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Abstract Annual carbon dioxide (CO,) emissions from the U.S. power sector decreased 24% from 2000 to
2018, while carbon intensity (CO, per unit of electricity generated) declined by 34%. These reductions have
been attributed in part to a shift from coal to natural gas, as gas-fired plants emit roughly half the CO,
emissions as coal plants. To date, no analysis has looked at the coal-to-gas shift from the perspective of
commitment accounting—the cumulative future CO, emissions expected from power infrastructure. We
estimate that between 2000 and 2018, committed emissions in the U.S. power sector decreased 12% (six
GtCO,), from 49 to 43 GtCO,, assuming average generator lifetimes and capacity factors. Taking into
consideration methane leakage during the life cycle of coal and gas plants, this decrease in committed
emissions is further offset (e.g., assuming a 3% leakage rate, there is effectively no reduction at all). Thus,
although annual emissions have fallen, cumulative future emissions will not be substantially lower unless
existing coal and gas plants operate at significantly lower rates than they have historically. Moreover,

our estimates of committed emissions for U.S. coal and gas plants finds steep reductions in plant use and/or
early retirements are already needed for the country to meet its targets under the Paris climate
agreement—even if no new fossil capacity is added.

Plain Language Summary The substitution of natural gas for coal plants has been promoted as a
way to lower greenhouse gas emissions, because CO, emissions per unit electricity generated from gas are
roughly half that of coal. The potential for such coal-to-gas reductions is demonstrated by the U.S. power
sector, where increased use of natural gas for electricity generation has occurred alongside substantial
reductions in annual CO, emissions. However, changes in annual emissions are only part of the story; such
reductions have been accompanied by large changes in the age and composition of the U.S. generating fleet.
These infrastructure changes are reflected in an accounting of “committed” emissions or the emissions
that are expected to occur over the entire operating life of power plants. We find that although annual
emissions from power plants decreased by 24% between 2000 and 2018, committed emissions decreased by
only 12%, as coal plants at the end of their operating lifetime were replaced by new gas plants with
potentially long operating lifetimes. We find that very large reductions in the use of U.S. coal and gas plants
are already needed for the country to meet its targets under the Paris climate agreement—even if no new
coal or gas plants are built.

1. Introduction

The U.S. power sector has gone through large changes in the past two decades, including the growth of nat-
ural gas. Low natural gas prices, capital costs, and build times of combined cycle gas-fired power plants in
the 1990s led to a large expansion in U.S. gas-fired capacity in the beginning of this century (CERA,
1, 2008; Colpier & Cornland, 2002). From 2000 to 2005, over 156 GW of combined cycle gas capacity was
commissioned, followed by an additional 99 GW from 2006 to 2018 (Energy Information Administration
[EIA], 2019b). At the same time, innovations in hydraulic fracturing technology dramatically increased
domestic gas supplies and further decreased prices (EIA, 2019b) and use of natural gas by the power sector
surged.

In addition to gas power, solar and wind power capacity has also increased. From 2000 to 2018, the U.S. com-
missioned 93 GW of wind power and 63 GW of solar power (thermal and photovoltaic; EIA, 2019a;
SEIA, 2019). Nearly half of the wind and solar additions (74 GW, or 47%) have been added since 2015. As
aresult of the increased capacity, solar and wind power has grown from providing less than 1% of power gen-
eration in 2000 to nearly 9% in 2018 (EIA, 2012, 2019b).
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Concomitant with the growth in gas and renewable use was a decline in coal use. Between 2000 (EIA, 2012)
and 2018, the share of U.S. electricity from coal fell by nearly half, from 52 to 27% (EIA, 2019b). As the use of
coal decreased, so did CO, emissions from the power sector: between 2000 and 2018, emissions from the U.S.
power sector decreased 24%, from 2.31 to 1.76 Gt (EIA, 2012, 2019b). The average CO, emissions intensity of
U.S. electricity production from 2000 to 2018 decreased 34%, from 646 to 426 kg CO,/MWh (Schivley
et al., 2018, 2019).

