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COVID-19 recovery funds dwarf
clean energy investment needs

A modest fraction of current global stimulus funds can
put the world on track to achieve Paris Agreement goals

By Marina Andrijevic'?, Carl-Friedrich
Schleussner'?, Matthew J. Gidden'3,
David L. McCollum*5, Joeri Rogelj*¢

overnments around the globe are re-

sponding to the coronavirus disease

2019 (COVID-19)-related economic

crisis with unprecedented economic

recovery packages (I), which at the

time of writing surpassed USD 12
trillion. Several influential voices, including
the United Nations (UN) secretary-general,
heads of state, companies, investors, and
central banks, have called for post-COVID-19
economic recovery efforts to be used to cata-
lyze the necessary longer-term transforma-
tion toward a more sustainable and resilient
society. Here we shine a light on the opportu-
nity for these investments to support a green
recovery by inventorying and classifying the
latest information on governments’ fiscal
stimulus plans (7) and comparing the size of
these measures to estimates of low-carbon
energy investment needs compatible with the
2015 UN Paris Agreement. We show that low-
carbon investments to put the world on an
ambitious track toward net zero carbon di-
oxide emissions by mid-century are dwarfed
by currently announced COVID-19 stimulus
funds. But marked differences across coun-
tries and regions at differing stages of de-
velopment emphasize the role that interna-
tional support and global partnership must
play to create conditions that enable a global
climate-positive recovery.

Current climate commitments by coun-
tries for the next decade remain woefully
inadequate to meet the climate goals spelled
out in the Paris Agreement (2). Decisive ac-
tion in the coming decade would be needed
to set the emissions of the most important
greenhouse gas—carbon dioxide—on a path
to net zero by mid-century (3) while ensur-
ing that livelihoods of billions of people in
developing countries continue to improve.
The record decline in global greenhouse gas
emissions in the first half of 2020 due to the
COVID-19-related economic disruption will
almost certainly rebound when economic
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activity picks up again and could ultimately
have a negligible impact on global warming
over the longer term—unless COVID-19 re-
covery also induces a longer-term structural
change in the economy (4).

STIMULUS PACKAGES TO DATE
Governments have announced a variety of
policy responses aimed at alleviating the
consequences of the COVID-19 crisis (7). We
focus on economic stimulus tools deployed
explicitly through countries’ fiscal systems,
taking stock of the packages for 149 coun-
tries [see table S1 in the supplementary
materials (SM)]. As of end of August 2020,
our tracking framework showed aggregate
fiscal stimuli amounting to USD 12.2 tril-
lion, 80% of which comes from countries in
the Organization for Economic Cooperation
and Development (see the figure and fig.
S1). The U.S. stimulus is the largest single
package to date, constituting a quarter of
all global commitments, although the Euro-
pean Union (EU) as a bloc accounts for even
more (combining measures by national gov-
ernments and the European Commission).

Our disaggregation of the packages for
this analysis follows the approach of the
International Monetary Fund (IMF), whose
COVID-19 Policy Tracker is the source for
our stimulus data (I). Stimulus packages
are divided into two categories: “above-the-
line” measures and liquidity support. The
former includes additional spending and
forgone or deferred revenue, whereas the
latter includes instruments such as loans,
guarantees, and equity injections. About
70% of stimulus can be classified as “above-
the-line” measures, with 7% targeted for the
health sector and 63% for other sectors. The
remaining 30% is for liquidity support.

The level of specification of countries’
stimulus packages varies widely, limiting
understanding of the explicit targets gov-
ernments will aim to achieve with their
plans. Although several governments have
announced their intentions to earmark por-
tions of their packages for a “green recovery,’
the exact details remain largely unclear, and
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most governments have not yet signaled how
they intend to spend their money. This uncer-
tainty notwithstanding, the massive influx of
support will be consequential in shaping the
postpandemic global economy.

We demonstrate the potential impact
that current stimulus could have for a
low-carbon energy system transformation.
Although such a transformation requires
a wide array of policy measures to come to
fruition, the spending and liquidity support
being put forward can be a powerful cata-
lyst for a climate-positive recovery.

