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The Future of 
Transportation and the 
Climate Change Industry

As the climate change industry enters 
2023, what developments of 2020-

2022 have changed the outlook for what 
we at CCBJ call the industry of the 21st 
century? Global emissions of greenhouse 
gases rebounded from the recession year of 
2020 brought on by the coronavirus pan-
demic to reach historical highs in 2021 
and 2022 (see pages 8-11). This result was 
not entirely unexpected, but is somewhat 
disappointing nonetheless to those hoping 
that global emissions would be closer to 
leveling off or even declining in the decade 
of the 2020s. Emissions from power gen-
eration have fallen in the greatest propor-
tions due to the decline of coal and ascent 
of wind & solar, and notable progress is 
under way in industrial energy, but far too 
little progress has been made in buildings, 
land use and transport—the focus of this 
trend and data segment review in CCBJ. 

In transport, using figures for the USA,  
the latest comprehensive data on vehicle-
miles traveled for the year 2021 showed an 
obvious increase from the covid-restricted 
2020 year, but only marginal increases and 
decreases in road travel modes, although 
still a notable decline in air miles from 
2019. U.S. Dept. of Transportation data on 
U.S. Vehicle-Miles Traveled summarized 
by CCBJ on the table on page 4 makes 
it clear that moving people and freight 
around is not about to diminish. 

But the future of modes of transport, 
their power sources, emissions profiles and 
lifecycle environmental footprints remain 
very much in question. Transportation is 
perhaps the most dynamic and multi-fac-
eted major segment of the energy transi-
tion and the climate change industry.  
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CLIMATE CHANGE BUSINESS JOURNAL
Visions of the Future of 
Transportation

Two of the most stirring images of the 
future of transportation come thanks to 
the glory of American television media. 
The iconic Hanna-Barbera cartoon of the 
1960s entitled The Jetsons depicted a fu-
ture of flying glass bubble cars with little 
platforms and feet that would pop out at 
your command allowing you to zip around 
in the air and stop wherever you wanted. 
But an even more signature form of trans-
portation that was created by another glo-
rious product of American television called 
Star Trek depicted human beings decom-
posed into fragments of light and being 
magically transmitted from ship to planet 
in a manner of seconds where they would 
recompose poised on the planet ready for 
action. 

Today’s American Consumer, however  
has no real short-term expectations of ei-
ther of these contrived fictional futures. 
The open road and the gas powered engine 
cranking on 8 cylinders flying down the 
highway is a difficult ethos of Americana 
to threaten—and one day to top. Tesla 
set the EV bar early with improved per-
formance in the all important category of 
zero-to-sixty, but electric vehicles still have 
a long way to go to capture the hearts and 
minds of middle America as inspired by 
Roger Miller’s ‘King of the Road’ and Wil-
lie Nelson’s ‘On the Road Again’ and other 
country music ballads celebrating the free-
dom of the open road.

The Specter of Socialized 
Transportation

On the other side of the coin of the 
open spaces of the open road, lies the spec-
ter of socialized transportation. If social-
ized medicine is the ‘third rail of American 
politics’, then socialized transportation fac-
es similar resistance. American sociological 
and economic circumstances have created 
a still embedded resistance to the social-
ization of medicine. This concept is widely 
accepted in perhaps the United States of 

America’s most neighborly nations, the 
United Kingdom and Canada. In each 
case both of these countries have national 
health service entities that have been both 
lauded and criticized—and will always be 
under scrutiny of the public that pays for 
its services with its taxes, and the profes-
sional medical establishment that needs a 
viable and sustainable economic model to 
provide incomes to their professionals.

What could be loosely described as so-
cialized transportation can be examined in 
the history of public transport in the form 
of horse carriages, buses, street cars, and all 
forms of rail transportation. One could ar-
gue that these cannot really be called social 
transportation as most of the services have 
not been provided to the populace at no 
charge. Although almost universally sub-
sidized, public transit usually demands a 
user fee from the consumer. 

A few municipal jurisdictions have ex-
perimented with and continue to consider 
making public transit free to the entire 
populace—a recent example was proposed 
by a new mayor for the Los Angeles Met-
ro. Many progressive leaders believe the 
social value of more engaged and consis-
tently utilizing segments of the population 
will build a greater community foundation 
for supporting the infrastructure expan-
sions required for more universally avail-
able public transport. Similar support and 
engagement will be required for the step 
further of a more radical transition to a 
networked transportation system, requir-
ing individual vehicles that are integrated 
and networked into digital systems in ur-
ban areas for efficiency and safety. This also 
creates a need for greater uniformity in ve-
hicle design, manufacturing and informa-
tion technology — something not always 
consistent with the pursuit of innovation 
in American business, but some uniformity 
or compatibility is likely required for a tru-
ly networked transportation system.