Various studies have credited part or even most of the decline in annual U.S. CO, emissions to increased gas
use. From 2000 and 2018, electricity from natural gas more than doubled, growing from 16% of electricity
consumed in 2000 to 35% in 2018, passing coal's share in 2015 (EIA, 2019b). On average, gas-fired combined
cycle plants emit 50 to 60% less CO, per megawatt-hour (MWh) than coal plants (Zoelle et al., 2015). Given
its greater usage and lower CO, emissions compared to coal, studies have attributed between 15 (Feng
et al., 2015, 2016) and 40% (Kotchen & Mansur, 2016; Mohlin et al., 2018) of the ~11% decline (646 Mt) in
2007-2013 U.S. CO, emissions to increased natural gas use. A U.S. Energy Department report estimates
coal-to-gas switching reduced CO, emissions between 2005 and 2014 by 1.2 Gt of CO, (Murphy &
Cunliff, 2016).

However, increased electricity generation from wind and solar power, as well as decreases in the energy
intensity of the U.S. economy and reduced power demand from the 2008 global recession, also helped reduce
emissions (Feng et al., 2015; Mohlin et al., 2018; Prasad & Munch, 2012). Some studies have emphasized that
these other factors may be more important to long-term decreases in U.S. greenhouse gas emissions. For
example, as abundant natural gas displaces coal, it may also delay deployment of lower-carbon sources of
electricity such as renewables and nuclear, resulting in little to no net climate benefit over time (Davis &
Shearer, 2014; McJeon et al., 2014; Shearer et al., 2014). In addition, the climate benefits of CO, emissions
avoided by the use of gas may be partially or completely offset by fugitive emissions (i.e., leakage) of the
greenhouse gas methane during extraction and transport of the gas (Alvarez et al., 2018; Balcombe
et al., 2018; Brandt et al., 2014).

To date, no paper has focused on the decrease in U.S. power sector emissions from the perspective of “com-
mitted emissions”—the cumulative future CO, emissions from fossil fuel energy infrastructure assuming
expected lifetimes and utilization rates (i.e., capacity factor). Because the increase in global mean tempera-
tures and cumulative CO, emissions is roughly proportional (Allen et al., 2009; Matthews et al., 2009), com-
mitted emissions are a proxy for the aggregate climate impacts of any change in energy infrastructure and/or
its operation. Studies have estimated the globally committed CO, emissions of all carbon-emitting infra-
structure (Davis et al., 2010; Tong et al., 2019) and of operating and proposed fossil power plants (Cui
et al., 2019; Davis & Socolow, 2014; Pfeiffer et al., 2016, 2018), as well as power sector commitments in spe-
cific countries, including China (Jiang et al., 2017) and India (Shearer et al., 2017).

For this analysis, we estimate U.S. committed CO, emissions across two different time periods (1950-2000
and 1950-2018) to examine how decreases in annual emissions from 2000 to 2018 compare to changes in
emission commitments brought about by shifts in the age and composition of the power fleet. Given the sen-
sitivity of emissions to plant usage, we also estimate committed emissions across a range of lifetimes and uti-
lization rates. We then examine the degree to which committed emissions put the United States at risk of
infrastructural inertia impeding the rate and cost-effectiveness of pledged CO, emission reductions. While
the current administration has moved to withdraw from the Paris climate agreement, an exit is not effective
until November 2020 (Tollefson, 2017).