INVESTMENT CONSISTENT WITH 1.5°C
Quantitative modeling studies of pathways
compatible with the Paris Agreement agree
that a low-carbon transformation is predi-
cated on decarbonizing the production and
use of energy (3, 5, 6), responsible for about
two-thirds of economy-wide greenhouse gas
emissions. To meet the Paris goals, energy
supply would need to fully decarbonize by
mid-century, if not before (3, 5, 6). Aggregate
stimulus estimates (I), green recovery sce-
narios (7), or suggestions for green recovery
policy packages (8) have been published,
among a plethora of analyses related to the
pandemic. We compare the magnitude of
COVID-19 recovery stimulus to the levels of
energy system investment required for put-
ting the world on a path toward achieving
the goals of the Paris Agreement (5), based
on the average estimate across six energy-
economy models that were included in the
recent Special Report on Global Warming
of 1.5°C by the Intergovernmental Panel on
Climate Change (IPCC) (3). Although indi-
vidual model estimates can differ by up to
+50%, the conclusions deriving from our
analysis are nevertheless robust. Invest-
ments here refer to capital expenses for re-
source extraction, their conversion, power
generation, transmission, and storage, to-
gether with efficiency improvements that
reduce energy use in buildings, transport,
and industry (see SM for details).

The crucial insight emerging from this
comparison (see the figure) is the following:
Low-carbon investments over the next several
years to put the world on track toward net
zero carbon dioxide emissions by mid-century
are dwarfed by COVID-19 stimulus. Though
impressive, a closer look at the numbers
points to opportunities as well as challenges.
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Average annual low-carbon energy and
end-use energy efficiency investment needs
under a Paris-compatible pathway have been
estimated at about USD 1.4 trillion per year
globally over the near term between 2020
and 2024 (3, 5). This yearly estimate of low-
carbon energy investments amounts to some
10% of the total pledged COVID-19 stimulus
to date (see the figure and figs. S3 and S4),
or about half of stimulus when investments
are cumulated over the 5-year 2020-2024
period. Given that stimulus is expected to
be spent over the course of a few fiscal years
only and governments have traditionally

tilting toward a rather weak, pre-COVID cli-
mate policy environment worldwide (3, 5).
The additional investment needed to shift
low-carbon energy investment onto a Paris-
compatible pathway thus amounts to about
USD 300 billion per year globally over the
coming 5 years (see the figure and figs. S5 to
S7), less than 3% of total pledged stimulus to
date or 12% when considered over the entire
2020-2024: period. Simply put, if even a frac-
tion of current government stimulus would
be directed in a responsible manner toward
a green recovery, the marginal benefits for a
low-carbon future could be considerable.

Economic stimulus and energy investments

globally. This represents a mere 0.2% of the
total announced stimulus to date (compare
figs. S5 and S1), or 1% over the 2020-2024
period. These numbers highlight that a cli-
mate-positive COVID-19 recovery relies as
much on supporting green investments as it
does on avoiding lock-in in polluting ones.
Of course, not all stimulus should be ex-
pected to go into the energy transition. Our
analysis indicates that, understandably, a sub-
stantial number of shares of “above-the-line”
measures are earmarked for other sectors,
such as health and financial relief for individ-
uals and households. Moreover, governments
are typically responsible for only a
limited share of investment in low-
carbon energy across the world (10).

Liquidity support includes loans, guarantees, and quasi-fiscal operations. General spending reflects measures aimed
at non-health sectors of the economy and which include supporting individuals, households, and businesses, as well as
forgone and deferred revenue. Energy investments are representative of average annual energy system investments
over the near term (2020-2024) in a low-carbon pathway consistent with achieving the UN Paris Agreement. Annual

What governments can do, though, is
mobilize private investment by chan-
neling stimulus into dedicated public
financing mechanisms. For example,

investment shifts represent the difference in fossil fuel and low-carbon investments between current policies and a low-
carbon pathway consistent with the Paris Agreement. In the absence of specific sectoral allocations, announced stimulus
is classified as General spending, e.g., for China. Data and additional figures are available in the supplementary materials.

