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Does carbon pricing encourage dirty firms to invest in new capital?

» Carbon pricing is a potentially important policy tool.

> Nordhaus (1993); Aghion et al. (2016); Golosov et al. (2014); Rockstrém
et al. (2017).

» Extensive focus on carbon pricing and emissions.
> Martinsson et al. (2024) (Sweden); Colmer et al. (2024) (EU ETS);
Dechezleprétre et al. (2023) (EU ETS); Ahmadi et al. (2022) (British
Columbia).

» How do carbon prices affect firm investment decisions?
» The response in hard to abate sectors is particularly important
» where most of the pollution is located
P requires substantial capital investment to materially reduce pollution
> Evidence is mixed on investment more broadly (Colmer et al., 2024; Jacob
and Zerwer, 2024) but literature silent on capital spending in hard to abate
sectors.



This paper

» Carbon prices and firm-level investment in Sweden, 2000-2019

> Attractive setting
» Can directly relate firm-level investment to firm-specific cost of emissions.
» Can identify investments focused specifically on pollution abatement.
» Sharp increase in carbon prices after 2014 (phase out of manufacturing
exemptions).
P large capital investments not positive NPV unless carbon price is sufficiently high
(Bolton et al., 2023).



» Carbon pricing associated with significant investment response in
high-emitting firms:

» 10% increase in the (marginal) cost of emissions associated with 2%
increase in investment spending,

» No significant investment response in low-emitting firms,
> New capx is (green) abatement investment,
» No response until carbon price is “sufficiently” high and,

» Internal resources matter —larger investment response in firms with high
internal cash flow.



Data and samples

» Primary data sources

>
>
>

>
>

Annual capital investment survey 2000-2019 (Statistics Sweden).

Firm CO emissions (Swedish Environmental Protection Agency).
Abatement investment 2002-2019 (Environmental Protection Expenditure
Survey).

Investment in research and development (R&D) (Statistics Sweden).

Firm balance sheet and income statement information (Serrano dataset).

» Final samples

>

>
>

Main sample: intersection of capital investment, CO, emissions, and firm
fundamentals (9,839 firm-years).

Abatement investment sample (2,046 firm-years).

R&D sample (5,267 firm-years).



Capital investment in the Swedish manufacturing sector
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Capital investment in the Swedish manufacturing sector
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Aggregate patterns in emissions and investment

» Highest emitting industries (D10) account for 85-90% of CO, emissions
throughout the sample period

» Comparing 2000-2002 with 2017-2019

» D10 share of manufacturing output falls from 22.7% to 17.1%
» D10 share of investment increases from 24.4% to 31.9%
> Investment-to-cash flow in D10 increases from 32.1% to 51.9% (while

declining in rest of manufacturing)
Absolute change in manufacturing investment: +12 billion SEK

v

» D10 accounts for 57% of this increase (7 billion SEK)



Baseline empirical specification
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» Inv: Capx-to-sales (or R&D-to-sales) in year t
» C: marginal cost of emitting a unit of CO> in year t-s
» X: cash flow, total assets, long term debt, firm age and sales growth.

» Firm- and 4-digit industry-year fixed effects



Carbon pricing and operating margins

(1) (2) (3) (4) (5)
ALL D1-D4 D5-D8 D9-D10 D10
In(Ci) -0.003*** -0.001 -0.005***  -0.008**  -0.009**
(0.001) (0.001) (0.002) (0.003) (0.004)
Firm fixed effects Yes Yes Yes Yes Yes
Industry x Year effects Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes
Observations 6,234 2,690 2,453 1,083 642

Adjusted R? 0.456 0.575 0.486 0.171 0.219




Carbon pricing and firm level capital investment

(1) (2) (3) (4) (5) (6) (7)

In(Cie) 0.L11%¥¥*  0.046***  0.061***  0.050%*  0.080%**  0.087***  0.075%*
(0.013)  (0.016)  (0.022) (0.025) (0.029) (0.030) (0.035)

