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Welcome to the Kleinman Center's first

annual SPARK magazine. SPARK stands for
Student-Published Anthology of Research

at Kleinman. It is our way of highlighting the
stellar energy research that students have been
working on across campus this academic year.
SPARK is one component of our ongoing efforts
to expand and optimize student programming
and community engagement over the coming
years. The concept for this magazine was
developed in partnership with our new student
advisory council, a self-selected group of
Kleinman fellows, researchers, and certificate
students who meet periodically throughout the
year to advise us on how we can better serve
the needs of the Penn student community.



This, our first volume, comprises the seven submissions received
this year. Each submission was carefully reviewed and edited

by the editorial sub-committee of the student council. | want to
give a special thanks to our student editors Caroline Magdolen,
Ha-nam Yoon, and Angela Sun, without whom this publication
would not have been possible.

It is my hope that this magazine not only celebrates the featured
authors for their insightful research contributions, but also
challenges you, our reader, to think critically about your own
relationship to energy. The articles in this magazine explore a
wide range of ambitious technical and policy solutions to some
of the biggest challenges facing the future of energy. Authors
explore cutting-edge technical solutions like green hydrogen,
solar fuels, and distributed carbon ledgers, as well as policy
strategies that challenge some of our most basic assumptions
about money and finance.

| hope you enjoy reading the Kleinman Center's first issue
of SPARK magazine, and that you find the articles to be as
informative and inspiring as they are for me.

Oscar Serpell
Associate Director, Academic Programming and Student Engagement
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THE PROMISE OF GREEN
HYDROGEN: EXAMINING
CHALLENGES AND PROGRESS
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Green hydrogen has become an important part
of government efforts to reduce emissions and
accelerate the energy transition. However, developing

Jean Andre Petit
Master of Laws ('22)

this technology to be more efficient and attractive to
investors has been difficult. In this article | will explain
some key elements of green hydrogen, discuss some
challenges its development has faced, and provide an
update on its status.

Hydrogen is an energy source that can be used in a
wide variety of applications, from fuel for vehicles and
machinery to energy storage systems. It does not emit
greenhouse gasses when burned, however, most of the
processes currently used to produce it do, as they are
mainly based on fossil fuels.

FIGURE 1: THE MANY SHADES OF HYDROGEN PRODUCTION

COLOR GRAY HYDRDGEN BLUE HYDROGEN
PROCESS SMR or gasification SMR or gasification
with carbon capture
SOURCE Methane Methane
or coal or coal

o 6

SMR = steam methane reforming

o 6

Source: IRENA 2021

It is classified in colors depending on how polluting the
hydrogen production process is. On the one hand, if
the hydrogen production process uses clean energy
sources, such as solar and wind energy, we speak of
green hydrogen. The most efficient process to produce
green hydrogen is electrolysis, by which the water's
elements are separated using electricity from renewable
sources to obtain hydrogen. On the other hand, gray and
blue hydrogen are produced by using fossil fuels, but in
the case of blue hydrogen carbon capture processes
are applied.

CHALLENGES

Despite the potential of green hydrogen to play an
important role in the energy transition, it has faced several
difficulties in developing as a viable energy alternative.

High production costs: The cost of green hydrogen
production is two to three times higher than gray and blue
hydrogen (IRENA 2021, 7). For this reason, hydrogen is
currently produced primarily using fossil fuels such as
coal, oil, or natural gas, generating more than 900Mt of
CO, emissions per year (IEA 2022a).

Two key reasons for this price gap are the price of
renewable electricity and electrolyzers. In accordance
with the International Energy Agency (IEA), renewable
electricity costs can make up 50—-90% of green hydrogen

TURQUOISE HYDROGEN GREEN HYDROGEN

Pyrolysis Electrolysis

Methane Renewable electricity
<« - &8

e

Turquoise hydrogen is an emerging
decarbonization option
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FIGURE 2: HYDROGEN PRODUCTION COST AS A FUNCTION OF INVESTMENT, ELECTRICITY PRICE AND OPERATING HOURS

HYDROGEN PRODUCTION COST (LSD/KG)

Electrolyzer system cost (USD 770/kW) + fixed costs

Electrolyzer system cost (USD 500/kW) + fixed costs
B Electrolyzer system cost (USD 200/kW) + fixed costs
B Electricity price (USD 20/MWh)

- Blue hydrogen cost range

HYDROGEN PRODUCTION COST (USD/KG)

B Electrolyzer system cost (USD 200/kW) + fixed costs
B Electricity price (USD 10/MWHh)
W Electricity price (USD 20/MWh)

Electricity price (USD 40/MWh)

- Blue hydrogen cost range

Note: Efficiency at nominal capacity is 65% (with an LHV of 51.2 kWh/kg H,), the discount rate 8% and the stack lifetime 80,000 hours. Based on IRENA analysis.

Source: IRENA 2021, 26

total production expenses (IEA 2021). Additionally, the
current production of electrolyzers is very expensive,
so there is a need for reducing their procurement and
construction cost, and enhancing their performance
and durability in order to bridge the gap with hydrogen
produced by non-renewable sources.

Low efficiency: Green hydrogen undergoes substantial
energy losses throughout its value chain stages and
additional energy inputs are required. About 30-35% of

the energy used to produce hydrogen by electrolysis is lost.

Transporting it requires additional energy, usually around
10-12% of the energy contained in the hydrogen (IRENA
2020). Furthermore, the low density of hydrogen compared
to natural gas means that storing it requires much larger
storage spaces and the implementation of additional
processes to compress it.

To make green hydrogen more viable it is necessary to
improve the efficiency of its production process and
explore more efficient storage alternatives. This could
involve developing better compression capacities or
finding ways to lower the costs of storing it in a liquid
form, which is currently energy-intensive and expensive as
it requires keeping the hydrogen at very low temperatures.

Freshwater dependency: The production of hydrogen
through electrolysis requires the availability of freshwater,
an increasingly scarce resource. According to the
United Nations, two thirds of the world population could
face water-stressed conditions by 2025 (2016). This
sets the challenge of finding a way to produce hydrogen
through seawater or looking for alternative sources of
freshwater, such as desalinated seawater.

WAR IN UKRAINE

The conflict in Ukraine and the severing of economic
relations with Russia, one of the world'’s largest
producers of oil and gas, have resulted in higher energy
and raw material prices. As a result, some economies
have increased their production of fossil fuels to cover
the deficit created by this situation. However, this
conflict has also triggered an acceleration in the policies
to reduce the dependency on fossil fuels, opting in the
medium and long term for clean energies.

As a consequence of the Russian’s invasion in Ukraine,
the President of the United States announced in a joint
press statement with European Commission President
Ursula von der Leyen that they are going to “accelerate
widespread adoption of energy-efficient technologies
and equipment, [...] invest in innovative solutions and



FIGURE 3: COUNTRIES WITH A NATIONAL HYDROGEN STRATEGY IN PLACE OR UNDER DEVELOPMENT

National hydrogen strategy
Announced/in preparation

B Adopted before GHR 2021

B Adopted after GHR 2021

Note: This map is without prejudice to the status of sovereignty over any territory, to the delimination of international frontiers and boundaries and to the name of any territory, city, or area.

Source: IEA 2022b

technologies to make the switch from fossil fuels.
And together [...] advance the use of clean and
renewable hydrogen to reduce our carbon emissions”
(The White House 2022). These statements were
followed by significant announcements from both the
European Commission and the United States.

The European Commission presented the RePowerEU
plan, which aims to completely end dependency on
Russia's imported fossil fuels by 2030 through a series
of measures, including the production of 10 million tons
of domestic renewable hydrogen production and the
importation of 10 million tons of renewable hydrogen
by 2030 (European Commission 2022).

In the same line, the United States launched two initiatives
that can promote the development of low-emission
hydrogen. The first one is the Infrastructure Investment
and Jobs Act’s $8 billion program to fund the development
of regional clean hydrogen hubs across America. The
purpose of this plan is to speed up the adoption of

hydrogen as a clean energy carrier by creating networks
that connect hydrogen producers, consumers, and local
connective infrastructure. The second one is the Inflation
Reduction Act, which contains certain provisions that may
incentivize clean hydrogen production, such as a new tax
credit and an increase in the value of the existing tax credit
for carbon sequestration.

CURRENT LANDSCAPE AND FUTURE OPPORTUNITIES

The development of green hydrogen requires advances
in various areas to make it more competitive. The good
news is that these advances are progressing rapidly.
This is reflected in the downward trend of the prices

of solar photovoltaic and wind power, which have
already declined 80% and 40%, respectively, in the
last decade (IRENA 2021, 7). Also, the production
costs of electrolyzers have fallen 60% since 2010 and
could fall another 40% in the short term and 80% in the
longer term (IRENA 2021, 7). Furthermore, scientific
developments to produce hydrogen from seawater



SPARK | Student-Published Anthology of Research at Kleinman

have been reported (Stanford News 2019), and there
is a growing interest in the construction of seawater
desalination plants around the world.