Coronavirus disease 2019 (COVID-19) stimulus: @ Liquidity support

Energy investments: @ Fossil fuels Low carbon
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liquidity measures for development
banks can help them to proactively
support low-carbon investments, par-
ticularly in developing countries, and
through that reduce perceived risks
faced by private investors (11).

Today’s exceptional circumstances
could also give rise to low-carbon en-
ergy and efficiency investment needs
or opportunities that exceed those
estimated by earlier studies. For ex-
ample, today’s historically low inter-
est rates support the competitiveness
of green technologies. Moreover, the
investment estimates relied upon
here derive from welfare-optimizing
scenarios using neoclassical economic
theory that assess substantial, yet sus-
tained and gradual changes in invest-
ment patterns over the long term in
an otherwise stable socioeconomic
context (5). These assumptions are
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played a minority role in energy investment
globally, the potential for the current tranche
of public funding to support a green recovery
over the next years is thus enormous.

The comparison between stimulus fund-
ing and low-carbon energy investment needs
becomes sharper when concentrating spe-
cifically on those investments above and
beyond a non-Paris-compatible trajectory,
like the one society has been on up to now.
About USD 1.1 trillion per year of low-carbon
energy investment has been estimated for
such a non-Paris path, together with an ac-
companying USD 1.1 trillion in fossil fuels.
These amounts would ensure sufficient in-
frastructure and technology deployment for
global energy demand to be met, yet still
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Despite the order-of-magnitude difference
in these numbers, there is an important ad-
ditional part to this story: Increases in low-
carbon investments have to be accompanied
by divestments from high-carbon fossil fuels
in the range of USD 280 billion per year over
the same near-term period. These divest-
ments are distinct from the possible removal
of fossil-fuel subsidies, which also range in
the hundreds of billions of USD but mainly
target consumption instead of production of
fossil fuels (9). Subtracting divestments from
investments indicates that the overall in-
crease innetannual investments toachieve an
ambitious low-carbon transformation in the
energy sector are notably small (see fig. S3):
about 20 additional billion USD per year
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in stark contrast with today’s real-
30 jty. Nonequilibrium economic theory
might be more adequate in a crisis
context and may suggest that sub-
stantially increasing green investments be-
yond the estimates provided here could offer
further benefits for growth (12).

NATIONAL AND REGIONAL DIFFERENCES

Beyond the global situation, we find that
when looking more regionally, total stimu-
lus in all cases exceeds annual low-carbon
energy investment needs for an ambitious
Paris-compatible pathway (see figs. S8 and
S9; here we look at macro regions as de-
fined in table S2 and which are often used
in energy-economy modeling). However,
clear differences exist between regions and
countries. The EU and United States have
issued the largest stimulus packages glob-
ally, both in absolute terms and relative to
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the size of their economies. Total stimulus
exceeds average annual low-carbon energy
investment needs by a factor of 20 in the
United States and by over 30 in the EU (see
the figure and fig. S2). Even when consid-
ering the entire 2020-2024 period, total
stimulus remains several times larger than
low-carbon energy investment needs.

Developing economies are in a different
situation. So far, the combined stimulus
available to low- and lower-middle income
countries amounts to only a tiny fraction
(less than 4%) of total global stimulus and
even including upper-middle income econo-
mies raises this share to 14% only. These
numbers exclude potential international
support, which to date remains negligibly
small compared to the pledged domestic
COVID-19 stimulus. This discrepancy will
not only affect developing countries’ ability
to recover from the COVID-19 crisis but also
the world’s collective ability to achieve the
Paris Agreement climate goals.

Despite recovery packages in developing
countries being smaller than in developed
countries [both in absolute terms and as a
share of gross domestic product (GDP)], an-
nual low-carbon energy investment needs
are generally larger in these rapidly growing
economies in a relative sense (see the figure
and fig. S8). For example, India’s total annual
low-carbon energy investment needs relative
to its GDP are about four times higher than
those of the EU, and the country’s stimulus
package relative to its GDP is about a quarter
the size of the EU’s.

