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over $100 billion, as carbon capture and sequestration (CCS) could become 
economical for several point-source CO2 applications outside of the power 
sector, including natural gas processing, ethanol, ammonia, and cement 
(Attwood 2022).

Note that the CBO/JCT score examines effects only across a ten-year 
budget window, and most IRA incentives are available for ten years from 
their construction date (i.e., a project constructed in the early 2030s may 
receive credits into the 2040s). US-REGEN estimates that the electric 
sector tax credits will sum to $780 billion through 2040, 63 percent of the 

2 are estimated to be 
$210 billion by 2040. For a hypothetical budget window from 2031 to 2040, 
electric sector tax credits would be $460 billion, nearly three times the com-
parable CBO/JCT values for the initial ten-year period (about $160 billion).
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but since these credits generally expire around 2031, power sector credits 
lead cumulative spending by 2040. The power sector PTC and ITC could 
last longer, until electricity emissions reach 25 percent of 2022 levels, which 
could mean that credits could remain in place for over two decades and 

window.20 Projections for tax expenditures over time can vary based on 
uptake of ITC vis-à-vis PTC (i.e., where the former are front-loaded and the 
latter are payouts over time), bonus eligibility, and timing of investments.

An analysis by Credit Suisse points to greater climate spending in sev-
eral areas, especially for advanced manufacturing credits. The authors of 
the report project tax expenditures of $250 billion for these credits support-
ing solar, wind, and battery supply chains, which is eight times higher than 
CBO estimates (Jiang and others 2022).

20. This threshold is approximately 380 MtCO2 equivalent/year, based on preliminary 
estimates of 2022 emissions by the Rhodium Group (Rivera and others 2023). IRA scenarios 
in US-REGEN generally do not reach emissions levels below this threshold until after 2040.
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shows how economy-wide emissions reductions reach 30 percent below 2005 
only by 2030 in that case.23

We calculate emissions reductions in the US economy and do not model 

ure 4 take a similar approach. This implicitly assumes that reductions in the 
United States will not lead to increased emissions outside the United States 
(i.e., that there will not be meaningful emissions “leakage”). The exist-
ing empirical estimates and model-based studies suggest that emissions 
leakage is limited (Grubb and others 2022), and these studies are based on 
climate mitigation approaches that impose costs on domestic industry, such 

23. Power sector emissions in a scenario with IRA incentives that are capped at the CBO 
values exceed reference levels, since renewables and CCS deployment are lower than in the 
IRA scenario but overall generation is higher than the reference case due to the additional 
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40 percent economy-wide CO2 reductions by 2030 relative to 2005 levels 
and 75 percent reductions in power sector CO2, which entails power sector 
investments increasing by almost 50 percent over the central case.

-
tivities. Tax credit expenditures quadrupling through 2031 under the higher 

the central case and about $100 billion in hydrogen credits. Fiscal costs of 
these tax credits approach $2 trillion through 2040 in the higher scenario.

cations from Treasury and the IRS, including those about bonus credit eligi-
bility, qualifying resources for technology-neutral PTC and ITC in the power 
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based on capital cost assumptions from the EPRI’s US-REGEN model used 
for the analysis in other sections.28 Without the IRA, costs for renewable 
technologies, including solar and wind, are generally projected to decline 
(24 percent for solar, 16 percent for onshore wind, and 18 percent for 
offshore wind by 2030). These projections are based on a combination 
of factors, including assumptions about learning curves, technological 

28. Values are discussed in Bistline, Roney, and others (2023). Capital cost assumptions 
in 2030 are similar to the National Renewable Energy Laboratory’s Annual Technology Base-
line (moderate technology innovation scenario), which is the primary source for many models 
that have informed policy discussions about the impacts of the IRA (see Bistline, Blanford, 
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mandates for these resources, which are represented in many models, includ-
ing US-REGEN. Finally, the impact of tax credits on the LCOE is a function 
of the assumptions about how long the subsidies will persist. As discussed 
above, we illustrate LCOEs with credits that begin declining in 2032, but 
extended tax credits would reduce LCOEs across longer horizons, poten-
tially across multiple decades.

assumptions about the interest rate faced by a project developer. Figure 9, 
panel A, plots LCOEs under different discount rates, highlighting how 
various technologies respond to increases in the cost of borrowing (across 
an illustrative range of rates). Low-carbon technologies are all more sensi-
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section II illustrate how deployment of storage technologies could total over 
10 GW per year (compared with about 7 GW of energy storage installed 
cumulatively as of 2022).