To date, 25 countries have adopted national strategies
for green and low-emission hydrogen development

and several other nations have announced that they are
working on preparing their own plans. These strategies
are focused on increasing electrolysis capacities and
production targets, promoting research and development
in technology, and supporting demand creation for low-
emission hydrogen in key sectors, especially those in
which emissions are hard to abate (IEA 2022b).

It is highly relevant to keep aligning the interests of
countries, investors, and users. The governments have
the important task of identifying the opportunities for
the development and widespread implementation of
hydrogen, as well as connecting their decarbonization
commitments, the potential of the countries and specific
industries, with the needs of the users (Hydrogen
Council 2020)." In this way, it is possible to target
incentives and support mechanisms efficiently and
effectively, and make it feasible to establish long-term
supply contracts with competitive prices, predictable
returns, and attractive bankability conditions for alll
market participants.

Despite the obstacles to the massive adoption of this
technology, there is a strong interest in having green
hydrogen play a central role in the energy transition.
Important efforts have been deployed to accelerate
its development, which have been further enhanced
by the war in Ukraine. We will soon see how these
announcements, the technological advances, and the
adoption of strategies for the development of green
hydrogen will impact the competitiveness of this
technology and in the energy transition process
towards carbon neutrality.

(=
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Jespite the obstacles to

the massive adaoption of this
technology, there is a strong
interest in having green
hydrogen play a central

role in the energy transition.
Important efforts have been
deployed to accelerate its
development, which have
been further enhanced by
the war in Ukraine.

1 The Hydrogen Council has proposed five levers for stakeholders to create a market for hydrogen: reducing demand uncertainty, scaling applications with the biggest cost improvement per dollar invested, deploying
complementary solutions to spark virtuous cycles, designing distribution networks to maximize utilization and scaling up production to drive down supply costs.



DEGARBONIZING POWER
GENERATION IN PENNSYLVANIA:
A ROADMAP BEYOND RGGI

T Zhao Liu

Master of Environmental Studies Candidate,
Master in Law Candidate

Pennsylvania’s heavy reliance on fossil fuels poses a
significant challenge to the sustainable development

of the power generation sector. Although Pennsylvania

has joined the Regional Greenhouse Gas Initiative (RGGI)
to reduce carbon emissions, ongoing legal disputes may
compel Pennsylvania to withdraw from RGGI, resulting

in significant environmental, health, and economic
consequences. To mitigate these possible losses, remedial
actions should tackle air pollution and environmental justice
issues while introducing supplementary policies to RGG
to encourage rapid decarbonization.

PENNSYLVANIA POWER GENERATION OVERVIEW

Pennsylvania possesses abundant fossil fuel resources
and holds a prominent position in energy production in
the United States. It is the second-largest producer of
energy, the second-largest producer of natural gas, and
the third-largest producer of coal. In terms of electricity
production, Pennsylvania ranks third in the country and

is responsible for significant carbon dioxide emissions,
placing it fourth among all states (U.S. EIA 2022b). The
power generation sector has been a major contributor to
Pennsylvania’s overall greenhouse gas (GHG) emissions,
accounting for more than 30% of total emissions for many
years (PA DEP 2022).

The power generation in Pennsylvania relies primarily on
three sources: coal, gas, and nuclear power generation.
Over the past two decades, the capacity for gas-fired
power generation has substantially increased and has
largely replaced coal, gas, and nuclear power generation.
However, this shift has also led to an overall increase in
fossil fuel power generation from 60.6% in 2001 to 64.4%
in 2022. By contrast, the proportion of fossil fuel power
generation across the United States has decreased from
71.6% to 60.2% over the same period (U.S. EIA 2023).

FIGURE 1: PENNSYLVANIA NET ELECTRICITY GENERATION BY TYPE FROM 2001 TO 2022

GIGAWATT HOURS

— Coal
— Nuclear
— Gas

\/\J\_/.

— Conventional hydroelectric
All-utility scale solar
Other

— Petroleum
— Wind

Biomass

Note: The sum of all fuel type percentages exceeds 100% because hydroelectric pumped storage consumes electricity.

Source: U.S. Energy Information Administration
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THE REGIONAL GREENHOUSE GAS INITIATIVE (RGGI)

RGGl is an innovative market-based program, aimed

at reducing carbon dioxide emissions in the power
generation sector, and is the first of its kind in the
United States. The program has been adopted by
eleven states in New England and the Mid-Atlantic.
RGGI applies to power plants generating 25 megawatts
of electricity or more, and involves a cap-and-trade
system that limits carbon emissions and allows for
trading of emission credits.

The implementation of RGGI in Pennsylvania was
temporarily halted by a preliminary injunction issued by
the Commonwealth Court. This ruling was challenged
by officials at the state Department of Environmental
Protection (DEP) and Environmental Quality Board,
and the final decision is still pending.

FIGURE 2: LEGAL CONTROVERSY OVER PENNSYLVANIA JOINING RGGI

October 3, 2019 | PA Governor's Office [ Executive Order 2019-07
(4 PA Code §7a.181)

Former Governor Tom Wolf ordered and directed DEP to
propose a regulatory rulemaking to join RGGI and consist
with RGGI’s top carbon cap-and-trade program no later than
September 2020.

April 23, 2022 | The Environmental Quality Board | CO, Budget
Trading Program (52 Pa.B. 2471)

Pennsylvania became the 12th state to join RGGI. The CO,
emissions cap will start at 78 million tons on July 1, 2022 and
decline to roughly 58 million tons by the end of 2030.

July 8, 2022 | PA Commonwealth Court | Memorandum Opinion
(Dkt. No. 41 M.D. 2022)

The court granted a senate request for a preliminary
injunction blocking the DEP from implementing and
enforcing regulations providing for Pennsylvania’s
participation in RGGI.

July 11, 2022 | PA Commonwealth Court [ Notice of Appeal
(Dkt. No. 41 M.D. 2022)

Officials at the DEP and the Environmental Quality Board
appealed to the Supreme Court of Pennsylvania from the
Order entered in this matter on July 8, 2022, which has yet
to issue a ruling.

*DEP = Pennsylvania Department of Environmental Protection

In Pennsylvania, greenhouse gas (GHG) reduction
goals have been established with the aim of reducing
emissions by 26% by 2025 and 80% by 2050 from
2005 levels. Joining RGGI from 2022-2023 would
enable Pennsylvania to reduce CO, emissions by
97-225 million tons by 2030, which is equivalent to
2.5-5.9 times the carbon emissions from coal-fired
power generation in Pennsylvania in 2019.

Joining RGGil is also expected to result in an increase

in Gross State Product of nearly $2 billion and a net
increase of over 30,000 jobs, while the number of
workers in the power generation industry in Pennsylvania
in 2021 is only about 20,000. Lastly, it would create
public health benefits valued at around $6.3 billion

(PA DEP 2023). This article will explore how Pennsylvania
could respond to either of two scenarios; one where PA
stays committed to RGGl, and one in which the state
decides to leave the program.

SCENARIO 1: PENNSYLVANIA JOINS RGGI

Pennsylvania’s adoption of RGGI can bring about
significant environmental, health, and economic benefits.
However, historical data suggests that participation in
RGGI has limited impact on transitioning from coal to
natural gas or renewable energy sources. Moreover, it
can result in reduced efficiency of coal-fired and gas-
fired power generation, leading to an increase in carbon
emissions (Yan 2021). Therefore, Pennsylvania should
undertake more incentives and disincentives to phase out
fossil fuel power generation capacity in the long term.

1. Reduce GHG emissions of gas-fired power plants

Pennsylvania should prepare for the phasing out of fossil
fuel power plants, by focusing on gas-fired power plants.
Only six conventional coal-fired power plants remain

in Pennsylvania, and all but one have plans to retire or
transition to a cleaner energy source within the next
decade (Legere 2022). In contrast, Pennsylvania plans
to have 1.9 gigawatts of gas-fired generation capacity
online by 2025 (Max Ober 2021).

Given the dominant role of gas-fired power generation
in Pennsylvania, it is more feasible to first reduce
greenhouse gas emissions from these plants rather
than phase them out directly. The state can use financial

[ yn



incentives or regulatory methods to encourage gas-
fired power plants to control GHG emissions. One
approach is to offer tax credits to gas-fired power plants
that invest in renewable energy projects, purchase
renewable energy credits (RECs), and utilize Carbon
Capture and Storage (CCS) or low-carbon technologies
like combined heat and power (CHP) systems.

Another regulatory option is to set a performance
standard for gas-fired power plants, such as a
maximum limit on GHG emissions per megawatt-
hour of electricity produced. The state could also
incorporate gas-fired power turbines into the carbon
cap-and-trade system of RGGI or establish a new
program to control GHG emissions.

2. Update AEPS and set a new renewable energy goal

Pennsylvania's Alternative Energy Portfolio Standards
Act (AEPS) of 2004 set a state-level renewable
energy goal of 8% of “Tier I"' energy sources by
2021. As of the end of 2021, Pennsylvania has made
significant progress toward meeting its renewable
energy goals, with all electric distribution companies
and all but two electric generation suppliers having
met their requirements by acquiring and retiring
sufficient Alternative Energy Credits (PA PUC 2022).