Institutionalizing international support
within intergovernmental systems such
as the Green Climate Fund of the United
Nations Framework Convention on Climate
Change or multilateral development banks
could help to solidify the partnerships needed
to enable a global climate-positive recovery.
Furthermore, targeted financial instruments,
like blended finance, have also been sug-
gested as a means to increase low-carbon
investment flows to developing countries (11,
13). Blended finance uses government, mul-
tilateral, or philanthropic money to lower
the risk for private investors and therewith
mobilize additional private investments in
developing countries. International support
of only a small fraction of current COVID-19
stimulus could thus already provide a lever to
catalyze a low-carbon transformation in this
first half of the decade.

As developing countries are struggling
with the economic fallout of the COVID-19
crisis, mobilizing additional domestic re-
sources might seem challenging, both finan-
cially and politically. To this end, a range of
measures with both near-term economic ben-
efits and long-term climate-positive potential
can prove effective (8).
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ECONOMY-WIDE BENEFITS

In the context of a postcrisis recovery, gov-
ernments will be looking for stimulus mea-
sures that can boost employment, scale
rapidly, and increase societies’ resilience
to future shocks. Targeting a green trans-
formation of the energy system as the pro-
verbial engine of the economy can provide
such ancillary benefits. Investment in clean
energy has been identified as a driver of em-
ployment (7, 14); it can also spur innovation
and diffusion of technologies across bor-
ders—an essential catalyst for low-carbon
transformations of economies worldwide
(15). Renewable energy investments have
demonstrated a large potential for job cre-
ation and often offer a more desirable risk
profile for investors (74). Technologies like
solar photovoltaics and wind turbines are of
a small, modular size that allows for a more
rapid upscaling of production and much
shorter project lead times.

At the same time, achieving a low-carbon
transformation involves more than just
investments in low-carbon energy. It re-
quires a broad range of reinforcing policy

“..a climate-positive
COVID-19 recovery relies as
much on supporting
green investments as it
does on avoiding lock-in in

polluting ones.”

measures, including taxation and subsidy
reform, research and innovation, profes-
sional training, and education. It will also
require a variety of financial instruments,
from direct infrastructural investments and
capital spending to liquidity support and
loan guarantees for private sector invest-
ments. In the post-COVID-19 context, this
means that beyond the fiscal injections that
governments can supply, recovery packages
should encompass incentives, policies, taxes
or rebates, mandates, and other supportive
regulations that facilitate the achievement
of long-term climate goals.

By serving as a clear signal to investors,
green recovery packages also reduce the
likelihood of stranded assets. By contrast,
polluting recovery packages that include
unconditional oil and gas company bail-
outs may serve to increase the number
of assets that will someday be stranded.
Unless governments embed their stimulus
support in a coherent long-term vision—for
example, by combining support to pollut-
ing sectors with a reorientation program
for their workforce—the risk for additional

Published by AAAS

disruption and accompanying economic
hardship in the medium term will remain
high. All of these attributes make holistic
green policies attractive in the context of a
postcrisis recovery, and given the many an-
cillary society-wide benefits, governments
may even choose to adopt green recovery
targets beyond those presented here.

In sum, a small fraction of announced
COVID-19 economic recovery packages
could provide the necessary financial
basis for a decided shift toward a Paris
Agreement-compatible future. The dual
crises of COVID-19 and climate change are
global problems requiring bold govern-
ment action, international cooperation,
and sustainable and inclusive solutions.
Though challenging politically, our find-
ings show that these solutions are well
within budget.

REFERENCES AND NOTES

1. IMF, Policy Responses to COVID-19 - Policy
Tracker. International Monetary Fund (2020);
www.imf.org/en/Topics/imf-and-covidl9/
Policy-Responses-to-COVID-19.

. N.Hohneetal.,Nature 579, 25 (2020).