In(Cia1) 0.000 0.005 0.019
(0.029) (0.033) (0.038)

In(Ciz-2) 0.020 0.029
(0.028) (0.032)

In(Cie3) 0.007
(0.035)
Cash flow .1 0.488%F%  0.641%*¥%  1.336¥F*  1508%**

(0.165) (0.205) (0.371) (0.368)

In(Total assets;;.1) 0.018 0.021 -0.009 0.063
(0.043) (0.075) (0.073) (0.084)

Long term debt;..1 S0.762%%%  -0.800%**  -0.710%F*  -0.803***
(0.208) (0.218) (0.223) (0.495)

In(Ageie1) -0.736** -0.576 -0.497 -0.727
(0.352) (0.378) (0.393) (0.495)

Sales gwth; .1 -0.026 -0.050* -0.053 -0.155%**
(0.021) (0.027) (0.064) (0.059)

> In(0) 0.080%%  0.112%%*  0.130%*
(0.015) (0.006) (0.021)
Firm fixed effects No Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes No No No No No
Industry x Year effects No No Yes Yes Yes Yes Yes
Firm controls No No No Yes Yes Yes Yes
Observations 9,839 9,043 7,869 6,242 5,477 4,681 3,653
Adjusted R? 0.040 0.453 0.443 0.449 0.459 0.478 0.481
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Carbon pricing and firm level capital investment: By decile

)] (2) 3) ) (5) (6) (U] (8)
D1-D4 D1-D4 | D5-D8 D5-D8  D9-D10  D9-D10 D10 D10
In(Cix) 0.046 0.066 0018  -0.002  0.149%**  0.200%**  0.189*** |0.186%**
(0.036) (0.047) | (0.040) (0.058)  (0.056)  (0.065)  (0.056) | (0.070)
In(Ciz1) -0.004 0.034 0.066 0018
(0.056) (0.050) (0.082) (0.085)
In(Cir2) 0.026 -0.019 0.082%* 0.085**
(0.053) (0.067) (0.036) (0.034)
In(Cie3) -0.032 0.075 -0.043 -0.038
(0.058) (0.054) (0.069) (0.082)
Cash flow; .1 0.876***  3.166*** 0161  0.958**  0.259 0.959 -0.261 0694

(0.276) (0.603)  (0.257)  (0.463)  (0.320)  (0.843)  (0.498)  (0.863)

In(Total assets; 1) -0.015 -0.182 -0.007 0.295%* 0.120 -0.015 0.124 -0.003
(0.077) (0.165)  (0.055) (0.127)  (0.104)  (0.158)  (0.150)  (0.177)

Long term dbt; .1 SL100¥**  1294%*  0.529* 0264  -0.586 -0.946 -0.714 -0.896
(0.370) (0.521)  (0.274)  (0.264)  (0.603)  (0.591)  (0.601)  (0.692)

In(Ageit1) -1.737%%% -0.987 -0.083 -0.398 -0.623 -1.162 -1.228 -1.892
(0.556) (1.054)  (0397) (0.602)  (0.953)  (1.191)  (1.218)  (1.309)

Sales gwthi .1 -0.076**  -0.405%** 0028  -0.047  -0.047 -0.135 0.025 -0.155
(0.038) (0.125)  (0.033)  (0.048)  (0.039)  (0.122)  (0.066)  (0.117)

3™ in(c) 0.056 0.088 0.305%*% 0.251%*
(0.569) (0.252) (0.002) (0.023)
Firm fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Industry x Year effects Yes Yes Yes Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2,603 1,495 2457 1,401 1,084 757 643 481
Adjusted R? 0.419 0437 0474 0502 0.480 0548 0.486 0513

Summary statistics Quantification
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Carbon pricing and firm level abatement investment