2. Materials and Methods

Commitment accounting estimates cumulative emissions from a power plant or CO,-emitting asset over its
assumed lifetime (Davis & Socolow, 2014). At any point in time, the committed emissions of an operating
power plant may be divided according to the fraction of these emissions that have already been “realized”
(i-e., emitted) and the fraction “remaining” (i.e., expected in the future). For an electricity generating unit
(“generator”), the accounting therefore requires the following information: (1) the year the generator began
operating, (2) the year the generator retired (if applicable), (3) emissions per unit of electricity generated, and
(4) capacity factor (i.e., the ratio of the plant's actual generation to its maximum potential generation).
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Figure 1. Age distributions of coal- and gas-fired power plants. Total U.S. coal and gas power capacity by plant age in
(a) 2000 and (b) 2018, and (c) retirements by age from 2000 to 2018. The median age for each is represented as dotted
lines. From 2001 to 2018, 235 GW of combined cycle gas capacity and 27 GW of gas turbines were added, net of
retirements, lowering the median age for gas plants from 23 to 22 years. For coal, 26 GW of power capacity was added and
90 GW was retired from 2001 to 2018, decreasing total U.S. coal power capacity by 64 GW and increasing the median
age for coal plants from 34 to 43 years. Nearly 60% of capacity that retired from 2000 to 2018 was 50 years of age or older,
with a median of 56 years (c). In all, the power fleet from gas and coal increased by 207 GW from 2000 to 2018.
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Figure 2. Commitment accounting of coal- and gas-fired generators as of 2000
and 2018. Assuming average capacity factors and lifetimes, committed CO,
emissions from coal and gas plants (a) 1950 to 2000 and (b) 1950 to 2018
increased 35 Gt, from 104 Gt in 2000 to 139 Gt in 2018. Remaining committed
CO, emissions from coal (shaded purple) decreased from 40 Gt in 2000 to 17 Gt
in 2018, as emissions were realized, while remaining committed emissions for
gas increased from 9 Gt in 2000 to 26 in 2018, due to new gas plants.

(c) Altogether, remaining emissions decreased 6 Gt from 2000 to 2018, from 49 to
43 Gt, as the realization of emissions from aging and retired coal plants were
partially offset by new emission commitments from increased gas capacity. The
majority of remaining emissions shifted from coal plants (81% in 2000) to gas
plants (60% in 2018). During this time, 41 Gt of committed CO, emissions (black)
were realized, growing from 55 Gt in 2000 to 96 Gt in 2018.

CO, emissions per MWh were calculated using the heat rate
(i.e., thermal energy per unit electricity generated) of the plant
and the emission factor of the fuel. Heat rate values were derived
from the U.S. Energy Information Administration (EIA) for gas
combined cycle plants and gas turbines (EIA, 2019b) and the U.S.
Environmental Protection Agency for coal plants (Sargent &
Lundy, 2009). Emission factor values were derived from the U.S.
Department of Energy for coal type (Hong & Slatick, 1994) and the
EIA for natural gas (EIA, 2016). Efficiency declines of 25% for coal
plants, 20% for combined cycle plants, and 25 to 50% for gas turbines
were applied to units 30 years and above, consistent with the average
increase in CO, emissions per MWh from aging generators
(EIA, 2018).

For our reference case, we use average capacity factors of 60% for coal
and combined cycle, and 10% for gas turbines, to capture both his-
toric and recent averages (2000-2018 averages are 61% for coal, 46%
for combined cycle, and 8% for turbines; by 2018, coal had declined
to 54%, while combined cycle and turbines increased to 58 and 12%,
respectively [EIA, 2019b]). We use an average lifetime of 50 years
for coal-fired plants and gas-fired plants, rounding from their histor-
ical capacity-weighted average of 46 years (50 and 42 years, respec-
tively; EIA, 2019a; Monitor, 2019). We also test the sensitivity of
committed emissions to lifetimes and capacity factors +50% of the
reference averages, as upper- and lower-bound scenarios. Operating
plants that have already exceeded their assumed lifetime are ran-
domly retired over the next 5 years (Davis & Socolow, 2014).