increase the frequency of zero- and negative-priced hours, which comprise 
nearly half of all hours in the wind-dominant Southwest Power Pool (SPP) 
region. Ultimately, the frequency of negative-priced periods depends on 

priced periods are more likely the more generators take the PTC rather than 

the margin).  In contrast, emissions equivalent carbon pricing (as presented 

-
ity is on the margin in many hours, and not all subsidized resources are incentivized to make 
negative bids (e.g., those electing to take the ITC).



policy, there are different perspectives on the importance of wholesale and 
retail market changes for deeply decarbonized energy systems, which may 
be dominated by resources with zero or negative short-run marginal costs, 
energy-limited devices such as storage, and cross-sector interactions and 

and out-of-market payments for resource adequacy and reliability (Ela and 
others 2021; Mays, Morton, and O’Neill 2019; Hogan 2019; Conejo and 
Sioshansi 2018).

While the analysis of price pressures has focused on the production-

(e.g., solar panels). These subsidies will put downward pressure on market 
prices for all suppliers.

-
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markets, this assumption means that wholesale electricity buyers pass on 

involves assumptions about the political and regulatory processes that 

consumers.  In reality, electric vehicle manufacturers, clean electricity 
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largely from the clean vehicle credits, as less than 2 percent of growth in 
passenger vehicle electricity demand from the reference occurs with power 
sector provisions alone. There are several reasons for this muted demand 

including stock turnover dynamics, limited effects of fuel costs in purchase 
decisions, and wholesale electricity prices being only one component of 
retail prices (i.e., unsubsidized transmission and distribution costs could 
comprise large shares of retail prices).

In this section, we consider the macroeconomic impacts of the climate pro-

-
sical growth model with clean energy capital, we show both the long-run 
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energy capital stock in steady state for a given subsidy policy. Clean energy 
subsidies now lead to a larger increase in output, labor productivity, and 
wages and a larger decline in the price of electricity.
the user cost becomes downward sloping with learning by doing, magnify-
ing the impact of either the ITC or PTC.

possible. In particular, if over some region the price of capital drops faster than the marginal 
product of electricity, multiple steady states will obtain.
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average construction cost of solar power over this period, along with sub-
stantial declines for wind generation. The construction cost for natural gas 
remained largely stable over this period.

 

due to a sharp fall in construction costs for utility scale solar and wind.
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These comparisons illustrate how macroeconomic conditions may have 
larger impacts on IRA investments than IRA investments have on macro-
economic conditions, at least for the magnitudes investigated here. There 
is considerable uncertainty about the persistence of these shocks and their 
magnitudes, which depend not only on domestic conditions but also on 
global factors. For instance, prices of materials—including specialty metals 
and bulk commodities—depend on global material production and demand, 
which are driven by the pace of decarbonization-related deployment and 
non-energy demand (International Energy Agency 2023; Wang and others 
2023).59

States, which connect domestic gas markets with global ones. This fuel market integration 

include higher natural gas price sensitivities, which could increase short-run coal generation 
(and associated emissions) but decrease fossil fuel consumption (and emissions) in the long 
run (Stock and Stuart 2021; Bistline and Young 2022).



-
bonization, encouraging deployment of clean energy technologies and 
lowering emissions. Economic tools will play important roles in the years 
to come in understanding potential macroeconomic and microeconomic 
implications of IRA incentives. This paper offers several initial perspec-
tives on what the IRA’s climate-related provisions could imply for energy 

data analysis, detailed energy systems modeling, and general equilibrium 
modeling of the economy.
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  I do not remember ever seeing a more sophisticated 

of institutional details. Which makes me even more guilty that my main 

makes four points.

-

climate analytics community. But the authors do not provide any bottom 
line estimates of the cost of the full legislation because they do not reestimate 
the other pieces outside the climate domain.

Brookings Papers on Economic Activity



-

set a year and a half before the legislation passed. Just shifting corporate 
revenues up proportionally to the higher baseline results in additional savings. 

2022–2026 2027–2031 2022–2031

  Administration

  Administration



-

Note these estimates include only the climate parts of the legislation. 

is reduced.
-

capital in the climate sector but raise the bar for it outside the climate 
sector.