(1) (2) (3) (4) (5)
Share
Abate Inv Abate Inv
In(Cit) 0.220%*  0.297%** 0.039 0.175 -0.121
(0.088) (0.101) (0.112) (0.107) (0.136)
In(C) x D10 0.578%** 0.550%**
(0.158) (0.179)
Firm fixed effects Yes Yes Yes Yes Yes
Industry x Year effects Yes Yes Yes Yes Yes
Firm controls No Yes Yes Yes Yes
Observations 1,239 1,025 1,025 815 815

Adjusted R? 0.369 0.375 0.389 0.260 0.272




Carbon pricing and R&D investment

(1) (2) (3) 4 (5) (6)
R&D Inv Abate R&D Inv
In(Cit) -0.033 0.034 -0.007 0.485** 0.496 -0.197
(0.049)  (0.048) (0.048) (0.237) (0.304) (0.271)
In(C) x D10 0.364%** 0.890**
(0.108) (0.478)
Firm fixed effects Yes Yes Yes Yes Yes Yes
Industry x Year effects Yes Yes Yes Yes Yes Yes
Firm controls No Yes Yes Yes Yes Yes
Observations 1,200 830 830 181 152 152

Adjusted R? 0.771 0.834 0.838 0.761 0.720 0.730




Event (diff-in-diff) tests

Invis = o+ w- D10 firm; + k - Post: + ¢(D10 firm; - Post,) + €i:.  (2)

Sample: 2010-2019
D10 firm equal 1 if firm is in a high-emitting industry
Post equal 1 if 2015-2019

Firm and year fixed effects

vvyyVvyyvyy

Additional diffs based on ex ante measures of access to internal cash flow
and debt



Carbon pricing and firm level capital investment: Event results

1) ) 3) ) (5) (6) ) (8) 9)
HFP: Cash flow HFP: Credit ratings
D10 Firm 0.005 0.008** 0.007
(0.003) (0.004) (0.005)
Post 0.003*** 0,001 0.003* 0.002 0002 0001
(0.001)  (0.001) (0.002)  (0.002) (0.002)  (0.002)
D10 Firm x Post 0.014%%%  0.014*** 0.005 0.004 0004 | 0013** 0012* |0.012*
(0.005)  (0.005) (0.006)  (0.006) | (0.005)| (0.005)  (0.006) |(0.006)
HFP 0.009%** 0.004**
(0.002) (0.002)
D10 Firm x HFP -0.002 0.000
(0.007) (0.006)
Post x HFP 20001 -0.002 | -0.002| 0003 0002 | 0002
(0.002)  (0.002) | (0.002)| (0.002) (0.002) |(0.002)
D10 Firm x Post x HFP 0018*  0021** [0.021**| 0000 0004 | 0.004
(0.010)  (0.010) | (0.010)| (0.011) (0.011) |[(0.011)
Firm fixed effects No Yes Yes No Yes Yes No Yes Yes
Year effects No No Yes No No Yes No No Yes
Observations 8,507 8,108 8,108 5,199 5,026 5,026 5199 502 5026
Adjusted R? 0.009 0.397 0.397 0.015 0.368 0368 0018 0367 0368
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Swedish carbon prices and social cost of carbon estimates
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Conclusion

» Sharp increase in carbon price in Sweden after 2014.

» A positive investment-to-carbon price elasticity in Swedish manufacturing
firms.

» Differentially stronger effects for firms in hard to abate sectors most
affected by higher carbon pricing.

» Significant increase in investments (Capx and R&D) focused specifically
on emissions abatement.



References

AGHION, P., A. DECHEZLEPRETRE, D. HEMOUS, R. MARTIN, AND J. VAN REENEN (2016): “Carbon taxes, path dependency, and
directed technical change: Evidence from the auto industry,” Journal of Political Economy, 124, 1-51.

AHMADI, Y., A. YAMAZAKI, AND P. KABORE (2022): “How do carbon taxes affect emissions? Plant-level evidence from manufacturing,”
Environmental and Resource Economics, 82, 285-325.