Perhaps somewhat as fantastical as the 
futures of The Jetsons and Star Trek, de-
pictions of what an autonomous vehicle 
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network may look like date back to busi-
ness plans of startups and to the likes of 
Uber and Apple. In one scenario, the user 
clicks on his destination, submits a request 
and soon a driverless vehicle appears, with 
or without other passengers or packages. 
Building the transport infrastructure of 
such a future will need to satisfy human 
transport, their personal possessions and 
the increasing demands on freight.

But back to the subject of transporta-
tion modes, and for that a brief history and 
anthropology lesson. Records show homo 
sapiens dating back 300,000 years along 
with the earliest evidence of the control 
of fire. Using animals for transport dates 
back to 3,500 BC, and wind-powered sail-
ing ships to 3,000 BC, but it was another 
5,000 years until combustion-driven steam 
engines and rail travel took shape soon af-
ter 1800. So things have evolved compara-
tively rapidly on many dimensions in the 
last 220 years, and will likewise in the next 
20 with the global challenge for mankind 
fairly clearly laid out. 

2022 Revenues of $300 Million
The transportation segment of the US 

climate change industry accounted for 
$296 billion in revenues in 2022. The chart 
illustrates a flat 2020 where growth in elec-
tric vehicles offset declines in biofuels and 
alternative fuel vehicles. Annual growth in 
2021 and 2022 was 28% and 32%, respec-
tively, largely driven again by EVs. US elec-
trical vehicle sales increased almost $100 
billion from 2020 to 2022. CCBJ’s forecast 
for 2023 and 2024 are for annual growth 
of 26% and 20%, with sustained growth in 
EVs themselves, but also the emergence of 
considerable but not yet comparable rev-
enues in electric vehicle charging. 

EVs and the EV charging infrastructure 
is the subject of a detailed section further 
on in this review, and is understandably the 
subject of interest from many sectors of the 
manufacturing and service economies, as 
well as investors and government entities. 
A number of EV firms were able to raise 

Transportation Segments in the U.S. Climate Change Industry ($mil)

2019 2020 2021 2022

Hybrid Electric Vehicles (HEVs)  12,520  14,050  24,420  27,630 

Alternative Fuel Vehicles (NG)  11,350  8,090  5,290  3,700 

Electric Vehicles (EVs)  81,200  95,700  125,540  191,580 

Electric Vehicles Charging*  360  430  520  910 

Biofuels (ethanol, biodiesel)  51,100  37,560  47,720  51,110 

Alternative Fuels (CNG, LNG)  1,010  1,040  1,070  1,100 

Transportation Planning & Eng*  1,070  1,160  1,270  1,380 

Public Transit  16,160  16,500  16,920  17,340 

Bicycles (Commuting)*  1,100  1,140  1,180  1,210 

Total  175,870  175,670  223,930  295,960 

Source: Climate Change Business Journal, EBI Inc.: CCBJ model of the transportation industry derived from data from 
a variety of sources including DOE’s Energy Information Administration,, NGV Gas Vehicle Report, National Sporting 
Goods Association, U.S. Census Bureau, American Public Transportation Association, International Union of Railways. 
Transportation Planning & Engineering: projects driven to significant extent by GHG emissions reduction; *Bicycles 
predominantly for commuting or 10% of total; * Electric Vehicles Charging Infrastrucuture and Electric Vehicles Charg-
ing Revenues. AFV is alternative fuel vehicle including CNG, LNG and H, but does not include flex fuel vehicles. CNG is 
compressed natural gas and LNG is liquified natural gas
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private capital throughout the 2010s, and 
some notable companies took advantage 
of the SPAC (special purpose acquisition 
company) or IPO window to access public 
capital in 2021. In 2023 much of the fund-
ing gap is expected to be filled by govern-
ment infrastructure funds.

Varying scenarios exist for the rate 
of adoption of electric vehicles, and even 
more for the charging infrastructure that 
must develop around it to secure the sun-
set of the mass market internal combustion 
engine for transport. An indication of how 
current projections are all over the map: a 
National Renewable Energy Laboratory 
scenario indicated the need would be about 
35,000 direct current fast charging ports to 

meet needs by 2030, and an admittedly 
more recent Edison Electric Institute 
forecast pegged the need at 140,000. Simi-
lar variability in EV charging costs exist, 
although the range is narrowing as larger 
commercial entities gain scale.

The scale and pace of electric vehicle 
adoption and the development of the EV 
charging infrastructure is not the only stra-
tegic question facing the business of the 
future of transportation. What will happen 
in batteries and raw materials? What is 
the role of hydrogen and fuel cell vehicles? 
What about aviation? What about rail and 
ocean freight? How much can biofuels 
supply in the transition and as a permanent 
low carbon contributor? Can technology 
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and information systems overcome some 
of the entrenched inefficiencies in the ex-
isting transportation networks? Engineers 
and planners will be expected to come up 
with interim solutions, but with a clear fo-
cus on a zero carbon future.