-
-

-

changes in climate that result from this legislation—although those are 
likely to be small.





 The distributional impact of the IRA is considerably more 
important than the macroeconomic impact. The authors’ Federal Reserve 

could be considerably more important than the GDP effect.

 

almost no discussion—in contrast to the endless discussions about the dis

of those consumers are commercial and industrial users of electricity so it 



producers over time.

me and readjusted them to match the authors’ estimates of the total cost in 

 



these issues require much more attention—even relative to the macro
economic impact.

 The authors do not 



 

Percentage points

IRA Carbon tax

Wind and solar
Other

Abatement cost ($/t )



induced innovation.

is inelastic on every timescale and innovation is unresponsive to price. 

achieve almost any distributional goal.

the energy sector.

And the authors make a convincing case that it is considerably better than 

plausible social cost of carbon.

to sustained electricity price declines and distributional impacts—but it is 
still better than nothing.

-



spending from climate measures.

-



income thresholds that make high-income households (often the households 

-
ing these provisions.

-

remarkable innovations that have occurred over the past decade in electric 



over time.

 



-

from the legislation. Note that this perspective is not the same as a social 

this perspective for comparison purposes.



the variation here based on the discount rate.

-

situations.

-



more valuable hours.

but potentially at a high cost.

electricity system planners and policymakers. What it might mean is that 

accounts for this in its detailed electricity system modeling. But a key insight 
from this consideration of grid integration and reliability costs is that retail 

history—is going to be on the order of hundreds of billions of dollars over 



is likely to increase demand initially and then later raise the capital stock 

are nearly a rounding error in macroeconomic aggregates.

energy investment. With a higher interest rate environment—something 

investment.



-

of the advantage of carbon pricing is eroded.

-

-



-

be in a decade.

some striking effects on the electricity system. Wholesale electricity prices 

to substantial increased retirements in the absence of additional payments 



-

a subsidy.

vation is possible. But understanding this more deeply is certainly a topic 
for future research.

-

bundle are most likely to be cost-effective at reducing emissions.

-
house gas emissions.
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temperature.
Assessment of 
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Annual Energy Outlook 2023: Issues in 



-

possible is still important. Obstfeld also noted that one potentially positive 

-

-

of less carbon pollution for health and labor force participation in addition 

suggesting that the authors might include greater discussion of innovation 



despite being the second-largest carbon emitter and one of the richest 

-

learning by doing.

learning by doing.



remarked that in some instances abatement cost is the combined private 

these credits.

-



-

highlighting because of the international response to the legislation.

social cost of carbon numbers.  Wolfram also noted that it may not be an 



A Macroeconomic Framework

In this section, we lay out the macroeconomic framework used in Section 5 to analyze the qualitative

macroeconomic impacts of the clean energy tax credits. A neoclassical growth model is augmented

with electricity generation and clean energy capital.

A.1 Households

A representative household chooses a path for consumption and investment in clean energy power

generation. The capital stock is owned by the household and used to generate electricity that is

sold at price pet in each period. Electricity is consumed by both households and firms. Electricity

generation is captured by a generation function G (·) that is increasing in the clean power capital

stock. The representative household inelastically supplies a fixed level of labor N̄ that is paid wage

Wt by the representative firm. The household can purchase new clean energy capital at relative

price pct in each period, and invests in one-period government debt that pays interest rate rt−1.

There is no aggregate or idiosyncratic risk.

The household pays lump sum taxes Tt to the government in each period and receives both

a production and investment tax credit. The production tax credit is proportional to electricity

generated while the investment tax credit reduces the effective price of clean energy investment.

The household’s dynamic optimization problem is given below:

V (K0) = max
Ct,Eh

t ,B
g
t+1,K

c
t+1

∞∑
t=0

βtu
(
Ct, E

h
t

)
subject to Ct +

(
1− τ invt

)
pctI

c
t + petE

h
t +Bg

t+1 = (pet + τpt )Et + (1 + rt−1)B
g
t − Tt +WtN̄ (A1)

Kc
t+1 = Ict + (1− δc)Kc

t (A2)

Et = G (Kc
t ) (A3)

