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HAS THE WORLD REACHED PEAK CARBON EMISSIONS?

Depending on how nations manage their COVID-19
stimulus plans, the answer may well be “yes.”

The thought-experiment itself is revolutionary given

that up until a few months ago all we could see were

a few states and countries making progress with the
backdrop of a world still exponentially increasing in
greenhouse gas pollution. COVID-19, of course, opens
the opportunity to not only take advantage of the drop
in emissions, but to #BuildBackBetter, namely with
renewable energy and not fossil-fuel infrastructure.

While the dialog around a Green Deal in Europe and
Green New Deal in the U.S. is cause for optimism, the
actual trends we are seeing of national emissions rapidly
rising back to pre-COVID-19 levels is dispiriting (Zheng
et al. 2020).

Answering this question is not simply a case of exploring
the famous “Hubbard Curve” of increasing fossil fuel
resource consumption, and then an eventual, smooth
bell-curve (Gaussian) decline (Figure 1a) driven by
resource scarcity (no), environmental sensibility (some,
but not enough), or superior replacements becoming
available at competitive cost (yes).

There is tremendous explanatory power in understanding
the interplay between the rising demand and increasing
effort to access a resource (be it whale oil, sardines, tuna,
timber, appetite to watch American football, or in this case
fossil fuels), which is then followed by a point of peak
demand, and then decline in the use of that resource.

We have seen important scholarship and both
theoretical and practical advances from the use of
this theory not just for oil, as M. King Hubbard posited
(Hubbard 1962; Deffeyes 2001), and some of the
important generalizations to peak coal, gas, and even
the capacity to watch American football (Carter 2019).

However, as we can see, strange things can happen in
the evolution of what was once thought to be a normal,
or Gaussian distribution (Figure 1b). In the case of
Hubbard's Peak, greatly expanded effort to identify and
extract increasingly unconventional oil from more and
more extreme environments (including arctic oil, deep
undersea resources, and tar sands) can change the
production curve dramatically (Figure 1b).

In fact the current U.S. Hubbard curve for oil now
reminds us most strongly—sadly—of the “peak
COVID-19" situation that disastrous policy missteps
and failures to act have generated states such as Florida
where the active measures—social distancing and mask
wearing—were relaxed (Figure 1c).
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FIGURE 1: RISING DEMAND AND INCREASING EFFORT OF A RESOURCE, LEADING TO A DECLINE IN THE USE OF THAT RESOURCE

(a) A bell-shaped global oil production curve, as theorized by M. King Hubbert in 1956, in the lower 48 states
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(c) History of coronavirus cases in Florida, from March to June 16, 2020
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Source: Johns Hopkins University Coronavirus Resource Center, (WKMG 2020)

Figure 1: (a) A bell-shaped production curve, as theorized by M. King Hubbert in 1956. After the first OPEC oil embargo in 1974, Hubbert
projected that global oil production would peak in 1995. Specifically, he said, “The end of the oil age is in sight if present trends continue” (Grove
1974). Things have not progressed in the U.S. as M. King Hubbard had projected. While conventional oil from the lower 48 states has generally
followed Hubbard's forecast, demand growth, investment and massive subsidies for oil and other fossil fuels created a very different scenario
where not only discoveries, but also successful efforts to extract oil from unconventional deposits (sand, tar and rock) have greatly expanded

the production and diverted the path from a simple Gaussian. Instead, the second peak (b) green production line, shows the impact of demand
and added investment and effort. There is more than one way to bust a peak. Instead of through additional “effort,” it can also come from lack

of effort. Mixing different issues and dynamics, the graph (c) shows the rebound in COVID-19 cases that resulted from the opposite of effort: a
rebound in cases when mask-wearing and social distancing was relaxed. These data, from the Johns Hopkins University Coronavirus Resource
Center, show the history of coronavirus cases in one state, Florida, from March to June 16 (WKMG 2020).
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A more complete assessment of the question “have

we reached peak carbon emissions?” requires a bit of
additional back-story, but the answer is “quite possibly,
yes.” In the fossil fuel case, more ominously, as seen in
Figure 1(b), technology plays a role, but most critical is
the role of political and financial forces. Here demand
and subsidies for fossil fuels have extended the reign

of fossil fuels. The resulting cost comes in many forms,
notably of pollution, loss of jobs, and a lack of social and
racial justice.