. J.Rogeljetal.,in Global Warming of 1.5 °C.An IPCC
special report on the impacts of global warming of 1.5 °C
above preindustrial levels and related global greenhouse
gas emission pathways, in the context of strengthening
the global response to the threat of climate change, sus-
tainable development, and efforts to eradicate poverty,
G.Flatoetal., Eds. (IPCC/WMO, Geneva, Switzerland,
2018; www.ipcc.ch/report/sr15/), pp. 93-174.

. P.Forsteretal.,Nat. Clim. Chang.10,913 (2020).

. D.L.McCollumetal., Nat. Energy 3,589 (2018).

. L.Clarkeetal.,in Climate Change 2014: Mitigation of

Climate Change. Contribution of Working Group Il to the

Fifth Assessment Report of the Intergovernmental Panel

on Climate Change, O. Edenhofer et al., Eds. (Cambridge

Univ. Press, 2014), pp. 413-510.

IEA,"“Sustainable Recovery” (International Energy

Agency, Paris, France, 2020); www.iea.org/reports/

sustainable-recovery.

8. C.Hepburn,B.0'Callaghan, N. Stern, J. Stiglitz, D.
Zenghelis, Oxf. Rev. Econ. Policy 36 (suppl.1),S359
(2020).

9. J.Jewelletal.,Nature 554,229 (2018).

10. IRENA, CPI, “Global Landscape of Renewable Energy
Finance” (International Renewable Energy Agency, Abu
Dhabi, 2018), p.44.

11. B.Steffen, T.S.Schmidt, Nat. Energy 4,75 (2019).

12. H.Pollitt, J.-F. Mercure, Clim. Policy 18,184 (2018).

13. B.Tonkonogy, J. Brown, V. Micale, X. Wang, A. Clark,
“Blended Finance in Clean Energy: Experiences and
Opportunities” (Climate Policy Initiative, 2018), p. 38.

14. C.Wilsonetal., Science 368,36 (2020).

15. D.Acemogluetal., Am. Econ. Rev.108,3450 (2018).

16. M.Andrijevicetal., Climate-analytics/covid_recovery:
Dataand analysis scripts, Zenodo (2020); https://doi.
org/10.5281/zenodo0.4058546.

w o

(o2 e IF

~

ACKNOWLEDGMENTS

We thank E. Campiglio and J. Tanaka for their feedback on
international financial support mechanisms, and acknowl-
edge the contributions of J. Kim, B. Yesil,and K. Lee ,who
provided excellent research assistance for the curation of the
data.M.A.and C.F.S. acknowledge support by the German
Federal Ministry of Education and Research (01LS1905A). The
views expressed in this paper are those of the authors and do
not necessarily reflect those of their institutions. All data and
codes are available at Zenodo (16).

SUPPLEMENTARY MATERIALS
science.sciencemag.org/content/370/6514/298/suppl/DCL

10.1126/science.abc9697

sciencemag.org SCIENCE

0202 ‘9z 1990100 uo /610'ﬁewaouagosaouapsu:duu wolj papeojumoq


http://science.sciencemag.org/

Science

COVID-19 recovery funds dwarf clean energy investment needs
Marina Andrijevic, Carl-Friedrich Schleussner, Matthew J. Gidden, David L. McCollum and Joeri Rogelj

Science 370 (6514), 298-300.
DOI: 10.1126/science.abc9697

ARTICLE TOOLS http://science.sciencemag.org/content/370/6514/298
I\S/ILA?'EII_:ZIIEAALESNTARY http://science.sciencemag.org/content/suppl/2020/10/14/370.6514.298.DC1
REFERENCES This article cites 9 articles, 1 of which you can access for free

http://science.sciencemag.org/content/370/6514/298#BIBL

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. The title Science is a registered trademark of AAAS.

Copyright © 2020, American Association for the Advancement of Science

0202 ‘92 1300190 U0 /610" Bewasuslos aaualos//:ony wolj papeojumod


http://science.sciencemag.org/content/370/6514/298
http://science.sciencemag.org/content/suppl/2020/10/14/370.6514.298.DC1
http://science.sciencemag.org/content/370/6514/298#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