Borron, P., A. LamM, AND M. Mu0Ls (2023): “Do carbon prices affect stock prices?” Available at SSRN 4369925.

COLMER, J., R. MARTIN, M. MuULs, AND U. J. WAGNER (2024): “Does Pricing Carbon Mitigate Climate Change? Firm-Level Evidence
from the European Union Emissions Trading System,” Review of Economic Studies, rdae055.

DECHEZLEPRETRE, A., D. NACHTIGALL, AND F. VENMANS (2023): “The joint impact of the European Union Emissions Trading System
on carbon emissions and economic performance,” Journal of Envi al Ec ics and M. 118, 102758.

GoLosov, M., J. HASSLER, P. KRUS
82, 41-88.

, AND A. TSYVINSKI (2014): “Optimal taxes on fossil fuel in general equilibrium,” Econometrica,

JacoB, M. AND K. L. ZERWER (2024): “Emission taxes and capital investments: The role of tax incidence,” The Accounting Review,
1-32.

MARTINSSON, G., L. SAJTOS, P. STROMBERG, AND C. THOMANN (2024): “The effect of carbon pricing on firm emissions: Evidence
from the swedish co2 tax,” The Review of Financial Studies, 37, 1848-1886.

NorpHAUS, W. D. (1993): “Optimal greenhouse-gas reductions and tax policy in the “DICE" model,” The American Economic Review,
83, 313-317.

ROCKSTROM, J., O. GAFFNEY, J. ROGELJ, M. MEINSHAUSEN, N. NAKICENOVIC, AND H. J. SCHELLNHUBER (2017): “A roadmap for
rapid decarbonization,” Science, 355, 1269-1271.



Carbon tax rate and manufacturing exemptions

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Nominal C02 rate = = Manufacturing Rate



Carbon pricing in Sweden 2000-2019
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Decile 10 industries

NACE  Four digit industries Decile in 1990  Decile in 2000
1062 Starches and starch products 10 10
1081 Manufacture of sugar 10 10
1106 Manufacture of malt 10 10
1330 Finishing of textiles 10 10
1621  Veneer sheets and wood-based panels 10 8
1712 Manufacture of paper and paperboard 10 10
1920 Refined petroleum products 10 10
2013 Other inorganic basic chemicals 10 10
2016  Plastics in primary forms 10 10
2313 Manufacture of hollow glass 10 10
2320 Manufacture of refractory products 10 9
2351 Manufacture of cement 10 10
2352 Manufacture of lime and plaster 10 10
2362 Plaster products for construction purposes 10 10
2364 Manufacture of mortars 10 7
2309 Other non-metallic mineral products n.e.c 10 10
2410 Basic iron and steel and of ferro-alloys 10 10
1711 Manufacture of pulp 9 10
2014  Other organic basic chemicals 9 10
2341 Manuf of ceramic household articles 9 10
2370 Cutting, shaping and finishing of stone 7 10




Stats across deciles over time

D1-D4 D5-D8 D9-D10 D10
Panel A: Ratios 2000-2002

Share CO; 0.039 0.079 0.877 0.849
Share output 0.195 0.491 0.293 0.227
CO;, to output 0.002 0.001 0.023 0.029
Share Inv 0.127 0.568 0.284 0.244
Inv to sales 0.024 0.037 0.035 0.040
Cash flow to sales 0.067 0.095 0.113 0.124
Inv to cash flow 0.358 0.390 0.309 0.321
Panel B: Ratios 2017-2019
Share CO, 0.023 0.061 0.915 0.877
Share output 0.210 0.561 0.217 0.171
CO; to output 0.000 0.000 0.013 0.016
Share Inv 0.165 0.468 0.361 0.319
Inv to sales 0.023 0.025 0.045 0.050
Cash flow to sales 0.076 0.097 0.095 0.096
Inv to cash flow 0.308 0.253 0.477 0.519