Decades ago this question was of serious interest
only to a small community of sustainability scholars,
championed by a number of truly notable pieces of
work, including such path-breaking studies as Energy
Strategy: The Road Not Taken by Amory Lovins (1976)
and The Art of Energy Efficiency by Art Rosenfeld
(1999). To honor these achievements, Jon Koomey
organized a collection of first and second generation
energy-efficiency scholars to quantify and name a
new unit of energy-efficiency based avoided coal fired
emissions: a Rosenfeld (Koomey et al. 2009). | had
the pleasure of both participating in this project as an
author and seeing the launch of Environmental Research
Letters, an open access journal for which I've served
as editor-in-chief since its founding fifteen years ago.
Fittingly, the Rosenfeld is defined as the electricity
savings of 3 billion kilowatt-hours per year, the amount
needed to replace the annual generation of a typical
500-megawatt coal-fired power plant.

As both energy efficiency and renewable energy
technologies matured and costs declined, more and
more integrative pictures became possible to examine
the extent of the present and then future substitution
potential of renewable energy and energy efficiency

for fossil fuels (see e.g. Duke and Kammen 1999;
Azevedo et al. 2013). Today a wide range of tools and
models exist to examine both the energy efficiency and
renewable energy potential at the household, city, state,
national, and regional levels.

One such national U.S. database produced by the
American Council for an Energy-Efficient Economy
(ACEEE) details the state-by-state energy efficiency
standards and levels of implementation (https:/
database.aceee.org/state/energy-efficiency-resource-

standards), while another, the DSIRE data base (https://
www.dsireusa.org) tracks the incentives and barriers

to renewable energy and energy efficiency. These

and many other researchers and resources track the
dramatic decline in costs of renewable energy and
energy efficiency relative to fossil fuel costs.

Progress has been so dramatic that the least cost new
energy technology across much of the United States is
now solar and wind power. Solar energy projects have
fallen in cost by close to 90% over the past decade, and
wind by 70% (Marcacci 2020, and Figure 2). Energy
storage is now innovating and falling in cost as fast

as solar and wind energy ever have (Kittner, Lill, and
Kammen 2017).

These cost trends have been transformative both in

the U. S. and globally. Recent solar projects in Mexico,
Dubai, India, and China have all reported solar projects
with previously unheard of and for even most experts,
unimaginably low clean energy costs of under 1 cent per
kWh. This has driven a clean energy construction boom
that is resetting the energy landscape.

The declines in solar and wind energy costs, and now
storage costs too, are so dramatic that the California
Public Utilities Commission (CPUC) has made a

major change in the way the benefits of behind-the-
meter resources will be calculated. The CPUC now
calculates the avoided generation capacity cost based
on the Net Cost of New Entry (CONE) of a new battery
storage resource instead of a gas combustion turbine.
Essentially, California has moved from using the price
of a kilowatt-hour of electricity generated from a typical
gas turbine, to a cost based on solar or wind power
(depending on the location) that is stored in a lithium ion
battery or a pumped-hydro dam and then delivered to
the consumer as the reference cost of electricity.

This change will have major implications for the cost-
effectiveness of behind-the-meter investments in solar,
storage, demand response, and energy efficiency and
how they are considered against supply-side resources.
In making this move, the decision reinforces the growing
consensus among parties that renewable generation will
become California’s primary energy source—and not just
in the middle of the day.


https://database.aceee.org/state/energy-efficiency-resource-standards
https://database.aceee.org/state/energy-efficiency-resource-standards
https://database.aceee.org/state/energy-efficiency-resource-standards
https://www.dsireusa.org
https://www.dsireusa.org

FIGURE 2: PLANNED U.S. ELECTRIC GENERATING CAPACITY ADDITIONS (2020)
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(a) New energy project starts in 2020
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Figure 2: Planned new energy projects in the United States are both
dominated by the low cost of solar and wind power, and driven by
B Natural Gas: 22% Solar PV: 32% the str'uctures gf energy pricing and markets, with the huge surge
of projects projected for the last month of the year and the potential
W Other: 2% B Wind: 44% expiration of federal incentives. As | discuss in the text, even these
renewable energy incentives pale in comparison to the $0.5-5 trillion
Source: U.S. Energy Information Administration, (depending on the accounting metrics) global subsidies for fossil
Preliminary Monthly Electric Generator Inventory fuels (|EA 2020).
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Source: U.S. Energy Information Administration, Preliminary Monthly Electric Generator Inventory

In many ways the shift from carbon based to renewably

powered energy pricing is only the beginning. The costs
quoted here so far are for electricity delivered for a new
generation facility, one that is both unsubsidized and,

most critically, un-penalized by pollution charges. In
California and in the Northeast states a carbon cap-and-
trade market price exists, as it does across Europe and
soon in the world’s largest energy market, China.’