Life-cycle methane emissions for coal and gas plants were derived
from the U.S. Department of Energy's National Energy Technology
Laboratory, which estimate 0.5 t CO,e/MWh for gas plants for every
1% of leakage, and an average of 0.5 t CO,e/MWh for coal plants, at a
global warming potential of 34 for methane over 100 years
(Schwietzke et al., 2014).

3. Generator Data

Generator data are from two data sets: the U.S. EIA form 860 M
(March 2019) for natural gas plants (EIA, 2019a) and the Global
Energy Monitor (GEM) database (January 2019) for coal plants
(Monitor, 2019). The U.S. EIA 860 is a publicly available database
that includes information on each operating, retired, and planned
power generator in the United States. The GEM database is also pub-
licly available and includes each operating, retired, and planned coal
generator with a nameplate capacity of 30 MW or more. Additionally,
the GEM database includes plant type and coal type per unit, used
here to calculate CO, emissions.

4. Results

From 2000 to 2018, the United States added 229 GW of combined
cycle gas-fired capacity and 42 GW of gas turbines (net of 7 and
66 GW of retirements, respectively), while reducing coal-fired capa-
city by 64 GW (net of 26 GW of new capacity added). Combining coal
and gas, total generating capacity increased by 207 GW. Figure 1
shows these capacity changes between 2000 and 2018 along with
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Table 1

Modeled Lifetimes and Capacity Factors

their effect on the age distribution of U.S. gas- and coal-fired generat-
ing capacity. For example, over the 17 years, the median age (dashed

Lifetime (years)

Capacity factor lines) of gas-fired capacity decreased by 1 year (from 23 to 22 years),

50% Average 50% 50% while the median age of coal-fired capacity increased by 9 years (from

Average above (%) below  above 34 to 43 years; Figures la and 1b). Nearly 60% (53 GW) of the
coal-fired capacity retired over this period was 50 years or older, with
Coal 50 75 60 30 90 . .
T 50 75 60 30 9 a median age of 56 years (Figure 1c).
cycle In turn, Figure 2 shows the effects of the capacity changes between
Gas turbine 50 75 10 5 15

2000 and 2018 on committed CO, emissions assuming average life-

Average lifetime and capacity factor used to estimate committed emissions,
and the lower bound (50% below) and upper bound (50% above) values.

Table 2

Difference in 2000 and 2018 Committed Emissions

times and capacity factors (see Table 1). Here, 1950 is used as the
starting point, as it is the first year of significant coal power capacity
additions (over 1.5 GW), and thus the first year of significant com-
mitted emissions. New gas-fired capacity is visible as large additional commitments since 2000, most of
which remain to be emitted in the future (yellow and orange areas in Figure 2b that are not visible in
Figure 2a). Between 2000 and 2018, remaining committed emissions related to coal-fired capacity (dark pur-
ple in the bottom halves of each panel in Figure 2) decreased by 23 GtCO, (from 40 to 17 GtCO,), as emis-
sions from coal plants were realized. Remaining committed emissions related to gas-fired capacity (dark
yellow and orange) increased by 17 GtCO, (from 9 to 26 GtCO,), as new gas plants were added. Thus, while
committed emissions from coal decreased as the plants reached 50+ years and were taken offline, the reduc-
tion was partially offset by new emission commitments from increased gas capacity, leading to an overall
6 GtCO, reduction in remaining emissions from 2000 and 2018 (from 49 to 43 GtCO,). The majority of
remaining emissions shifted from coal plants (81% in 2000) to gas plants (60% in 2018; Figure 2c). During
this time, 41 Gt of committed emissions (black) were realized, growing from 55 GtCO, in 2000 to
96 GtCO, in 2018.