However, Pennsylvania’s current sustainable energy
usage goal remains at 8% of “Tier I” energy sources
as established by the AEPS of 2004, and no long-
term goals have been established. This is in contrast
to 23 other states and Puerto Rico, which have
announced 100% clean energy, carbon-free electricity
or net-zero GHG emissions goals by 2050 at the latest
(Leon and Ziai 2023).

As of 2022, renewable energy accounted for only
3.54% of total power generation in Pennsylvania,
ranking the state 45th in the country, which is
significantly lower than the national average of
21.5% (U.S. EIA 2023). In light of this, it is imperative
that Pennsylvania not only set renewable energy
goals for the next decade, as Governor Shapiro
promised during his campaign, but also consider

setting long-term, ambitious 100% carbon-free
electricity or 100% renewable energy goals.

3. Tap into solar energy

Pennsylvania has significant potential for clean energy
investment, ranging from $16.22 billion to $20.31
billion, with approximately $7 to $9 billion allocated
for clean energy projects (Coalition for Green Capital
2017). Among renewable energy sources, solar
energy appears to have several advantages. First,
solar energy is strongly endorsed by both federal and
state governments, as evidenced by the Federal PV
Tax Credit and Pennsylvania Solar Renewable Energy
Certificate (SREC). Second, a recent opinion survey
conducted by Embold Research found that solar
energy is the most popular form of renewable energy
in Pennsylvania (Embold Research 2022); Third,
Google Project Sunroof has identified that a significant
percentage (75%) of buildings in Pennsylvania are
viable for solar energy (Google Project Sunroof 2019).
Finally, the levelized cost of electricity and payback
periods for solar energy in Pennsylvania are relatively
short compared to other states (U.S. EIA 2022a).
Given these promising factors, it is recommended that
Pennsylvania reduce barriers to customer and utility
participation in solar energy.

SCENARIO 2: PENNSYLVANIA DOES NOT JOIN RGGI

If Pennsylvania decides to withdraw RGGI, it is
recommended that Pennsylvania not only adopt
supplementary policies as discussed in Scenario 1,
but also take remedial actions to address existing
environmental justice and health problems.

Pennsylvania is the largest electricity exporter in the
U.S., exporting 85.5 million megawatt hours in 2021,
which was 79.9% higher than the second-largest
exporter of energy, Alabama (U.S. EIA 2023). Failure

to join RGGI will result in Pennsylvania continuing to
suffer the pollution effects of emission leakage from
surrounding RGGI states. These states have been
choosing to shift power generation to non-RGGlI states
as it is cheaper for them than decarbonizing themselves.

1 According to 2004 Pa. ALS 213, 2004 Pa. Laws 213, 2003 Pa. SB 1030, Tier | alternative energy source is derived from: (1) solar photovoltaic and solar thermal energy; (2) wind power; (3) low-impact hydropower;
(4) geothermal energy. (5) biologically derived methane gas; (6) fuel cells; (7) biomass energy; (8) coal mine methane.
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43.11% to 85.65% of carbon reduction in RGGI

states was leaked to non-RGGI states between 2009
to 2017 (Zhou and Huang 2021), which is one of the
reasons that Pennsylvania’s electricity carbon emissions
increased by 9.6% between 2020 and 2021, reaching
the highest levels since 2016.

The Environmental Protection Agency (EPA) has identified
fossil fuel power plants as the largest source of deadly
pollutants. If Pennsylvania does not join RGGI, several
counties, such as Beaver, Indiana, Armstrong, York, and
Montour will continue to bear health damages caused by
sulfur dioxide emissions, nitrogen oxides, and particulate
matter 2.5 (PM2.5) emissions (Yang et al. 2021).

CONGLUSION

Pennsylvania has reaped significant economic benefits
from power generation and fuel production as a result
of its natural resources. However, its heavy reliance

on fossil fuels has become a barrier to achieving a
sustainable transformation. Pennsylvania must recognize
that sustainable transformation is inevitable, and federal
decarbonization regulations will eventually be issued.

At present, Pennsylvania is considerably behind other
states in the process of sustainable transformation.
Consequently, Pennsylvania must take a more proactive
and early approach to decarbonizing the power
generation sector, particularly since there is a possibility
that the final ruling may reject RGGl legislation.

(=
For bibliography, visit:
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Pennsylvania must
recognize that sustainable
transformation is inevitable,
and federal decarbonization
requlations will eventually
be issued.
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GOULD SOLAR FUELS BE DEPLOYED
IN'A DEGARBONIZED FUTURE?

Walter D. Johnsen
Doctor of Chemistry Candidate

As a society, we are at the cusp of a historic infrastructure
transition to replace our fossil-fuel derived energy
ecosystem with one centered on renewable energy.
Recent disasters such as the 2020 fires in eastern
Australia, ongoing droughts in Northern Africa, or
unprecedented flooding of urban centers in Gyeongju

City, South Korea dictate the need to accelerate transition
away from fossil fuels and limit climate change to 1.9°C of
warming (Cappucci 2021; Kim & Lee 2022; Mahmoud,
Gan, Allan, Li, & Funk 2022). Excitingly, projections by

IEA show that energy from renewable sources will overtake
coal by as soon as 2025.

The large-scale replacement of fossil-fuel energy
infrastructure with renewables will pose a new challenge:
how do you store energy between when it is produced
and when it is used? Renewables generate electricity,
which if not immediately used, must be stored. Currently,
the dominant methods to store electricity in the U.S. are
pumped hydroelectric (94%), batteries (2.7%), and thermal
energy (2.5%) (EPA 2022).

However, the status quo technologies are not amenable

to the scale and duration demanded for a fully electrified
society. In the U.S., most geological areas suitable for
pumped hydroelectric systems already have the technology
installed, preventing it from being further scaled (Pumped
Storage Hydropower 2022). Batteries require large
amounts of rare metals, have a low energy storage per

unit mass, and degrade over time, making them infeasible
for grid level energy storage (Huang & Li 2022; Masias,
Marcicki, & Paxton 2021).

In the context of these existing energy storage
technologies, additional strategies should be considered
that contain a high energy per unit mass, have a long
duration of storage, and require few rare metals. One
such avenue is solar fuels.

“Solar fuels” is an umbrella term to describe energy-dense
chemicals produced using energy from the sun. Catalysts
powered by solar energy transform abundant chemicals
such as water (H,0), nitrogen gas (N,), or carbon dioxide
(CO,) into high energy chemicals such as hydrogen gas
(H,), ammonia (NH,), or ethanol (C,H,OH), respectively
(DOE Office of Science 2022).

The chemical processes require trace amounts of
precious metals as catalysts. The formed chemical fuels
can be stored for long durations, and the energy contained
in them can later be accessed upon either combustion

or electrochemical processes as seen in fuel cells. The
advantages of solar fuels for long duration and grid level
storage warrants a deeper look into avenues that will
accelerate the technology's use.

Many different chemicals are being pursued as solar
fuels, including hydrogen, hydrazine, ammonia, formic
acid, carbon monoxide, methanol, ethanol, and ethylene.
Each proposed fuel differs in its fundamental physical
properties, including energy per mass, energy per
volume, and physical state at atmospheric pressure and
temperature, allowing for a context-specific deployment of

FIGURE 1: SUISO FRONTIER, THE FIRST HYDROGEN GAS CONTAINER
SHIP, IS CURRENTLY IN SEA TRIALS.

Hydrogen gas is one such chemical that could be produced via solar energy.

Photo by Hunini, via Wikipedia
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solar fuels. For example, the high energy per mass intrinsic
to hydrogen lends it applicable to contexts where weight
must be limited, such as air transportation and shipping
(Furchgott 2021). In fact, last January, Kawasaki Heavy
Industries began sea trials of the world's first hydrogen
cargo ship (Murtaugh 2019). Conversely, a fuel with a high
energy per volume ratio such as ethanol could find use for
seasonal energy storage in cities, where space is limited.

Harnessing the sun’s energy to synthesize chemical fuels
is a technology still in its infancy. The state-of-the-art
catalysts used to create solar fuels through incorporating
solar energy into high energy bonds are inefficient and
often make a variety of byproducts. The scale up of

such catalysts beyond research scale poses additional
challenges of sourcing chemical precursors, designing
reactors that evenly distribute solar energy, and effectively
separating desired products from catalysts (Mustafa,
Lougou, Shuai, Wang, & Tan 2020). In parallel, modular
systems that decouple the solar harvesting step from

the high energy bond formation step meet inefficiencies
each time energy is transferred and transformed between
systems (De Luna et al. 2019).

But through public-funded research, private sector
engagement, and proactive policy at the federal and state
levels, solar fuels could reasonably attain wide-scale
deployment in a decarbonized future. Specifically, federally
funded research can be leveraged to overcome current
shortcomings of solar fuel technology. Early engagement
of the private sector will lead to advances in scaling solar
fuel technology from beyond research scale. Finally, federal
and state policy in the form of subsidies and taxes can
accelerate when solar fuels achieve market viability.

