIA 2013). The reserve price is set just high enough to retain enough capacity 
to cover the required reserve margin in all time blocks. In competitive regions, the reserve price 
is determined separately by time block and paid to all units that generate electricity and to those 
that provide additional capacity services. The fraction of reserve services provided by steam 
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generators is constrained to be no greater than 50 percent of the total reserve requirement in each 
time block. 

The availability of wind and solar generation varies by time block and model region 
based on data obtained from the National Renewable Energy Lab (NREL). The data provides 
capacity factors separately for wind and solar in each hour of a year and across thousands of 
geographic grid points. We aggregate the data to our twelve time blocks and twenty-six model 
regions. Dispatchable generators may bid any spare capacity into reserve markets in each time 
block. Non-dispatchables may not; they get credit in the reserve markets up to their production 
levels in each time block and no more. So more dispatchable capacity is called upon by the 
model to satisfy reserve margins when more investments are made in new wind and solar. 
Another implication of the limit on capacity reserves by wind and solar is that the ratio of total 
installed capacity to peak generation will be higher under scenarios with more wind and solar 
investments. There is no storage technology for transferring power between time blocks 
available in the model.5  

Results 

Scenarios 

The results draw on two sets of Haiku models runs. The first set are those from the EMF 
32 round of model runs that draw primarily from assumptions in the AEO 2016 for technology 
costs, fuel costs, and electricity demand growth projections.6 In addition to using assumptions 
from the reference case we also evaluated scenarios with high natural gas prices, based on the 
low gas and oil resource side case from the AEO, and with high electricity demand growth based 

                                                 
5 If storage were in the model and affordable enough to be chosen by the model, total costs would fall. The impact 
on other outcomes like capacity and generation mixes is uncertain because storage would make all types of capacity 
more valuable. 
6 The one exception is the technology costs for renewable technologies. These come from the National Renewable 
Energy Labs 2016 Annual Technology Baseline. 
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on the high economic growth side case from the AEO.7 These three alternative assumptions 
about secular trends were solved in the absence of a carbon tax and with carbon taxes of $25 and 
$50 per ton CO2, for a total of nine scenarios. 

The second set of runs are from an earlier vintage of the model based on AEO 2011. That 
model was used to analyze the effects of EPA’s Mercury and Air Toxics Standards (MATS) and 
additional restrictions on SO2 and NOx emissions under the Cross-State Air Pollution Rule 
(CSAPR). The analysis contrasted these regulatory impacts with the effects of contemporaneous 
secular changes in fuel prices and electricity demand growth (Burtraw et al. 2012). The 
alternative assumptions about secular trends were each solved for a similar set of three carbon 
prices: $0, $25, and $50 per ton CO28. 

Important differences between the underlying assumptions of the AEO 2011 and 2016 
have been discussed already in the section on the “Role of Baseline Assumptions”. This analysis 
focuses on how these assumptions about secular trends drive outcomes within the power sector 
in terms of CO2 emissions, retail electricity prices, and the mix of technologies and fuel types 
that will emerge to generate electricity. We then consider how the assumptions interact with 
prices on carbon emissions from power generation. 

Baselines Comparison 

The shift from AEO 2011 reference case projections for Haiku model inputs–including 
fuel prices, technology costs and electricity demand growth–and AEO 2016 reference case 
projections for the same inputs caused projections for total generation in 2030 to fall by about 
210 TWh or roughly 5%. More dramatic was the change in the composition of generation as 

                                                 
7 We examine a comparative static for natural gas prices that is on the margin of reference case prices and higher 
prices. There will be six such comparative statics for three different carbon tax levels over two different model 
vintages. We are agnostic about whethe prices are likely to be higher or lower than reference, but choose only the 
high price case for a comparative static. A low-price scenario would offer a second comparative static for each 
combination of carbon tax and model vintage, but at the cost of additional complication. We choose to keep it 
simple and study only one comparative static on natural gas prices for each carbon tax and model vintage 
combination. The same approach is taken for electricity demand growth. We study only high growth cases to 
calculate one comparative static for each carbon tax and model vintage combination. 
8 The $25 and $50 carbon prices are not identical in the AEO 2011 and AEO 2016 runs because of differences 
between short and metric tons and between 2010 and 2011 dollars. These differences are discussed at the beginning 
of the “Carbon Tax Results” section. 