Methane also affects emission commitments, as methane leakage into the atmosphere can result in substan-
tial CO,-equivalent (CO,e) emissions. We therefore consider how life-cycle methane emissions for both coal
and gas use affect cumulative CO,e commitments from 2000 to 2018. If 1% of natural gas production escapes
into the atmosphere unburned, the difference between 2000 and 2018 commitments is reduced from 6 to
5 GtCO,e (Table 2). At a 2% leakage rate, the reduction drops to 2 GtCO,e and disappears altogether at a
3% leakage rate (0 GtCO,e). Currently, the U.S. Environmental Protection Agency estimates methane leak-
age to be around 1.4%, although other studies suggest that leakage may be underestimated (Alvarez
et al., 2018; Balcombe et al., 2018; Brandt et al., 2014).

Remaining committed emissions are dependent on how long and often the plants are used. Figure 3 there-
fore looks at remaining CO, commitments for coal and gas plants in 2000 and 2018 at +50% of the reference
averages (Table 1) to model the range in historic usage. Remaining committed emissions for the year 2000
(Figure 3a) range from 35 GtCO, (pink) to 111 GtCO, (yellow), depending on the capacity factor and life-
time. The range begins at 35 GtCO, since 35 of the 49 GtCO, of remaining emissions in 2000 have already
been realized through 2018. Remaining committed emissions for the year 2018 (Figure 3b) range from
5 GtCO, (purple) to 140 GtCO, (yellow), showing that future emissions are highly dependent on plant usage.
Thus, 2018 commitments can either be up to 30 GtCO, lower or 29 GtCO, higher than commitments in 2000,
depending on if plants are used at low-capacity factors and lifetimes (dark purple) or high-capacity factors
over longer lifetimes (light purple), respectively (Figure 3c).

It is important to note the high sensitivity of emissions to plant usage
and lifetime, resulting in a wide range of future committed emissions.
Reducing the average lifetime of current coal and gas plants from 50

1% leakage

2000
2018
Difference (2018-2000)

2% leakage 3% leakage to 40 years would result in 33 GtCO, of remaining commitments
53 54 rather than 43 GtCO,; also reducing the average capacity factor from
51 54 60 to 50% would lower commitments further to 22 GtCO,. Retiring
-2 0 coal and gas plants at 50 years but reducing usage immediately

Committed emissions (GtCOe) in 2000 and 2018 for coal and gas plants at
average life-cycle methane emissions for coal and a 1 to 3% methane leakage

rate for natural gas.

to a 30% capacity factor would lower remaining commitments
to 10 GtCO, and could back-up the increased deployment of
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Committed emissions in 2000

Assumed lifetime (y)

Assumed lifetime (y)

Net difference 2000-2018

75

Assumed lifetime (y)

30% 40% 50% 60% 70% 80% 90%
Capacity factor

|
-30 0 30 60 920 120 150
Committed CO, emissions (Gt CO,)

Figure 3. Changes in committed emissions 2000-2018. Remaining committed
emissions in (a) 2000 and (b) 2018, and (c) net varied by lifetimes and capacity
factors ranging from 50 to —50% of reference averages (Table 1). Remaining
committed CO, emissions for the year 2000 (a) range from 35 Gt (pink, 30%
capacity factor and 25-year lifetime) to 111 Gt (90% capacity factor and 75-year
lifetime), as 35 Gt of the 49 Gt of remaining emissions in 2000 have already been
realized through 2018. Remaining committed CO, emissions for the year 2018
(b) range from 5 Gt (purple, 30% capacity factor and 25-year lifetime) to 140 Gt
(yellow, 90% capacity factor and 75-year lifetime), showing that future emissions
are highly dependent on how often and for how long the plants are used.
Combining the two time periods (c), remaining CO, commitments in 2018 can
be up to 30 Gt lower than they were in 2000, if the plants are used at low-capacity
factors and lifetimes (dark purple), or up to 29 Gt higher and if the plants are
used at high capacity factors over longer lifetimes (light purple).

intermittent, renewable power capacity. Conversely, an increase in
the historic use or lifetime of coal and gas plants will enlarge future
commitments, while any coal or gas plants built after 2018 will also
increase commitments, unless offset by early retirements or reduced
plant usage.