Fundamental research at public institutions

and universities is one avenue to achieve major
advancements in solar fuel technology. Here at the
University of Pennsylvania, researchers are actively
engaged in a $40-million Department of Energy (DOE)
multi-institution research center, the Center for Hybrid
Approaches in Solar Energy to Liquid Fuels (CHASE),
to design new solar-fuel forming systems. Through
fostering collaboration among researchers at Penn,
Brookhaven National Lab, UNC, Yale, Emory, and NC
State University, the CHASE hub aims to develop three
brand new solar fuel forming systems. Additional funding

FIGURE 2: THE CHASE HUB

‘

The CHASE hub is a multi-institutional research center that aims to develop molecule/
material hybrid photoelectrodes for cooperative sunlight-driven generation of liquid fuels
from carbon dioxide, nitrogen, and water. At Penn, five professors are actively engaged in
the CHASE hub.

opportunities for solar fuel technology and increased
opportunities for collaboration between researchers will
enable further progress on solar fuel technology.

In conjunction with fundamental academic research,
early recruitment of the private sector is vital to
accelerate deployment of solar fuel technology. Private
sector companies can identify early markets, and
through deploying the technology, discover innovations
that further drive down costs.

One company, AIR Company, is already using solar fuel
forming systems to synthesize lubricants, soaps, aviation
fuel, and vodka from carbon dioxide, water, and sunlight.
Initially, AIR Company used its patented technology to
synthesize ethanol which was subsequently used to
make vodka. AIR Company chose vodka as an initial
market because its vodka made from sunlight and
carbon dioxide was cost competitive with premium
vodkas (Kang 2020).

Since launching, AIR Company has continued to
innovate their trademark systems, subsequently
decreasing their manufacturing costs. As a result,

AIR Company has been able to expand into the soap,
lubricant, and aviation fuel market (Bettenhausen 2022).
Competition between additional private companies will
further accelerate innovation toward market-viable solar
fuel technologies.



Federal and state policies will have a profound impact
on whether solar fuels will be used as an energy storage
technology. Federal policy can facilitate their adoption
by subsidizing fuels and chemicals formed from sunlight
and taxing fossil-fuel derived chemicals. By driving down
the costs of solar fuels and increasing the costs of fossil
fuels, policy would expedite solar fuels’ path to market
viability. In parallel, infrastructure needed for solar fuel
deployment can be proactively built. This can include
gradually changing shipping fleets from gas-based to
hydrogen-based, building pipelines capable of carrying
proposed solar fuels, and expanding existing solar farms.
States can accelerate solar fuel adoption by incentivizing
solar farm development on private and state land, pledging
to decarbonize, and funding solar fuel research at their
home research institutions.

Solar fuels are an exciting technology for energy storage
in a decarbonized future. Chemical fuels have a plethora
of advantages over batteries, including long duration of
energy storage. However, the synthesis of energy-dense
fuels from abundant chemicals—such as water, nitrogen
gas, and carbon dioxide—and sunlight is expensive due
to inefficient catalytic systems. With active participation
from research institutions, the private sector, and
policymakers, solar fuel technology will become cost-
viable and deployed.
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As the possibility of limiting warming to 1.5°C vanishes
out of reach (UNEP 2019), accelerating the transition
to net-zero emissions has become an ever more urgent
concern. In the U.S., achieving net-zero emissions

by 2050 would require at least $2.6 trillion of energy
supply-side capital before 2030, and at least $10
trillion by 2050, in addition to comparable demand-
side investments (Larson et al. 2020). Thus, removing
barriers to the timely and efficient deployment of capital
to critical decarbonization and adaptation projects is of
paramount importance.

However, U.S. policymakers and multilateral
development banks have, domestically and in
international climate talks, repeatedly pushed a climate
strategy that prioritizes for-profit private capital and
restricts public financing of climate projects (Carney
2021; Aronoff 2021; Hook 2022). Under this strategy,
governments would merely encourage action from
private investors through fiscal incentives, regulatory
reforms, and early-stage risk-mitigating investments.

This would limit financing to important projects that
either face significant risks to profitability or cannot be
monetized, such as many infrastructure and resiliency
projects in developing nations, and the plugging of
inactive oil and gas wells in the U.S. (Kaminker,
Stewart, and Upton 2012; Tall et al. 2021).

A case in point is the “Billions to Trillions” plan: the
World Bank tried to attract reticent private capital
towards infrastructure and development projects in
developing nations but failed, attracting a measly
$0.37 of private capital for every $1 of deployed
public capital (Attridge and Engen 2019; Gabor 2021).
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Underpinning this strategy is the belief that money is finite
and public financial capacity constrained. U.S. Climate
Envoy John Kerry echoed this belief in recent remarks:
“No government in the world has enough money to solve
the climate crisis [...] There is only one place you find the
money we need in the trillions of dollars. That's the private
sector” (Hook 2022). But to what extent is this statement
true? Is our collective financial capacity constrained in the
face of climate change?

CURRENCY ISSUERS AND FINANCIAL CONSTRAINTS

Mainstream macroeconomics textbooks tell us that
governments finance their spending either through
taxes or borrowing from the private sector (Jones 2010).
This theory underpins the notion, held by Kerry and
other policymakers, that public finance cannot provide
the trillions needed for climate investment, which
necessitates the reliance on private capital.

In reality, nations, such as the U.S. (L. R. Wray 2015),

the U.K. (Berkeley et al. 2022), and Japan (Mitchell 2022),
that issue their own currencies, maintain flexible exchange
rates, and hold little foreign currency-denominated

debt and can pursue their policy goals with no financial
constraint. With its immense foreign exchange reserves
(over $3 trillion), China could be considered part of this
group of nations despite retaining tight control of its
exchange rate (L. R. Wray and Liu 2014).

When a currency-issuing national government spends,
it creates its own currency, through digital entries in the
banking system, and can purchase labor, technology,
natural resources, or anything else offered for sale in
its own currency, no matter the price (L. R. Wray 2015;
Mosler 2010; Kelton 2020). In other words, the U.S.
government can purchase anything offered for sale in
U.S. dollars, and the U.K. government can purchase
anything offered for sale in British pounds.

Unlike a household, firm, or local government, a
currency-issuing national government does not need

to first collect taxes or issue debt instruments to spend
(Bell 1998). In the U.S., this fact was recognized as early
as the 1940s by Federal Reserve officials (Ruml 1946;
Kaiser-Schatzlein 2020). Yet, taxes and public debt still
serve important purposes. Taxes, which can only be
paid using the government’s own currency, create and



regulate demand for this otherwise worthless currency,
while public debt instruments, such as Treasury bonds,
are primarily intended to regulate interest rates (L. R.
Wray 1998; Tymoigne and Wray 2013; L. R. Wray 2015).

THE INFLATION CONSTRAINT

Though facing no financial constraints, nations such as
the U.S. must contend with real economic constraints
imposed by the productive capacity of the economy and
the availability of underutilized labor, commodities, and
machinery. Running up against these constraints without
preemptive policy measures may lead to excessive
inflation (L. R. Wray 2015; Kelton 2020).

Inflation can be defined as an increase in the level of
prices across the economy. Fundamentally, the price
level is dictated, first, by the prices that the national
government, as the monopoly issuer of the currency,
pays when it spends, and, second, by all other prices
derived from markets through the interaction of supply
and demand, the relative power of buyers and sellers,

and the influence of government policy and institutions
(Levey 2021; Mosler 2023).

In practical terms, inflation may arise when the
government outbids the private sector for fully utilized
resources but could also be due to bottlenecks in supply
chains or in specific sectors, abusive price setting

by monopolies or oligopolies, supply-constraining
regulations, or geopolitical shocks (Kim et al. 2022;
Konczal and Lusiani 2022; Fullwiler et al. 2019). While
it is difficult to empirically quantify the price level, the
U.S. Consumer Price Index, a weighted average of the
prices of a sample of consumer goods and services, is
considered to be a useful approximation (Figure 1).

In the context of the U.S. transition to net-zero
emissions, pressures on the price level can arise from
delaying or blocking the buildout of critical infrastructure.
Case in point: high-voltage transmission lines, which
would bring cheap renewable electricity to high-
demand population centers, but can take over 15 years
to complete, largely due to a complicated and poorly

FIGURE 1: PERCENT CHANGE AT ANNUAL RATE OF THE U.S. MEDIAN CONSUMER PRICE INDEX BETWEEN JANUARY 1983 AND FEBRUARY 2023

PERCENT CHANGE AT ANNUAL RATE

U.S. recessions

Source: Federal Reserve Bank of Cleveland
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coordinated regulatory environment, lengthy permitting
processes, and conflicts over cost allocation and land
use (Klump and Behr 2021).

These transmission lines would ease a ballooning
nationwide backlog of renewable generation and storage
projects waiting to be approved for grid connection (Rand
et al. 2022; Bruggers 2022) (Figure 2), thus accelerating
the transition to a 100% emissions-free grid (Jenkins

et al. 2022). Without them, electricity prices in

sparsely populated regions with abundant wind and
solar resources can drop into negative territory, while
population centers in the Northeast and California pay
high prices for electricity from high-marginal-cost fossil
fuel plants (Malik 2022; Lazard 2021).