Resources for the Future Palmer, Paul, and Keyes 

12 

illustrated in Figure 3.9 Recent projections see a diminished role for coal in the future compared 
to earlier projections, as shown by comparing the AEO 2016 and AEO 2011 stacked bars of 
Haiku generation results. Taking coal’s place is increased generation from natural gas and 
renewables, especially wind power, which played a very small role in earlier projections but is 
now more prominent. Solar power also plays a bigger role, although still very small, in more 
recent baseline generation projections.   

The effect of high gas prices has also changed. In 2030, natural gas prices are 45% higher 
in the high gas price sensitivity to the AEO 2011 and 33% higher in the high gas price sensitivity 
to the AEO 2016. Under the older assumptions–with higher technological costs of renewables–
higher gas prices primarily increased coal generation, but with cheaper renewables both 
renewables and coal see an increase under higher gas prices, as shown in Figure 3.   

The effect of higher electricity demand growth on the sources of generation is essentially 
the same in the AEO 2016 and AEO 2011 scenarios, with most of the increase coming from 
greater generation by natural gas. A decrease in coal generation in the high demand scenario 
follows from greater investment in new natural gas combined cycle units. 

                                                 
9 Note that the Haiku results presented in Figure 3 for projected baseline generation shares in 2030 differ in some 
respects from the associated AEO projections for electricity generation by fuel type. For example, the AEO 2011 
projections for 2030 envision 42 percent of generation from coal and 23 percent from gas, where as the Haiku model 
runs based on AEO 2011 assumptions project 46 percent of total generation from coal and only 20 percent from gas.  
Haiku also projects a slightly larger contribution from wind. In the more recent AEO 16 based scenarios, projections 
for coal and gas generation shares are more closely aligned between the two models with Haiku projecting a slightly 
lower share from coal (28 percent) compared to AEO (30 percent) and both models project roughly 12 percent from 
wind or solar by 2030, although Haiku envisions more wind in that mix than AEO. 



Resources for the Future Palmer, Paul, and Keyes 

13 

 

Figure 3. Generation Shares 

 

The combination of lower electricity production, less expensive renewables, and less 
reliance on coal (and on fossil fuels generally) in the 2016 baseline results in substantially lower 
CO2 emissions, as shown in Figure 4. Emissions of CO2 are roughly 27 percent lower in the 
AEO16 based scenarios than they are with AEO11 assumptions. The impacts of gas price 
increases and of higher demand growth on CO2 emissions are more substantial with older 
assumptions than with newer ones because non-emitting renewables are less prominent in those 
scenarios than in the more recent ones. 
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Figure 4. CO2 Emissions 

Carbon Tax Results 
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taxes are different.  However, comparisons between the groups of scenarios in the attribution of 
emissions reductions across different sources are relevant.  

To get a sense of how different the electricity sector looks under different carbon taxes 
under the old and new assumptions, Figures 5 and 6 present the generation shares by technology 
and fuel under each carbon tax scenario. Following from the lower cost of renewables, we see a 
much greater increase in wind and solar from the introduction of a carbon tax than is observed in 
prior analyses. In the more recent analyses coal all but disappears with a $25 carbon tax while in 
the older scenarios it takes a $50 tax to substantially diminish coal’s role. Simultaneous high 
natural gas prices and high demand growth under the old assumptions created space for a 
continued role for coal even under the $50 carbon tax, accounting for roughly 12.5 percent of 
total generation as shown in Figure 6. Neither assumption individually is sufficient to revive coal 
generation under the AEO 16 baseline scenario. 
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Figure 6. Generation Shares with $50 Carbon Tax 

To better understand the sources of emissions reductions associated with a particular 
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emissions reductions with the policy and shows differences across model vintages and across 
other assumptions in how these emissions reductions are achieved. It shows that across all the 
different scenarios and model assumptions, the majority of the emission reductions come from 