Panel C: Change ratios

Share CO> -0.016 -0.018 0.038 0.029
Share output 0.014 0.071 -0.076 -0.056
CO, to output -0.001 -0.001 -0.010 -0.013
Share Inv 0.038 -0.101 0.077 0.075
Inv to sales -0.001 -0.013 0.010 0.010
Cash flow to sales 0.009 0.001 -0.019 -0.028

Inv to cash flow -0.050 -0.136 0.169 0.198




Stats across deciles over time: Levels

D1-D10 D1-D9 D10
Panel A: Levels 2000-2002

CO, 9,745 1,473 8,272
Output 1,253 969 285
INV 40 30 10
Cash flow 116 85 30
Panel B: Levels 2017-2019
CO, 5,392 661 4,731
Output 1,540 1,199 341
INV 52 35 17
Cash flow 174 142 32

Panel C: Change levels

CO; -4,354 -812 -3,641
Output 287 230 57
INV 12 5 7

Cash flow 59 57 1




Baseline regression: Some robustness

(1) (2) (3) (4) (5)
Inv Inv Uncons-
Inv Scaled TA  unscaled olidated
In(Ci: - Sales weighted) 0.065***
(0.023)
In(Ci+ - Fixed assets weighted) 0.072%**
(0.021)
In(Ci - Scaled by Total assets) 0.063**
(0.025)
In(Ciz) 0.050*
(0.029)
In(Ci - Unconsolidated) 0.044*%*
(0.017)
Firm fixed effects Yes Yes Yes Yes Yes
Industry x Year effects Yes Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes Yes
Observations 6,242 6,154 6,242 6,242 10,621

Adjusted R2 0.450 0.435 0.461 0.802 0.401




Summary Statistics

Mean Mean

OBS  Mean Median St Dev  (D10) (D1-D9) Difference
Inv 9,839  0.031 0.017 0.045 0.040 0.030 0.011%**
C 9,839  0.0011  0.0003  0.0021  0.0030 0.0008 0.0022%**
Abate Inv 2,046  0.002 0.001 0.005 0.005 0.002 0.004**
Non-abate Inv 2,046  0.031 0.020 0.040 0.044 0.027 0.017%**
Share Abate Inv 2,046  0.127 0.030 0.283 0.186 0.112 0.074%**
R&D Inv 5,267  0.010 0.000 0.027 0.006 0.011 -0.005%**
Abate R&D Inv (x 10) 2,046  0.0004  0.0000  0.0014  0.0009 0.0002 0.0007***
EBIT 9,839 0.044 0.044 0.110 0.045 0.044 0.001
Cash flow 9,185 0.122 0.097 0.195 0.111 0.123 -0.012
Total assets (BSEK) 9,839  3.469 0.237 18.800 9.495 2.781 6.714%**
Long term debt 9,839  0.144 0.061 0.200 0.113 0.148 -0.035%**
Firm age 9,839 57 53 33 70 55 143K

Sales gwth 9,099 0.131 0.022 0.755 0.084 0.137 -0.053**




Quantification of estimation results

(1) (2) 3) ) (5) (6)
Percent change in Predicted percent  Predicted change to
marginal cost change actual change
2000-2010  2011-2019 D10 D1-D9 D10 D1-D9
Actual marginal cost for average sample firm 8% 239% 45% 9% 2% 41%
Marginal cost had all firms faced Swedish carbon tax 4% 250% 47% 9% 5% 43%
Marginal cost had all firms faced carbon price as EU ETS firms 56% 120% 23% 4% 36% 21%




Recent example

SSAB continues the
transformation with a fossil-free
mini-mill in Lulea, Sweden

D Luled, Strategy, Fossil-free steel © April 02,2024 7:30 CEST
SSAB's Board of Directors have today taken the decision to proceed with
the next step in SSABS transition, building a state-of-the-art fossil-free mini-
mill in Lulea, Sweden. When completed SSAB will close the current blast
furnace-based production system. This will reduce Sweden’s CO2
emissions with 7% in addition to the 3% from the Oxeldsund mill

The new Luled mill will have a capacity of 2.5 mton/year and consist of two electric arc furnaces,
advanced y metallurgy, a direct pr , and
a cold rolling complex to serve the broader offering of d

The new mill will be supplied with a mix of fossil free sponge iron from the Hybrit demonstration
plantin Gallivare and recycled scrap.