Pressures on the price level can also arise from excessive
costs and consistent budget overruns in the planning and
execution of climate projects. In this regard, the U.S. is
notorious for the excessively high cost of building high-
density housing, public transit, and energy and industrial
infrastructure, which has been attributed to a range of
factors from shortcomings in project management and

FIGURE 2: ELECTRICITY GENERATION AND STORAGE CAPACITY
SEEKING APPROVAL FOR GRID CONNECTION IN THE U.S. INCREASED
DRAMATICALLY BETWEEN 2015 AND 2021
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institutional structures (Goldwyn et al. 2023; Eash-Gates
et al. 2020), to the intensification of “Not In My Backyard”
citizen opposition empowered by local, state, and federal
regulations (Zullo 2023; Potter, Datta, and Stapp 2022;
Brooks and Liscow 2021). High project costs not only
diminish the impact of capital investments, but also
inflate the prices of the goods and services that these
investments enable.

MOBILIZING TRILLIONS WITHOUT INFLATION

The U.S. transition to net-zero emissions is projected to
only cost 1-5% of GDP annually (Nersisyan and Wray
2019; Larson et al. 2020). Maintaining price stability is
crucial to maximize the impact of every dollar invested
and to, more importantly, preserve and grow the political
support needed for the transition to succeed.

Historically, the main tool used to restore price stability
in the event of an inflationary shock has been interest
rate management by the Federal Reserve (Fed), but

this tool has proven over decades of trial and error to

be ineffective at best, and counterproductive at worst
(Papadimitriou and Wray 2021; Spross 2018; Sharpe
and Suarez 2015). Price stability can be more effectively
preserved through a set of targeted and preemptive
policy interventions, which are listed below from the
most benign to the most coercive:

Targeted Capital Allocation

Projects in communities and economic sectors with
the highest rates of underutilized labor and resources,
such high-unemployment communities, would benefit
from priority capital allocation (Hockett 2020). These
projects would have the greatest economic impact and
the lowest inflationary risk.

Targeted investments that increase productive capacity
or lead to a short-term deflationary impact could also be
prioritized to enable planned inflationary investments. For
instance, investing in the domestic capacity for mining
and processing critical minerals may reduce the costs

of producing electric vehicles and other clean energy
technologies (Serpell et al. 2020).
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Open Market Operations

The Fed regulates the price of money (i.e., interest rate)
by trading Treasury securities. Yet, equally, if not more,
important are the prices of labor (wages), energy, and
agricultural and mineral commodities. The Fed and

its regional banks could engage in trading in commodity
markets to mitigate volatility and counteract speculative
activity (Hockett 2022). Federal agencies with

relevant jurisdiction could also maintain buffer stock
programs similar to the Strategic Petroleum Reserve
(U.S. Department of Energy 2022).

In the case of labor, open market operations would
take the form of a job guarantee program that would
continuously develop lists of useful projects in
coordination with local governments and nonprofits and
hire anyone willing to work in return for a predefined
living wage and benefit package (Tcherneva 2020;
Hockett 2019). If designed well, it could eliminate
involuntary unemployment, set the minimum standard
for labor remuneration, and act as a powerful
countercyclical economic stabilizer. Versions of this
program were implemented in Argentina and India with
largely positive outcomes (Azam 2011; Kostzer 2008).

Targeted Bond Sales

Treasury bonds with attractive returns could be offered
for sale in localities at risk of inflationary pressures.
These bonds would drain private savings, thus reducing
consumer demand for the goods and services needed
for climate projects. To streamline these bond sales,
Congress could allow all U.S. residents, firms, and
local governments to hold deposit accounts directly

at the Fed (Omarova 2021; Hockett 2020). This reform
would foster financial inclusion, greatly streamline
transactions, and support the development of digital
ledger technologies (Hockett 2020).

Corporate and Financial Regulation

A broad financial regulatory toolkit that goes beyond
interest rate management could be employed to constrain
credit growth and reduce speculation, both in the
aggregate and in discrete sectors (Tankus 2022).
Additionally, effective enforcement of corporate
regulations, especially antitrust laws, would mitigate
price collusion and the undue price-setting power of

large market players, which can be significant drivers of
inflation (Greeley 2019; Konczal and Lusiani 2022).

Regulatory and Institutional Reform

To enable the completion of climate projects at lower
cost and in shorter time frames, the U.S. has to engage
in a politically fraught reform of permitting and zoning
regulations at the local, state, and federal levels. An
important potential target for reform is the environmental
review process mandated by the National Environmental
Policy Act of 1969 (NEPA) and equivalent state laws,
which have consistently inflated the timelines and costs
of projects through drawn-out litigation and administrative
procedure (Potter et al. 2022; Hart and Tsang 2021).

Two components of a NEPA reform might be to first
constrain the scope and time limit of lawsuits that a
proposed project may face, and second, designate,
through a broad time-limited consultative process,
geographic areas that allow streamlined litigation-proof
permitting for specific categories of projects that meet
a set of pre-defined specifications.

Another approach to reduce project costs is to improve
institutional coordination and project management
practices. This may include setting up a federal-level
agency that coordinates large projects across state and
local jurisdictions (Hockett 2020), and strengthens in-
house technical, legal, and management expertise within
public agencies to improve the oversight of contractors
and minimize the use of expensive consultants (Goldwyn
et al. 2023).

Price Controls

During World War Il, the U.S. introduced a system of
rationing and price controls overseen by the Office of
Price Administration to manage the prices of resources
needed for the war effort (Jacobs 1997). To mobilize
resources for rapid decarbonization and adaptation,
price control systems may be established not only to
prevent price gouging in critical sectors, but also to
release resources from private use while protecting
living standards.

One such system, arguably “the most powerful anti-
inflationary tool the government has” (Galbraith 2022),
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is a publicly-funded single-payer health insurance
program such as Medicare for All. It would not only yield
widespread social and health benefits, but would also
have a deflationary impact equivalent to 2.6—3.7% of
GDP (Nersisyan and Wray 2019), thus wresting many
thousands of workers and immense resources from the
current multi-payer system, so they can be shifted to
productive climate projects.

Targeted Taxation

Taxes drive demand for the sovereign currency, and
can thus be used as a potent, albeit coercive and
unpopular, tool to decrease purchasing power in
targeted localities or sectors of the economy. Taxes
could also be used to discourage polluting activities
(e.g., carbon tax) or speculation in financial markets
(e.g., financial transaction tax) (Hockett 2020).

CONGLUSION

Transitioning to a net-zero emissions economy will
require the timely deployment of trillions of dollars to
transform our carbon-intensive modes of production and
consumption. Nations such as the U.S. that issue their
own free-floating currencies face no financial constraint,
but must contend with a binding price stability
constraint which can be managed through targeted
policy interventions such as open market operations,
price controls, regulatory and institutional reform, and
taxation. Though our collective financial capacity may be
unlimited, we are limited by the availability of labor, land,
commodities, and technology, as well as by our ability

to regulate and coordinate their deployment in a manner
that preserves price stability while matching the urgency
of the transition.
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PURSUING EQUITABLE EV CHARGER
DISTRIBUTION IN RICHMOND, VA

Derek Jones
Master of Environmental Studies Candidate

High up-front costs have created an EV market where,

in general, ownership is limited to upper-middle-class,
white communities. As a result, the associated EV charge
infrastructure has been placed geographically where EV
adoption and/or charger demand are relatively high. This
makes logical sense: why place an EV charger where it is
unlikely to be utilized?

However, several issues related to social and technological
inclusion arise from the uneven distribution of EV

charge infrastructure. Furthermore, current policies in
heavily urbanized environments make it challenging—
oftentimes impossible—to own a personal EV charger,
especially if you are a renter. An equity issue related to
charging access is forming in the city of Richmond.

A continuation of this trend would exclude disadvantaged
communities from feasibly participating in what many

would argue is a foregone conclusion in America,
the electrification of our automobile fleet.

Beyond this, refusing to take an active role in the EV
transition would unnecessarily hinder Richmond's 2050
climate goals. RVAGreen 2050 set the achievable target

of a “45% reduction in greenhouse gas emissions by 2030,
below 2008 levels, and net-zero emissions by 2050."

Of Richmond's greenhouse gas emissions, roughly 30%
comes from transportation (RVAGreen 2050 2022).
Therefore, Richmond should take steps to foster equitable
EV charger distribution as a means to contribute to the
decarbonization efforts stated in RVAGreen 2050.

CHALLENGES AND SOLUTIONS

Technology Challenges

Charger Type

The main types of chargers used today are Level 1,

Level 2, and Direct Current Fast Chargers (DCFC)
(Moloughney 2021). DCFCs are by far the most attractive
for consumers due to their fast charge times. However,
they are currently the most expensive and can cost up to
$40,000 per unit (Moloughney 2021). On the other hand,
Level 2 chargers present a cost-effective option that is
viable for Richmond and palatable for consumers.

FIGURE 1: COMPARATIVE INFRASTRUCTURE REQUIREMENTS OF A POLE-MOUNTED AND GROUND-MOUNTED CHARGE
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Notes: a) depicts the infrastructure setup for a utility pole-mounted EV charger; b) depicts the infrastructure necessary for a ground-mounted EV charger. The PMC option requires much less
infrastructure and avoids extensive construction work such as trenching or the installation of concrete bases.