Given the inherent uncertainties in estimating future emissions,
Figure 4 looks at a range of future CO, emissions from currently
operating U.S. coal and gas plants through 2050 at +50% of the refer-
ence averages (Table 1) and compares the emissions against the coun-
try's climate targets, assuming no new coal or gas plants are added. As
part of its nationally determined contribution (NDC) for the Paris
agreement, the United States pledged a 26 to 28% reduction in its
GHG emissions by 2025 (below 2005 levels), with “best efforts”
toward the 28% reduction. According to the NDC, the U.S. target is
“consistent with a straight line emission reduction pathway from
2020 to deep, economy-wide reductions of 80% or more by 2050”
(Government, U. S., 2015).

In 2016, the U.S. government released a mid-century strategy (MCS)
for achieving the 80% by 2050 reduction (House, 2016). In all four sce-
narios modeled, gas plants without carbon capture and storage (CCS)
provided at most 2 EJ of power generation by 2050 (there are no coal
plants without CCS in any scenario by 2050). At the average heat rate
and emission factor for combined cycle gas plants, the 2 EJ of una-
bated gas power (i.e., without CCS) would emit around 0.25 GtCO,
in 2050. The steep reductions in emissions for power usage reflects
two main factors: (1) cost-competitive alternatives to fossil fuel elec-
tricity are increasingly available, unlike other sectors, and (2) indus-
try, transport, and heating will likely require electrification to
decrease their share of emissions, putting further weight on the
power sector to decarbonize (Davis et al., 2018; House, 2016; Iyer
et al., 2017).

The black line in Figure 4 shows a “straight line emission reduction
pathway” from 1.7 GtCO, in 2025—consistent with the NDC goal
of a “best effort” 28% decrease in power sector emissions over 2005
—t0 0.25 GtCO, by 2050, the estimated maximum emissions allotted
for unabated gas plants by 2050 in the MCS. Emissions above the line
offer a guideline for the reductions in the usage and lifetime of cur-
rent unabated coal and gas plants needed for the United States to
meet its NDC and MCS targets.

Over historically average lifetimes (50 years), current coal and gas
plants can continue operating at an average 60% capacity factor
through 2025 and still be compatible with the U.S. NDC, as long as
no new coal or gas plants are added. However, the average capacity
factor needs to fall to 40% by 2045 (purple shading) and 20% by
2050 to meet the U.S. climate target in 2050 (black line; Figure 4a).
The 2050 target affects 332 GW of gas plants and 25 GW of coal
plants, unless retired early or retrofitted with CCS.

Conversely, if existing generators operate at historically average capa-
city factors (60% coal and gas plants, 10% turbines), the units must
retire or retrofit at 40 years by 2050; the capacity factor is too high
for all plants to continue operating as historically through 2050
(Figure 4b). This equates to 34 GW of coal plants and 409 GW of
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Figure 4. Future CO, emissions from currently operating coal- and gas-fired plants. Future emissions from currently
operating coal and gas plants will depend upon the average lifetimes and utilization of those plants (Table 1). (a) If
existing plants operate over historically average lifetimes, the targeted reductions in U.S. power-related emissions (its
NDC and MCS, denoted by the solid black line) can be met at the current average capacity factor (60%) in 2025, but must
decrease below 30% to meet the MCS target in 2050. (b) Similarly, if existing plants operate at average capacity
factors, plants must retire or retrofit by 40 years or sooner (purple shading) to meet the MCS for 2050. By 2050, the
climate target will affect over 300 to 400 GW of currently operating power plants, mainly gas, unless retired early or
retrofitted with CCS.
gas plants retiring or retrofitting with CCS by 2050, reflecting the young age of the gas fleet. Thus, lowering
plant usage (Figure 4a) can help reduce the large early retirements required in Figure 4b.
In short, even if no new coal or gas plants are added, over 300 to 400 GW of existing coal and gas plants will
require large reductions in usage, retrofits with CCS, or early retirement to meet U.S. climate goals. This ana-
lysis reflects similar studies finding that existing infrastructure is already incompatible with the Paris climate
agreement and that strengthening NDCs can help prevent early retirement of fossil fuel infrastructure
(Binsted et al., 2020; Iyer et al., 2015). In addition, issues of fairness and equity arguably require faster,
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deeper cuts from historically large emitters like the United States than planned by its Paris pledges (Du Pont
et al., 2017; Meinshausen et al., 2015; Peters et al., 2015). Rather than strengthen the NDC, however, the
Trump Administration has tried to revoke it and roll back many of the policies the NDC and MCS relied
on for emissions reductions. However, the Trump Administration has introduced tax credits for every ton
of CO, captured with CCS technology, which may help bolster wider adoption; currently, less than 1 GW
of all U.S. coal and gas power capacity are equipped with CCS (EIA, 2019a).