                                                 
10 Specifically, we implement Model 1 in Table 1 in Ang (2015), which corresponds with Ang’s equation (1), but 
with electricity generation substituted for industrial output (Q) and CO2 emissions substituted for electricity 
consumption (E) 
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the structure factor, which captures shifts in the composition of the generation mix. The share 
attributable to the structure factor is larger in the more recent scenarios than in the older ones, 
which is consistent with the greater role played by non-emitting generators in the more recent 
EMF scenarios than in the older scenarios, as shown above in Figure 5. Within the structure-
driven emissions reductions, almost all reductions came from shifts away from coal in both the 
new and old scenarios. Changes in emissions intensity within fuel type (intensity factor) played a 
more important role in the older model runs than it does in the EMF scenarios. Changes in 
emissions intensity for coal are driven by improving heat rates at existing plants and changes in 
dispatch in favor of more efficient plants, while change in emissions intensity for natural gas are 
driven by bringing new, more efficient natural gas combined cycle plants online. Coal intensity 
changes played a larger role in the old scenarios (accounting for almost all intensity-driven 
emissions reductions in some cases) compared to the new scenarios, while natural gas intensity 
changes played a minor role in the old scenarios but made up about a third of intensity-driven 
reductions in some of the new scenarios. The other important difference is that the older 
scenarios show a notable contribution from reductions in electricity demand (activity factor) that 
are virtually non-existent in the more recent scenarios. 
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Figure 7: CO2 Emissions and Emissions Reduction Decomposition for $25 Carbon Tax 

Total reductions are greater in the recent vintage of the model, but again this is partly due 
to the larger effective tax in the recent vintage (as described at the beginning of this section). The 
carbon tax is more effective at reducing emissions under a high gas price scenario under the 
more recent assumptions than under the older assumptions where emissions actually fall less 
with higher gas prices than they do with reference level gas prices. In contrast, the emissions 
reductions with a $25 tax are higher with high demand growth compared to baseline demand 
growth in the older vintage runs, but in the newer vintage the differences in emissions reductions 
between the high demand growth case and the reference case are much smaller in percentage 
terms.  

One reason for the differences in the role of the activity factor (electricity consumption) 
in producing reductions in emissions across the two vintages of scenarios is the different impacts 
of the carbon tax on electricity prices. Even though the effective carbon tax is higher in the AEO 
2016 scenarios than in the older vintage scenarios, prices rise less under each of the two levels of 
carbon taxes examined in the new scenarios, as shown in Figure 8.11 The reduction in the impact 
of carbon taxes on electricity prices is driven by a combination of lower natural gas prices and 
lower renewable costs, both of which shift down the marginal cost of emissions reductions and 
lower the cost of the carbon tax policies to the electricity sector and to electricity consumers.  

 

                                                 
11 Prices in Figure 8 are in 2011 dollars. 
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Figure 8. Electricity Retail Price Comparison 

 

Figure 9 presents the CO2 emissions and decomposition results for the $50 carbon tax 
scenarios. These results reveal patterns that are like those in the $25 carbon tax scenarios, with 
more reliance on the structure factor (generation mix shifts) in the new models, especially with 
high natural gas prices. While in the $25 tax scenarios the structure-driven reductions were 
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as well. The older vintage models show emissions reductions continuing to come more from the 
activity and intensity factors than in the new vintage.   
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Figure 9. CO2 Emissions and Emissions Reduction Decomposition for $50 Carbon Tax  

 

Conclusion 
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reducing emissions, displacing natural gas to coal substitution. The increased role of non-
emitting renewables and their lower costs have led to projections of electricity price increases 
under a price on carbon emissions that are smaller than before. This diminished price effect 
means that some of the burden of reducing emissions has shifted from consumers to producers. 

These findings have important implications for policy. While the power sector has 
achieved emissions reductions due to declining technology and fuel costs and lower demand 
growth, there is still a need for policy to address climate change. Our findings show that we can 
now achieve climate goals at a lower cost, or implement more stringent policies to achieve 
further reductions at no greater cost than would have been expected under prior conditions. 
Additionally, these findings suggest renewed optimism about the potential for electrification of 
transportation and other energy services that currently rely on fossil fuels as a path toward 
greater emissions reductions within the broader energy economy. 

We can expect that over the coming five years, the landscape will again be transformed, 
but it is hard to predict how it will change. One of the advantages of a carbon price over 
command-and-control oriented policies is that it doesn’t matter how the landscape changes; a 
carbon price will always provide an incentive to reduce emissions and the market will determine 
the pathways. Carbon prices can also work alongside command-and-control policies like 
subsidies and standards. This resilience to technological and other market conditions and 
versatility across a range of policy landscapes is a virtue of such a price-based policy. 
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