An image from the World Resources Institute depicting the differences in infrastructure requirements for pole-mounted vs. ground-mounted EV chargers. The pole-mounted charger capitalizes on
pre-existing electricity supply, transformers, and developed municipal land, making them suitable for heavily urbanized environments (Werthmann and Kothari 2021).
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An elegant solution that offers maximum utility and
cost savings is the pole-mounted charger, which

is simply an EV charger mounted to a utility pole or
streetlight. Pole-mounted chargers offer several unique
benefits over traditional ground-mount chargers in
urban environments. Most notably, they require far

less infrastructure and investment to install. The World
Resources Institute estimates a 55-70% installation
cost savings on average when compared to ground-
mounted systems (Werthmann and Kothari 2021)

Policy Challenges

Zoning Ordinance

The first policy challenges that many urban EV owners
encounter are zoning ordinances, which prohibit running
an electrical cord across the sidewalk onto the street,
since this would obstruct the public right of way as well
as create obvious safety concerns. Rather than amend
this policy, one solution that is proposed would be to
implement adequate public, pole-mounted charging
access. Just as gas car drivers are not required to
invest in private fuel reserves, EV owners should not be
required to own charging infrastructure.

Renters Are Being Left Behind

However, the fact of the matter is charger ownership is
still necessary due to a lack of robust, public charging
networks. This excludes renters, who are unable to
make any upgrades or modifications to their unit without
a landlord’s approval. In disadvantaged communities,
landlords are often not willing to upgrade their units

for fear of increasing property values, thus increasing
rents. This relates to equity in Richmond, as in any
neighborhood that rates above a 5/10 in overall social
vulnerability using RVAGreen 2050's climate equity
screening tool, a greater than 50% renter population can
be observed (RVA Climate Equity Index 2022).

In the current situation, renters would almost entirely

rely on their landlord to install some sort of charging
solution, which is a proposition that is neither required by
law nor incentivized heavily enough to be a reasonable
expectation. This decreased capability for renters to invest
in private charging discourages EV adoption and further
emphasizes the need for adequate public charging.
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FIGURE 2: CENSUS TRACKS WITH A HIGHER PERCENTAGE OF RENTED
HOUSEHOLDS ALSO HAVE GREATER SOCIAL VULNERABILITY
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Public Charging

An issue immediately encountered when discussing
public charging is who owns the actual charger.

The operation and maintenance of the charger itself
for the years after installation is one reason why

utility ownership may be optimal. Dominion Energy
(Virginia's largest utility) already has a workforce that
can be deployed to maintain chargers. An average 2-3
million person utility stands to gain $1.8-2.9 billion of
increased value as a direct result of EV deployment
(Baker et al. 2019). This means in theory Dominion,

a utility with as many as 9 million customers, likely
already possesses the means to expand their EV-
related workforce.

The efficacy of this model has already been demonstrated.
For example, nearby in Charlotte, NC, a public—private
effort between UNC Charlotte, the city of Charlotte,
Centralina Regional Council, and Duke Energy recently
installed the city’s first pole-mounted charger. The
project, titled PoleVolt™, is funded through the U.S.
Department of Energy’s Vehicle Technology Office.
Duke Energy owns most of the streetlight poles in the

&
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state, which are further managed by internal committees.
These committees must approve the use of the pole for

a charger. Additionally, PoleVolt used equipment and a
cloud-based smartphone app which were both developed
at the University of North Carolina—Charlotte’'s EPIC lab.
More deployments across the city are being planned
currently (Duke Energy News Center 2022).

GENERAL RECOMMENDATIONS

In general, the first step in promoting EV charger
distributional equity should be to incorporate Equity
factors into any EV charger site planning conducted

by the City of Richmond. A recent Argonne national
laboratory study (Kuiper et al.) compared equity factors
such as education level and income with transportation
factors and highway corridor location in order to
determine where in a disadvantaged community a
charger should be placed to maximize usage.

While the equity site modeling literature is in its infancy,
studies that correlate equity factors with existing
transportation data represent a step forward in local
government thought processes. Rather than waiting for
the perfect solution, Richmond should adopt and build
upon a site planning strategy that incorporates equity
considerations at the earliest possible stage of planning.

Beyond site modeling, EV-friendly policies need to be
passed in Richmond. An optimal starting point would be
amending current building codes. Examples of existing
policies are Portland’s “EV Ready Code Project” and
Boston's “EV Readiness Policy.” These policies require
EV chargers and/or charge readiness in a minimum
percentage of parking spots for all new, multi-unit
dwelling (MUD) builds. Richmond should adopt a
similar policy that prepares the city for the eventual
mass deployment of chargers.

While the above policy suggestion presents a necessary
step for EV adoption as a whole within Richmond, it
would only apply to new buildings. This type of policy
alone could further exclude disadvantaged communities,
where new builds are less prevalent. Because of this,
Richmond should heavily incentivize charger installations
on existing MUDs as well. These could take the form

of tax incentives or direct compensation for installation
and could be funded entirely with federal dollars. These
benefits could be synergized with the existing Dominion
“Smart Charging Infrastructure Program” in order to
cover the majority of costs for EV charger installation on
existing MUDs.

Finally, Richmond should develop a 3-8 charger pilot

of pole-mounted, public chargers in disadvantaged
communities where there is a lack of current charge
infrastructure. An interdisciplinary implementation team
(similar to the Charlotte, NC example) should be created
to ensure this project is conducted thoroughly. Federal
funding from the American Rescue Plan, Infrastructure
Investment and Jobs act, and the Inflation Reduction Act
should be leveraged, as they are intended specifically for
projects such as this.

CONCLUSION

While the up-front cost of EVs is anticipated by many to
drop as a result of plummeting battery prices, the lack
of a robust charging network will remain a barrier to EV
adoption, especially in disadvantaged communities.
Because the current EV landscape is not conducive to
distributional equity of chargers, EV feasibility among
disadvantaged communities and renters is being limited.
Because of this, the city of Richmond must actively
pursue EV charger distributional equity through creative
policy design. Unlike so many infrastructure projects of
the past, equity should be factored in at the very outset
in order to ensure equal opportunity and the overall
feasibility of EV adoption for all Richmonders.
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THE CHINESE ESG OPPORTUNITY

Zachary Vlessing
Bachelor of Political Science (23),
Bachelor of Economics ("23)

There is little doubt that China has world-leading
aspirations when it comes to combating climate change
and leading the world's energy transition. Its investment
in renewable energy has more than doubled the United
States or any of its competitors in the past decade, and
President of China Xi Jinping's commitment to peaking
emissions by 2030 and net-zero by 2060 represents the
most ambitious national climate change commitment to
date (Wu 2021). Yet, although the Chinese Communist
Party (CCP) has a clear vision to lead their country into a
new energy frontier, businesses within China still have a
lot of catching up to do in aligning their goals with these
national and societal aspirations.

China continues to lag much of the world, particularly their
western counterparts, in adopting best practices in non-
financial accounting of crucial metrics in sustainability
and social impact. These environmental, social, and
governance (ESG) metrics are important because they
offer one of the few market-oriented solutions available

for “socially conscious” investors to direct capital toward
firms with better sustainability records.

Engineered as a financial tool, ESG scores disclose
societal measures such as emissions intensity, labor
practice, wages, and other societal impacts. In many
cases, these ESG scores can be synthesized into large
exchange-traded funds or mutual funds that include
ESG screens that remove poorly rated ESG companies
from the index and overweight high ESG performers.!

The explosion of interest in environmental, social,
governance (ESG) investing and the need for company
level disclosure have spurred increased development
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from governments to guide corporations on how to
measure these metrics. While Western companies and
governments are racing to develop better reporting

of this crucial data, China has lagged behind in both
developing the frameworks and performance on ESG
metrics. It continues to place near the bottom of MSCl's
All Country World Index, where it ranks 47th out of 50
countries on ESG performance in 2021 (Zhang 2021).

Yet the standardization of these metrics across the
world is still in its early stages. In the coming decade,
China has a unique opportunity to translate its climate
leadership position and strong regulatory apparatus to
implement some of the strongest ESG requirements in
the world in pursuit of their 2030 and 2060 goals.

HISTORY OF CHINESE ESG PRACTICES

Within China, early developments in non-financial
accounting were largely fragmented and voluntary. The
first guidance in China about non-financial reporting came
in 2005, with Shenzhen Stock Exchange releasing its
“Social Responsibility Guidelines for Listed Companies,”
encouraging companies listed on their exchange to
publish annual Consumer Social Responsibility reports

on a voluntary basis (China Briefing 2020).

This was followed up with by the Chinese State
Environmental Protection Administration adopting
“Measures for the Disclosure of Environmental
Information” in 2008 and later in 2016, when a group
of seven government authorities, including the People's
Bank of China and the China Security Regulatory
Commission (CSRC), issued the Guiding Opinions on
Building Green Finance System.

However, it took until 2018 for the CSRC to clarify that
listed companies “have the responsibility to disclose

ESG information,” and until 2020 for the People’s Bank of
China to trial guidelines which spelled out the framework
and content for specific financial institutions to disclose
environmental information (China Briefing 2022).