The optimal path for investment satisfies a dynamic condition where the marginal cost of

investing an additional unit of clean power equals the marginal benefit from additional power

generation. Household electricity demand is given by a static condition equating marginal utility

for electricity consumption and marginal cost.70

pct
(
1− τ invt

)
uc

(
Ct, E

h
t

)
= βuc

(
Ct+1, E

h
t+1

)
[
Gc
(
Kc
t+1

) (
pet+1 + τpt+1

)
+ pct+1

(
1− τ invt+1

)
(1− δc)

]
(A4)

uc

(
Ct, E

h
t

)
= βuc

(
Ct+1, E

h
t+1

)
(1 + rt) (A5)

ue

(
Ct, E

h
t

)
= pet (A6)

70Retail electricity prices for households typically also include charges for funds that pay for energy efficiency,

clean energy, and transmission/distribution. The modeling here ignores those considerations, and is probably closer

to price-setting in the wholesale market.
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A.2 Firms

Firms hire labor and purchase electricity to produce a consumption good and can transform con-

sumption goods to investment goods at 1/pct in each period. The production function is increasing

in both factors of production, features decreasing returns to each individual factor but has constant

returns to scale:

max Πt = Yt −WtNt − petE
f
t

Yt = F
(
Eft , Nt

)
(A7)

The firm’s optimal choice of electricity and labor imply standard factor demands:

Fe

(
Eft , Nt

)
= pet (A8)

Fn

(
Eft , Nt

)
= Wt (A9)

A.3 Government and Market Clearing

The government collects taxes from households to finance the investment and production tax credit

for power generation. For simplicity, we assume no government spending. The government can also

finance expenditures via debt issuance. The government’s flow budget constraint is given by:

τpt Et + τ invt pctI
c
t + (1 + rt−1)B

g
t = Tt +Bg

t+1 (A10)

Market clearing requires the price of electricity and the wage to clear each factor market:

Eft + Eht = Et (A11)

Nt = N̄ (A12)

An equilibrium is given by quantities {Nt, Yt, Ct, Et, E
f
t , E

h
t ,K

c
t+1, I

c
t , Tt}∞t=0 and prices {rt, pet ,Wt}∞t=0

that jointly satisfy equations A1-A12 given exogenous processes for clean energy tax credits τpt , τ
inv
t , Bg

t+1

and the relative price of clean energy investment pct .

A.4 Extension with Fossil Fuel Electricity

To consider the impact of carbon taxes, we modify the household’s problem by adding fossil fuel

capital as an additional source of electricity production. Fossil fuel capital Kf
t generates electricity

via an increasing generation function Gf (·) and electricity generated from fossil fuels is a perfect

substitute for electricity generated by clean energy. A carbon tax τ ft is levied on electricity produced

by fossil fuels with κ representing a technological constant for carbon emissions generated from a

given stock of fossil fuel capital.
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With fossil fuel capital, the representative household’s budget constraint, laws of motion for

capital, and electricity production are given below:

Ct +
(
1− τ invt

)
pctI

c
t + pft I

f
t +Bg

t+1 = petEt + τpt E
c
t − τ

f
t κE

f
t + (1 + rt−1)B

g
t − Tt +WtN̄ (A13)

Kc
t+1 = Ict + (1− δc)Kc

t (A14)

Kf
t+1 = Ift + (1− δf )Kf

t (A15)

Eft = Gf
(
Kf
t

)
(A16)

Ect = Gc (Kc
t ) (A17)

where δf is the depreciation rate for fossil fuel capital which may differ from the depreciation for

clean energy capital δc.

The optimal choice of fossil fuel capital by the representative household is given the following

Euler equation:

pft λt = βλt+1

[
Gf1

(
Kf
t+1

)(
pet+1 − τ

f
t+1κ

)
+ pft+1 (1− δf )

]
(A18)

(A19)

where λt = uc
(
Ct, E

h
t

)
is the marginal utility of consumption.

In this extension of the model, an equilibrium consists of the quantities and prices in the baseline

model along with allocations for Kf
t+1, I

f
t , E

f
t and exogenous sequences for the carbon tax τ ft and

the relative price of fossil fuel capital pft .

A.5 Externalities and the Planner’s Problem

To consider optimal fiscal policy, we make two changes to the baseline model extended with carbon

taxes and fossil fuel capital. We modify the representative household’s utility function to include

both damages from cumulative carbon emissions and a law of motion for cumulative emissions.