1 Establishing a nationwide emissions trading scheme (ETS) was one of the pledges made by China ahead of the Paris climate change agreement of 2015, but implementation has been repeatedly delayed amid concerns about
transparency and the quality of the nation’s emissions data. “We will strive to make a breakthrough in progress before the year-end,” said Li Gao, head of the climate office at the Ministry of Ecology and Environment, speaking

on the sidelines of a conference in Beijing (Reuters 2020)

&
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In the U. S., while solar and wind are already the least-
cost forms of energy for much of the country, this
calculation does not take into account a price on carbon
(Figure 3a). If we include those costs at the California
level of $20/ton of CO, emissions, the map changes
significantly, with solar gaining at the expense of natural
gas (Figure 3b). And if we move further, to including a
Social Cost of Carbon, currently estimated at roughly
$50/tCO,, the map transforms further (Figure 3c).

FIGURE 3: LEVELIZED COST OF ELECTRICITY

Of course a range of perspectives exists on how best to
implement, and to allocate or rebate a price on carbon.
While the radical restructuring of energy costs we have
seen already barely require this component, it is most
assuredly coming in some form, and likely to everyone,
everywhere.

(a) Overnight energy costs, $0/tCO,
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Figure 3: (a) Least overnight cost energy by type with no carbon price ($0/tCO,); (b) at the current California cost of $20/tCO,); (c) energy
costs at the Social Cost of Carbon of ~ $5O/tCOQ. The most dramatic change as the carbon price is increased is the replacement of natural
gas (rust color) with solar (mauve). Of particular importance, President Biden signed an executive order to study and use the social cost of
carbon for federal cost/benefit calculations. In fact, the executive order goes further, to include not only the social cost of carbon, but also
that of methane and other climate pollutant emissions®.
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(b) California & Quebec, $20/tCO,
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(c) Social cost of carbon, $50/tCO,
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These assessments—done by many different research
groups using diverse methodologies—are consistent
across the U.S. and for essentially every nation. My own
research group has developed and expanded greatly
the use of a model—SWITCH?3®—pioneered by one of my
doctoral students, Matthias Fripp, to examine optimal
expansions of the energy infrastructure in a wide range
of nations—Bangladesh, Chile, the U.S., China, Kenya,
Mexico, Nicaragua (Carvallo et al. 2017; Mileva et al.
2013 & 2016; He et al. 2016; Nelson et al. 2012; Ponce
de Leon et al. 2015) to study the interacting forces of
technology price changes, and the costs of both energy
efficiency programs and grid expansions to bring these

new energy technologies to market (http://rael.berkeley.
edu/project/SWITCH).

Consistently across all of these cases a decade or
so is needed for the transition if technology choices
were coordinated and optimized by a central planning
agency such as the Federal Energy Regulatory
Commission, or as we are more accustomed to
thinking, like a nation such as China, with a stronger
central planning and regulatory apparatus.

This theoretical construct: a cost-benefit directive

to make “all the right moves” during the decade to
transform energy systems sounds astounding to many.
But with clean energy and storage costs where they
are, the real need is now to reflect these new costs in
planning decisions and to push regulators to maximize
energy efficiency investments and to build transmission
to take advantage of large-scale renewables and

to incentivize 2-way sales between residential and
commercial customers.

Further, these lost costs and high flexibility for renewable
energy and energy storage are not only largely without
the benefits of carbon pricing, but are prevailing even
with the massive levels of fossil-fuel subsidies that

exist worldwide, which total anywhere from $0.5 trillion
to 5 trillion annually (IEA 2020). There are few ways

to put that level of subsidy for pollution in context, but
one measure may be to note that renewable energy
investment worldwide for the past decade is about

3  SWITCH: Solar and Wind Integrated with Transmission and Conventional Generation

2.5 trillion, or the mid-level estimate of fossil fuel
subsidies worldwide for one year (IISD 2019). Quite
simply, that level of subsidy is obscene given the current
costs of clean energy.