The last 3 years have proven to be a major turning point
for ESG around the world and in China. In Asia, a study

1 Of course, while investment dollars and increased awareness toward ESG can cause real climate action, the cumulative effects that ESG has on shareholders and companies is dwarfed by high polluting industries whose

core pursit of financial profit remains unchanged. For climate change, the environmental component of ESG should be seen as a strong incentive to adopt green practices but not as a feasible solution to cut emissions

which our world so desperately needs to tackle global warming
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by RBC found that Asian institutional investors have nearly
doubled their use of ESG factors between 2019 and 2021
(RBC Global 2022). This has translated to an increase

in both voluntary reporting from corporations as well as a
strong demand for laws that mandate ESG reporting.

From 2009-2020, annual ESG reports from Chinese
A-share companies jumped from just 371 companies

to 1,021 companies, representing more than a quarter
of A-share companies on the main Chinese stock
exchanges (China Briefing 2022). The same is true on
the investment side, which has seen ESG tracking funds
surging in popularity, with 48 new ESG products being
released just in 2021, nearly eclipsing the total of the
previous five years combined.

Additionally, in December 2021, the Ministry of
Environment released its “Measures for Enterprises to
Disclose Environmental Information by Law” requiring
certain enterprises to disclose environmental information
if they are key pollutant-discharging enterprises or
enterprises that issue bonds, corporate bonds, and
debt financing instruments for non-financial enterprises
(Ministry of Ecology and Environment 2021).

This marked the largest scope for mandatory
environmental accounting in China, paving the way
for future regulation to encompass more industries
and broaden the scope into other ESG criteria.

CASE STUDY OF SUCCESSFUL ESG LEADERSHIP IN CHINA:
JO LOGISTICS

JD Logistics, the logistics and distribution arm of
ecommerce giant JD.com, is one of the largest players

in China to take sustainability and ESG factors seriously.
In 2017, it launched the “Green Stream Initiative,” which
funded a massive sustainability-oriented overhaul of the
company’s supply chain. Through this $1 billion RMB
investment, it deployed over 5,000 new electric vehicles,
shifted to a reusable delivery boxes system, and reduced
its packaging carbon footprint. As a result, it has reduced
at least 120,000 tons of CO, emissions per year and built
an additional 1,600 charging stations to support energy
vehicles (Arisaig Partners 2021, JD.com 2021).

These actions are not just a result of internal social
responsibility, but heightened expectations from

investors and corporate management that JD is prioritizing
ESG issues. However, there is little indication that they
were influenced by regulatory requirements to implement
these aggressive ESG targets, highlighting the potential
for the Chinese government to connect the organic
growth of the industry with their own agenda to lead in
the green transition.

The ESG Letter from the Chairman states, “We will
continue improving our ESG governance structure and
system, enhancing regulatory and legal compliance,
information security, and operational safety, therefore
responding better to external stakeholder expectations
while realizing internal growth.” More than ever, large
corporations like JD are listening to ESG investors and
consumers by making the dynamic shift to embrace
ESG considerations in response to stakeholder demand.

REMAINING CHALLENGES IN ESG

While the demand and corporate level action is
widespread, standardization in the ESG accounting
field has hampered the growth of ESG data and
prevented comparability within the market. Mandatory
environmental reporting is still limited to only a subset

of corporations, while social and governance standards
still have little guidance from regulatory officials. There
is still no unified ESG information disclosure standard
for domestic listed companies despite the large demand
and voluntary reporting that so many of them do today.

Many private ESG rating providers have emerged to

fill in the gap, including Wind, Syntao Green Finance,
RANKINS, and CSR Ratings (Zhang 2022). However,
the general reliability of data and lack of government
regulation call into question how these scores are
constructed. Lastly, since much of the ESG investment
is coming from international investors, there still remains a
language and cultural barrier in verifying ESG outcomes
and standards on which variables should be included for
ESG scores.

One major distinction between the Chinese economic
system and its international counterparts are the use
of ESG factors as a driver of shareholder activism.
Shareholder activism refers to the activities of large
shareholders to influence a corporation’s behavior
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through gaining board seats or mounting shareholder
resolutions to alter company strategy.

In Europe and especially the United States, shareholder
activism has been one of the strongest drivers of ESG
growth. One of the largest examples was Engine 1,
which won three board seats on Exxon Mobile's board
in support of pushing a climate focused strategy for the
oil producing giant (Lim 2021). However, the Chinese
market is structured to prevent such significant action.
Namely, President Xi Jinping has led an aggressive
push to have all companies with more than three party
members be required to set up an in-house party
committee within the board, in which the committee
takes on the “core leadership role.” At the end of

2015, only 50% of companies had party committees
compared to over 70% by the end of 2017, with pundits
predicting that Xi will soon expect all public companies
to have party committees (Kodaira 2019).

This de-facto structure of boards hand-picked by the
government shuns the likes of corporate activists, as
any attack on the board would be attacking the party’s
governance committee itself. Thus, while ESG reporting

has gained steam, ESG-led shareholder activism has not.

A PATH FORWARD: CHINESE ESG LEADERSHIP

At its best, ESG is a method of measuring and
eventually pricing in societal externalities. With China’s
grand ambitions to be a climate leader, ESG offers an
important vertical to bring transparency not just to the
environmental actions of companies but other societal
harms as well.

While China has lagged behind the West in developing
the right frameworks and transparency around ESG, it
has both the regulatory strength and political will to be
a leader in this arena. Many China-based experts on the
topic expect a large direction on the topic within 2022
and cite Covid as a major delay in reaching consensus
on the issue earlier (Wilson 2021).
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Chinese leadership can be secured by legislating
two crucial issues within ESG. The first is that they
must utilize ESG systems that are in line with the
Global Reporting Initiative (GRI) and newly formed
Value Reporting Foundation (VRF), the two largest
international organizations for how companies
communicate and report non-financial information.
GRI and VRF compliance is essential to promote
cross-border ESG investing and for China to become
an internationally recognized leader.

The second guideline is that ESG reporting must be
mandatory for all publicly listed companies in order to
create ubiquitous coverage. ESG only works when alll
actors participate and provide transparency of their
non-financial actions. A strong regulatory requirement
also removes the need for Western concepts of
shareholder activism since the loudest voice for societal
responsibility in China is the government and through
clear reporting can intervene against harmful business
practices. These two actions would catapult China to
the top of leading global ESG regulation and adoption,
paving the way for more private capital being funneled
to sustainable business models that meet their 2030
and 2060 climate commitments.

&

For bibliography, visit:
kleinmanenergy.upenn.edu/spark


https://kleinmanenergy.upenn.edu/spark

26

GOULD A GARBON-BAGKED
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Before COP26, at least a fifth of the world's largest
2,000 companies had made some sort of “net-zero”
pledge (Diab 2021). However, many net-zero pledges
are empty promises—with limited disclosures and a

lack of inclusion of Scope 3 emissions. Additionally, the
net-zero term is extremely misleading as many claims
are made utilizing faulty data (Mooney 2021). Without
adequate oversight, many of these net-zero pledges may
amount to nothing more than PR strategies rather than
actual emission reductions.

NET-ZERO BACKGROUND

“Net zero” is defined as having sufficient offsets to
compensate for carbon emissions (Oxford Net Zero
2022). There are essentially two ways to achieve net-zero
emissions: reduce emission levels, or invest in actions that
reduce the level of carbon dioxide in the atmosphere.

In reality, many companies choose the second method.
Many of these investments made are in carbon sinks, but
there is not enough land and trees in the world to absorb
the emissions of big companies and governments
(Gerhardt 2021). The result of this system is a multitude
of companies making undisclosed claims about
reducing their carbon footprint without any verification

or evidence. A potential way to combat this is to get

rid of the net-zero emissions system and instead use a
carbon-backed cryptocurrency incentive system.

WHAT IS A CARBON-BACKED CRYPTOCURRENCY?

A carbon-backed cryptocurrency is a proposed digital
global ledger that would help direct funding toward the
mitigation of greenhouse gas emissions. Many different
ideas regarding what this carbon-backed cryptocurrency
would look like have been explored, but this article will
cover one that encompasses the following:

1. A carbon-backed cryptocurrency would be
“mined” by reducing emissions. Any project that
decreases a company’s carbon emissions would
be verified according to the parameters of a smart
contract. If the claims are found to be true by a
platform of trusted technologies, the smart contract
will automatically issue a token.

2. One token would be associated with some fixed
amount of captured or avoided CO, (ie. one
carbon-backed token = one metric ton of CO,
mitigated for a century). This would allow for the
value of the carbon-backed token to be reflective
of the severity of climate change.

3. Parties who verify the alleged emission
reductions would be incentivized to receive
fractional shares of a carbon-backed token
for each project verified or refuted. Verification
parties would be motivated by the tokens they must
stake to accurately evaluate submissions.

PLATFORM OVERVIEW

Figure 1 provides a high-level overview of the
submission process for organizations to join the
network and begin making submissions.