“The transformation of Luled is a major step on our journey to fossikfree steel production. We will
remove 7% of Swed b and
safeguard jobs with the most cost-effective and sustainable strip production in Europe says
SSAB's President and CEO Martin Lindqvist

he ot minkmilvestment s estimatd 1 EUR 4 bilon incuding contigencie. B nvesting
es, h required
‘equipment of EUR 2 billion during the next 10 years. The plan is to fund the I

cash flows and within SSAB's inancial targets.

The investment willresult in significant value creation. Compared to the current system the yearly

EBITDA improvement s estimated to be more than SEK 5 billion/year at current commodity

forecasts. The new mini-mill will have a better cost position with lower fixed costs, higher efficiency,

shorter lead times and eliminated CO, costs. The mill design includes a production increase of 0.5
t mix 1 of special and premium steel grades.

Startup of the new millis planned at the end of 2028 with full capacity one year later. Environmental
et aa xpactdat th e of 2024, T kvetmar s anrporantsep 1 SSAE' sirtogy o

bl premium steels. To date SSAB has entered
55 partnerships with leading customers for our fossilfree and zero steels.
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Event results:

robustness

O] @ 3 @ 5) ) (] ®) Q) (10) (11) 12) (13)
Collapsed  Firm-years with emissions data HFP: Cash flow HFP: Long term dbt
D10 Firm 0.004 0.000%* 0.011%* 0.001 0.009
(0.004)  (0.004) (0.005) (0.004) (0.005)
Post 0000 0.004***  0.002 0.004** 0,002 0003 0001 0002 0002
(0.001)  (0.001)  (0.001) (0.002)  (0.002) (0.002)  (0.002) (0.002)  (0.001)
D10 Firm x Post 0011%  0.014***  0.015¥**  0.015%**  0.008 0009 0009 0003 0003 0003  0.0I7**  0.019%*  0.019%*
(0005) (0005  (0.005)  (0.005)  (0.008)  (0.007)  (0.007)  (0.005)  (0.004)  (0.004)  (0.008)  (0.008)  (0.004)
HFP 0.008%** 0.000 0.001
(0.002) (0.002) (0.002)
D10 Firm x HFP 0.000 0.011%* -0.004
(0.007) (0.006) (0.007)
Post x HFP 0000  -0002  -0002 0001 0002 0002 0002  -0001  -0.001
(0.003)  (0.003) (0.003) (0.002) (0.002) (0.002)  (0.002)  (0.002)  (0.002)
D10 Firm x Post x HFP 0021%*  0.025**  0.025**  0.020%* 002%* 002** 0000 0011  -0.011
(0.009)  (0010) (0.010) (0.010) (0.010) (0.010)  (0.010) (0.010)  (0.010)
HGP 0.005%**
(0.002)
D10 Firm x HGP -0.008
(0.007)
Post x HGP -0.002 0000 0.000
(0.003)  (0.003)  (0.003)
D10 Firm x Post x HGP 0009 0013  -0013
(0.009)  (0.010)  (0.010)
Firm fixed effects No No Yes Yes No Yes Yes No Yes Yes No Yes Yes
Year effects No No No Yes No No Yes No No Yes No No Yes
Observations 2144 5,504 5,006 5,096 5199 5026 5026 5199 5026 5026 519 5026 5,026
Adjusted R? 0.007 0.019 0.445 0.445 0035 0369 0370 002 0370 0371 0015 0368 0368
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