All of this leads to the present: the COVID-19 crisis and the
emergence of the social re-awakening around Black Lives
Matter and the systematic discrimination against people

of color in the U.S., and worldwide. These colliding crises
open the door for a peak in carbon emission far earlier than
many “experts” predicted.

First the unprecedented drop in energy use that
accompanied the first wave of responses to COVID
has been eye-opening. In a series of papers (Zhu et
al. 2020) and an open-access data website,
https://carbonmonitor.org, myself and a number of

colleagues led by a team at Tsinghua University, the
University of California, Irvine, and the Laboratoire des
Sciences du Climat et de I'Environnement (LSCE)
where we tracked and updated in verified and open
access format the changes in carbon emissions
worldwide and nation by nation (Figures 4 & 5).

The data are dramatic. Emissions both fell rapidly

and consistently, and as policies relaxed, emissions
rebounded, in many cases with stimulus/subsidy
packages that rewarded existing polluters at far higher
levels than the clean energy competitors.

In the U.S., the estimate is that just 0.2% of the
COVID-19 stimulus package was directed to clean
energy and energy efficiency (Bloomberg 2020). For
comparison, solar and wind a decade ago amounted to
under 2% of total U.S. generation, but today, two-thirds
of all energy investments in the U.S. and worldwide are
for renewable energy and energy storage.*

4 International Energy Agency, World Energy Investments 2020; https://www.iea.org/reports/world-energy-investment-2020
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FIGURE 4: CO, WORLD EMISSIONS (%)

(a) Global and nation by nation changes in CO, emissions, January 1-May 31, 2020 / January 1-May 31, 2019
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Source: carbonmonitor.org. Data sourced July 16, 2020. Latest data from July 12, 2020.

(b) Comparing all sectors, January 1-May 31, 2020 / January 1-May 31, 2019

Figure 4: (a) Global and nation by nation changes in CO, emissions,
All Sectors @ -8.6% comparing January 1-May 31 this year to the baseline set by the
— same time period in 2019. Sectors are summarized in (b). Globally,
Power o -0 304 0% coal use declined by 10%, with oil and gas down 3 to 4%, while
L renewable energy use was up 4%.
Ground Transport @ -3.7% —19.2%
Industry 0 -1.8% | -6.5%
Residential -0.3%
Domestic Aviation o -0.5% | -32.2%

Contribution of this sector to total change %
1 Sector change in 2020 vs 2019 (%)
B Emissions variation between 2020 and 2019 (MtCO,)

Source: carbonmonitor.org. Data sourced July 16, 2020. Latest data from July 12, 2020.


http://carbonmonitor.org
http://carbonmonitor.org

10 kleinmanenergy.upenn.edu

FIGURE 5: CO, EMISSIONS VARIATION (%)

(a) United States of America, January 1—May 31, 2020 / January 1-May 31, 2019, -279.28 Mt CO, (-13.00 %)
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Source: carbonmonitor.org - July 16, 2020.

(b) China, January 1-May 31, 2020 / January 1-May 31, 2019, -227.40 Mt CO, (-5.40 %)
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Figure 5: (a) U.S. CO, emissions, comparing January 1 to May 31 this year to the baseline set by the same time period in 2019; (b) China CO,
emissions, comparing January 1 to May 31 this year to the baseline set by the same time period in 2019.
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Thus, we are left with a stark contrast in energy and
climate costs and impacts, and set of options. Before
moving to the opportunities, however, one more element
of the economic benefits of the clean transition needs to
enter the conversation: jobs.

Often lost in the assessment of transition costs and
stranded assets are the huge and diversely situated job
benefits of clean energy.

In a series of market assessments and company
interviews my laboratory and others have conducted, we
find that the jobs multiplier of clean versus dirty energy
is, well, transformative.

The jobs story is both striking, and unsurprising.

Any time an industry is built on mining a fossil fuel, a
significant fraction of the cost—up to 70% in case of the
life-cycle of a natural gas power plan—is simply to pay
for fuel. Whereas infrastructure and renewable energy

is an investment in companies, innovation, and people.