First, any entity that wishes to participate in the rewards
program must register using their EIN or equivalent
identification number on the platform website. Completing
this form adds the organization’s data into an “account”
smart contract that contains a boolean state initialized,

or “trained,” to false. All possible function calls in the
contract (i.e., functions that take in emissions data) are
unavailable while this trained state is false.

After the creation of an account contract, a representative
from the organization must participate in an online
training program designed to fully educate on the
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FIGURE 1: HIGH-LEVEL OVERVIEW
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reporting requirements and specifications for Scopes
1, 2, and 3 emissions—similar to the ones provided by
the Greenhouse Gas Protocol (Russell 2019).

Upon completion of the training, the representative
must pass an online administered assessment on the
platform website. The user must be logged in to take
the assessment and thus upon successful completion,
the account contract updates the trained boolean to be
true: allowing access to the submission of data and the
receiving of rewards.

In order to submit data, the recipient must select one of
the standardized emission reports currently supported
by the platform. The platform would ideally support
internationally recognized emission reporting formats
such as:

1. Carbon Disclosure Project (CDP): a platform
that allows companies to report carbon
emissions on top of other environmental data
with a standardized format.

2. Global Reporting Initiative (GRI): a framework for
organizations to report on sustainability performance.

3. ISO 14064: a framework for greenhouse gas
accounting and reporting.

e
Staking and v
rewards cycle
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Many of these investments
made are in carbon sinks, but
there is not enough land and
trees in the world to absorb the
emissions of big companies
and governments. The result
of this system is a multitude of
companies making undisclosed
claims about reducing their
carbon footprint without any
verification or evidence.
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4. Greenhouse Gas Protocol (GHG): a standard for
measuring and reporting greenhouse gas emissions.

5. EU Emissions Trading System (ETS): mandatory
carbon trading platform in the European Union (EU)
that requires participating organizations to report
emissions in a standardized format.

GHG Protocol and ISO 14064 are good starting points
for receiving internationally recognized, consistently
formatted documentation with the capacity to expand to
accept other formats as well. After logging in, the user
can select a report standard and submit the document
as a PDF through the website.

Upon submission, verification parties composed of
emission reporting companies already in operation that
registered as verifiers on the network are then able to
vote to approve or reject submissions depending on the
format, industry, or other criteria. The specifics of voting
are discussed in subsequent sections.

BENEFITS OF A CARBON-BACKED CRYPTOCURRENCY?

The main benefit of using a blockchain-based
cryptocurrency to manage emission reductions is
transparency. The transactions on the token'’s blockchain
would be entirely open source so anyone can view

the transactions. This would allow anyone to see what
changes a company implemented to receive a carbon-
backed token.

Because a company’s claims must be verified, companies
will be incentivized to make real emission reductions and
offsets which can include Scope 3 offsets depending on
the way the smart contract is implemented.

Replacing net-zero pledges with a carbon-backed
cryptocurrency would shift the focus of companies
from convincing people that they have made changes
to actually documenting reductions in exchange for
financial incentives.

Replacing net-zero pledges
with a carbon-backed
cryptocurrency would shift
the focus of companies
from convincing people that
they have made changes
to actually documenting
reductions in exchange for
financial incentives.

An Issue with the Valuation

A major determinant of whether a carbon-backed
cryptocurrency could succeed depends on the
methodology of its valuation. One popular proposal
is for central banks to manage the rate of conversion
to appreciate annually (Aston 2021). This way, the
token is a sound investment for companies to acquire
as a means of funding their conversion to sustainable
business models.

However, this system would require a high level of
government involvement to set the coin’s target value
over time. This centralized agency would have to outline
the parameters for the smart contracts, describing

what specific evidence is needed to earn a token. Over
time, this may result in instability due to being reliant on
different governments’ and administrations’ views on the
importance of carbon emission mitigation.

A decentralized carbon-backed cryptocurrency that
reflects humanity’s desire for reduced net emissions
would be a better alternative than one solely regulated
by government authorities.
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A Decentralized Carbon-Backed Token

A major difference between a government-centralized
cryptocurrency and a decentralized one involves the
supply of the coins. For a decentralized cryptocurrency
model, the number of total carbon-backed tokens that
will ever be mined would be fixed to maintain scarcity
and allow the market to determine the price according

to demand, competition, regulation, and news or PR
developments related to decarbonization. In a centralized
cryptocurrency model, there would be no need to
determine a fixed number of carbon-backed tokens since
their value is declared by government authorities.

COIN SUPPLY

A fixed supply of two billion carbon-backed tokens
would encompass the Paris target for one billion tons

of CO, mitigated by 2025, while allowing for future
reductions as well. Supply would be managed through
two means of acquiring coins: Decentralized Exchanges
(DEX) and Carbon Bonds.

DEX's which would allow everyday people to obtain
carbon-backed tokens that have been traded into the
network through either corporations or miners. The
tokens obtained through DEX's do not hold value as
a direct carbon emission reduction—solely the value
determined by the market’s perceived value of verified
carbon emission reductions.

Carbon Bonds are obtained by corporations looking

to submit evidence of a carbon emission reduction in
exchange for carbon-backed tokens. (One token would

be set to equal one thousand tons of CO, mitigated for a
century). The key point here is that the token would only
operate through carbon emission reductions, rather than
emission offsets. This would, in turn, motivate corporations
to reduce their current emissions from operations rather
than offsetting them through carbon sinks.

PoS & PoW VERIFICATION MECHANISM

The verification mechanisms behind a carbon reduction
cryptocurrency would run on a network utilizing Proof of
Stake (PoS) combined with an atypical Proof of Work
(PoW) analogy.
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The submission of carbon bonds themselves—that

is, the act of manually reducing emissions of an
organization’s operations, is analogous to the “mining”
in bitcoin. Organizations are essentially providing
documentation on the work completed (that most likely
have underlying costs and restructuring) in exchange
for these carbon bonds.

Upon the submission of a carbon bond, third-party
verification partners use trusted technologies to assess
and authenticate projects. This would encompass
checking the existence of similar previous transactions
to ensure there is no double-counting.

The key concept is to create a self-balancing verification
system. These third-party verifiers would be awarded

a fractional share of a carbon-backed token for each
transaction verified or rejected, to promote accurate
verification. This verification reward system allows

for greater circulation of carbon-backed tokens in
decentralized exchanges.

Developing a community of verifiers is essential to
the success of a decentralized carbon-backed token.
However, oftentimes these verification communities
can become oversaturated or too niche. By having
multiple verifiers assigned to a bond submission, only
the verifiers in the majority decision are rewarded and
only those blocks which are verified by the majority are
mined and added to the blockchain. Furthermore, to
put up their verification response, these parties must
stake a fraction of the coin. This creates an incentive
for an accurate answer, while ensuring those who are
incorrectly verifying projects get penalized. The lost
stake would go towards offsetting the reward.

Suppose we have 50 verifiers for a steel manufacturing
plant submission. If 30 approve the transaction and

20 reject them, at the stake of .001 tokens each, the
majority consensus is to approve the transaction and
validate the block as the latest in the chain.

Thus, the 20 validators who rejected the submission
would lose a combined 0.02 “carbon-backed tokens”
which would then get distributed to the correct
validators as an additional award on top of transaction
fees. The result of this is to create a heavy incentive

in becoming a validator, whilst creating a network of



30

validators in which becoming a malicious node is too
costly with a PoS mechanism.

In the event a validator supposedly wanted to alter the
data in a block to change the validation response, the
blockchain would remain resilient as long as 51% of
the chain remained decentralized.

COIN DEMAND

The decentralized carbon-backed token is not
envisioned to serve as a medium of common exchange.
Rather, its goal is to attract the attention of investors

in renewable infrastructure and allow individuals or
corporations to seek benefits from reducing carbon
emissions regardless of the government they operate in.

The focus of a carbon-backed token's demand would be
imagined to shift based on public perception of climate
change and geopolitical considerations. For example,
Sweden is one of the most sustainable countries on

the planet; thus, many corporations there can develop
strong emission reduction strategies. To further reduce
emissions by 2045, it can be envisioned that many
corporations would seek to obtain the benefits of a
carbon-backed token incentive—since they are already
prioritizing emission reductions.

On the contrary, countries like India, which suffer from the
greatest levels of pollution, could be motivated to capture
these carbon-backed tokens to further fund renewable
infrastructure and promote development. Aiming to obtain
carbon-backed tokens provides economic benefits to
struggling nations seeking to tackle climate change

and economic issues simultaneously. There have been
numerous instances where countries that welcome
cryptocurrency networks reap economic benefits; a
carbon-backed cryptocurrency would help with economic
development while democratizing carbon emission
reductions (Nabben 2022).

There have been numerous
instances where countries
that welcome cryptocurrency
networks reap economic
benefits; a carbon-backed
cryptocurrency would help
with economic development
while democratizing carbon
gmission reductions.

CLOSING THOUGHTS

A decentralized carbon-backed cryptocurrency has

the potential to fuel carbon emission reductions while
providing long-term benefits to corporations’ and
countries’ climate goals. However, more research needs
to be conducted regarding the specific implementations
of such a cryptocurrency. This article holds the purpose
of introducing some high-level ideas and promoting
healthy debate.
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