The planner’s problem is given below:

V (K0, Q0) = max
Ct,Kc

t+1,K
f
t+1

∞∑
t=0

βtu (Ct)−D (Qt)

Ct + pctI
c
t + pft I

f
t = F

(
Et, N̄

)
(A20)

Kc
t+1 = Ict + (1− δc)Kc

t (A21)

Kf
t+1 = Ift + (1− δf )Kf

t (A22)

Et = Eft + Ect = Gc (Kc
t ) +Gf

(
Kf
t

)
(A23)

Qt+1 = Qt + κEft (A24)

where Qt is the cumulative level of emissions and D (·) is a damages function that is increasing in

cumulative emissions and enters the planner’s utility function. The planner chooses clean energy

and fossil fuel investment subject to laws of motion for emissions and the respective capital stocks.
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The planner’s Euler equations under optimal policy are given below:

pct =
1

1 + rt

[
pet+1G

′
c

(
Kc
t+1

)
+ pct+1 (1− δc)

]
pft =

1

1 + rt

[
pet+1G

′
f

(
Kf
t+1

)
+ pft+1 (1− δf )

]
− µt+1κG

′
f

(
Kf
t+1

)
︸ ︷︷ ︸

time-varying carbon tax

where µt+1 is the multiplier that implicitly prices, in real dollar terms, the damages from cumulative

carbon emissions Qt. Relative to the competitive equilibrium, the planner’s choice for clean energy

capital is undistorted (i.e. no subsidy is required) but the optimal choice of fossil fuel capital

requires a time-varying carbon tax. Thus, optimal policy only requires a carbon tax.

A learning-by-doing externality is present if the relative price of clean energy capital is now a

decreasing function of the stock of installed capital: pct = p (Kc
t ). The planner’s resource constraint

becomes:

Ct + p (Kc
t ) I

c
t + pft I

f
t = F

(
Et, N̄

)
(A25)

The Euler equation for investment from the planner now differs from the private optimality

condition with an extra term that reflect the additional future benefit from lower cost of future

investment:

p (Kc
t )uc (Ct) = βuc (Ct+1)

[
pet+1Gc

(
Kc
t+1

)
+ p

(
Kc
t+1

)
(1− δc)− pc (Kt+1) I

c
t+1

]
(A26)

This higher level of investment can be achieved by an appropriately chosen time-varying subsidy.

B Event Study

To assess the impact on firm profits of the Inflation Reduction Act, we look at the response of

equity prices around key announcement dates. Table 5 shows the daily excess return for selected

clean energy equities. Specifically, we take the daily return (from open to close) relative to the S&P

500.71 The clean energy ETF return is an equal-weighted average of the following ETFs: ICLN,

TAN, PBW, FAN, and LIT. The fossil fuel ETF is an equal weighted average of PXE and IEO.

Selected clean energy stocks are an equal-weighted basket of TSLA, RIVN, FSLR, ALB, and NEE.

Selected fossil fuel stocks are CVX, DVN, BTU, and ARCH. In related work, Bauer, Offner and

Rudebusch (2023) examine the response of returns in fossil fuel and clean energy equities around

the Manchin/Schumer announcement dates in July of 2022 and investigate the implications for

pricing climate risk in financial markets.

The event study shows results that are broadly consistent with increased profits and higher

valuations as a result of the Inflation Reduction Act. Clean energy ETFs and stocks fell sharply

71For announcement days that fall on the weekend, the daily return is difference between the opening price and

previous close.
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Table 5: Equity price response around key announcement dates.

after Senator Manchin’s announcement that he would not support the Build Back Better Act passed

by the House in November of 2011. Fossil fuel stocks also fell on his announcement, but this may

reflect that Manchin’s announcement occurred over the weekend and Omicron cases were impacting

oil markets. Clean energy stocks did not respond strongly to the announcement of an agreement

between Manchin and Schumer on July 27, 2022, perhaps reflecting continued uncertainty about

the likelihood of Senate passage. However, on Senate passage of IRA, clean energy ETFs rose 1.6%

while fossil fuel ETFs and stocks fell slightly. On Senate passage, First Solar (FSLR) had a 6.9%

excess return relative to the overall market. The muted response of fossil fuel stocks suggests that

IRA had little in the way of negative impacts for oil and gas producers.

Overall, the event study suggests that the major stock responses were around Manchin’s BBB

announcement and Senate passage of IRA. These responses suggest that some increase in stock

valuation may reflect the prospect of increased profits from as a result of IRA.
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