It is the pursuit of human capital and can be spread

as widely as the need for energy services exists—to
communities rich and poor, rural and urban.
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Thus, back to the initial question, have we seen peak
carbon emissions and pollution? At the 2014 APEC
summit Presidents Obama and Xi committed to a “G2”
of climate: the U.S. would cut emissions by one third
on a state-by-state basis by 2024 under the Clean
Power Plan. China would peak emissions by 2030;
which was at the time exceedingly bold. Many analysts
worried and complained that this was not an emissions
based target, but simply a statement about the slope of
the emissions curve.

In fact, China more recently indicated that peaking by
2025 is possible, and just recently, announced that with
COVID-19, Chinese emissions may have peaked in late
2019, or early 2020 (Meredith 2020).

China has set a national target to become “carbon
neutral” by 2060, with industrial transportation and other
energy uses netting out to zero through a combination of
zero-carbon electricity, advances in other sectors, and
natural and human-engineered carbon sinks balancing
out any remaining emissions. | am personally skeptical
about banking on the land to absorb “extra” emissions,
particularly as climate change impacts ecosystems. Still
this is a grand plan, and an excellent place to begin.

TABLE 1: JOB CREATION PER MILLION S SPENDING ACROSS FOSSIL FUEL, INFRASTRUCTURE, AND RENEWABLE ENERGY

Energy Source Direct Jobs Indirect Jobs Induced Jobs Total Jobs
Oil and Natural Gas 0.8 2.9 2.3 5.2

Coal 1.9 3.0 3.9 6.9
Building Retrofits 7.0 4.9 11.8 16.7

Mass Transit/Rail 11.0 4.9 17.4 22.3
Smart Grid 4.3 4.6 7.9 12.5
Biomass 7.4 5.0 12.4 17.4

Solar 5.4 4.9 8.4 13.3
Wind 4.6 4.4 9.3 13.7

Fossil Fuels Infrastructure Renewable Energy

Source: Data compiled from a range of sources, compiled and assessed in the annual updates of Wei, Patadia, and Kammen (2010).
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While the U.S. abandoned the Clean Power Plan with
the change in administration, in July Vice President
Biden made the announcement that his administration
would set 2035 as the date for a 100% clean electricity
sector (in keeping with the SWITCH model results
described), and would devote 40% of spending on
socially and environmentally disadvantaged areas. Both
of these announcements are exceptional, but 40%

of funds for “environmental justice” areas and issues
even increases the levels over the California “floor” of
35% of cap-and-trade funds to be spent on EJ. Large-
scale shifts to electric vehicles have a number of direct
benefits, including reducing emissions in inner city
areas, cutting vehicle operating costs, and providing a
market for clean energy generation from solar—when
supplies are high and net demand is low.

In September 2020, California announced that the sales
of new internal combustion engine vehicles would be

banned by 2035. Within a month, the U.S. and the State

of Massachusetts announced they would end ICE sales
by 2030.

A recent paper written by an international team

of Chinese and U.S. researchers (of which | am a
participant) found that a massive increase in electric
vehicle use in China—scaling from 4 million today to 80
million by 2030—would enable China to meet their peak
carbon goals far more easily and at lower cost (Li et al.
2021). U.S. Senator Schumer has proposed a “Clean
Cars for America” plan that President Biden may adopt.
It calls for the U.S. to scale from about 2 million electric
vehicles today to over 60 million by 2030.°

Thus, we are clearly at a point where strong clean
energy market forces, a federally endorsed desire for
social justice, and stimulus packages and plans give
us an incredible opportunity to peak greenhouse gas
emissions today (or even in the recent past).

While the Biden Administration has set 2035 as the

date for a carbon-neutral electricity sector (and as noted

at the beginning of this essay, the data is showing a
number of nations are relaxing back to their pre-COVID-
levels), the potential for more aggressive action is not

gov/newsroom/press-releas:

only available to us, but increasing climate costs and the
benefits of investing in a more equitable society may be
just the combination needed to tip the scales.

Peaked carbon emissions is now, for the first time,
arguably a social policy and ideology choice, not just
a technical or economic one. The jobs, justice, and
environmental quality all line up on the side of a new,
green energy economy. Our actions in the coming
months and very few years will determine if we choose
a shared, healthy future, or quite literally destroy the
world of our children.

es/leader-schumer-unveils-new-clean-cars-for-america-climate-proposal-a-transformative-plan-to-reduce-number-of-carbon-emitting-cars-on-the-road-create-

-zero-carbon-emissio
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