5. Conclusions

Although annual CO, emissions in the power sector decreased by 24% between 2000 and 2018, committed
CO, emissions decreased by a more modest 12% (6 Gt), assuming average generator lifetimes and utilization
rates. This is because the decrease in annual emissions of the U.S. power sector occurred alongside a
build-up of 335 GW of new gas capacity, offsetting some of the decreases in committed emissions from
90 GW of retired coal plants. The rise in committed emissions from gas plants was not counteracted by
the early closure of coal plants, most of which (60%) retired at 50 years of age or above (Mills et al., 2017).
Additionally, methane leakage from natural gas production further reduces the difference in emission com-
mitments from 2000 to 2018 to between 5 and 0 GtCO,e at a 1 to 3% leakage rate, respectively.

In 2010, Davis et al. emphasized that the aging U.S. power plant fleet represented a critical opportunity to
cost-effectively transition the country's power sector away from fossil fuels. At the time the
capacity-weighted mean age of U.S. plants was 32 years—near the historical retirement age of 36 to 39 years
(Davis et al., 2010). Here, we show that in the years since, this opportunity has been largely missed: in 2018,
the capacity-weighted mean age of fossil fuel-fired plants in the United States has now decreased to 29 years,
while the historical retirement age is 46 years. If no new fossil infrastructure had been built after 2000, there
would be just 14 GtCO, remaining committed today, assuming average rates; instead, commitments have
been renewed by natural gas.

However, while the fossil fuel-burning infrastructure underlying current committed emissions exists, its
future operation is not certain. Reducing the capacity factors and operating lifetimes of fossil plants, for
example, by improving the competitiveness of non-emitting, renewable energy sources, will decrease
remaining committed emissions. Phasing out coal power could lower future commitments from 43 GtCO,
to as low as 26 GtCO,. Reducing gas plant usage to an average 50% capacity factor and 40-year lifetime would
lower commitments further to 22 GtCO,. Future commitments of between 26 and 22 GtCO, would result in
a 47 to 55% decrease over 2000 commitments (49 GtCO,). Conversely, commissioning more unabated gas
power capacity could increase future commitments, with 42 GW of gas power currently under development
(EIA, 2019a). If these gas plants are built, greater reductions in coal and gas plant usage will be needed to
meet climate targets.

This analysis finds that while annual emissions decreased from 2000 to 2018, committed emissions are
potentially large due to the build-up of a large, young gas fleet, requiring large reductions in plant usage
to meet climate goals. Thus, for decarbonization goals it is critically important to assess not just annual emis-
sions and carbon intensity but also the age and composition of the power fleet. Indeed, our analysis demon-
strates a potential shortcoming of relying on annual CO, emissions as an indicator of decarbonization
efforts: short-term emission reductions may belie longer-term emission commitments. In contrast, remain-
ing committed emissions reflect a longer-term perspective that may be useful in assessing the climate impli-
cations of macro-level changes of energy system transitions.
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