Revelations of VMT & ESM

Human transportation can ultimately 
be viewed in the context of miles 

traveled, and statistics are fairly accurately 
collected and compiled for vehicle miles 
traveled and air miles traveled by consum-
ers and vehicles. The distinction between 
consumers and vehicles is significant in 
that it also leads to another numerical 
calculation of sociological and strategic 
interest to the future of transportation, 
and to global GHG emissions and the at-
mosphere. That figure is what we are call-
ing empty seat miles. Available seat miles 
(ASMs) or passenger revenue per available 
seat mile (PRASM) are standard airline 
metrics for how much revenue an airline 
can or is making from passengers, and is 
essentially a measure of an airline’s finan-

cial efficiency. While airlines don’t publish 
ESMs, empty seat miles could serve as a 
measure of an airline’s inefficiency—and 
empty seat miles in passenger vehicles can 
surely be a measure of the inefficiency of 
the U.S. transport system.

At first thought this ESM figure is as-
tronomical, but some logical assumptions 
can result in an acceptable estimate. First is 
how many VMTs or vehicle miles traveled. 
Second is what is the average number of 
seats in those vehicles of each class of pas-
senger vehicles. Third is what is the aver-
age number of passengers per mile for each 
category: buses, vans, SUVs, stations wag-
ons, sedans and sports cars. A University 
of Michigan study reported that the U.S. 
average vehicle occupancy was 1.87 per-
sons per vehicle in 1977 and 1.5 persons 
per vehicle in 2019. Another way to look 
at the 1.5 figure is that for every trip with 
a family of four there are about five trips of 
just one individual in a passenger vehicle.

Using a generous figure of two passen-
gers per vehicle and an average total seat 

count of six for all classes of passenger 
vehicles, results in four empty seats per 
vehicle mile traveled. With U.S. VMT at 
about 3 trillion miles vehicle miles traveled 
in 2022, the resulting figure is 12 trillion 
empty seat miles!

The Sun is about 100 million miles 
away, so that means the distance of emp-
ty seat miles in passenger vehicles in the 
United States in 2022 is the same as going 
back and forth to the Sun 60,000 times. 
Or for those who like truly astronomical 
figures, 12 trillion miles is the distance you 
would go if you traveled at the speed of 
light for 2 years. 

That is certainly humbling for man-
kind in terms of the relative inefficiency 
of our wonderful machines and infrastruc-
ture, although many practical issues could 
be brought up to explain this continuing 
monumental phenomenon of wasted en-
ergy and technology.

The point is that while much of the fo-
cus is on decarbonizing transportation and 
substituting fossil fuels with electricity and 
hydrogen, perhaps as much or more effi-
ciency or productivity could be produced 
by a systemic redesign of the transporta-
tion network. Or as the culture of ‘Yankee 
ingenuity’ has instilled, we can rely on a 
truly, previously inconceivable, techno-
logical breakthrough. But that does harken 
back to science fiction novels, the televi-
sion images of the 1960s and an array of 
cinematic depictions over the last 50 years. 
What parts of the fantasy can become real-
ity is up to the climate change industry. R-
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2014 2015 2016 2017 2018 2019 2020 2021

Airplanes  5,947  6,046  6,227  6,338  6,609  6,815  4,217  5,650 

Passenger Cars  2,730,525  2,799,299  2,870,164  2,897,527  2,917,159  2,943,741  2,586,377  2,900,863 

Trucks  279,132  279,844  287,895  297,593  304,864  300,050  302,141  311,490 

Bus  16,010  16,241  16,361  17,239  18,314  17,990  15,113  17,656 

Commuter Railcar  691  689  688  690  648  656  498  533 

Freight Railcar  37,193  35,853  32,572  34,065  35,018  33,242  29,364  31,658 

Other  253  252  260  254  244  247  187  145 

Source: U.S. Department of Transportation

U.S. Vehicle-Miles Traveled (millions)
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2021 Global Electric Vehicle Sales

Country 2021 EV Sales % of Total
China 3,519,054 51.7%
Germany 695,657 10.2%
U.S. 631,152 9.3%
UK 326,990 4.8%
France 322,043 4.7%
Norway 153,699 2.3%
Italy 141,615 2.1%
Sweden 138,771 2.0%
Netherlands 97,282 1.4%
Rest of Europe 469,930 6.9%
Rest 313,129 4.6%
Total 6,809,322 100%

USA Electric Vehicle Sales (units)

EV Model 2021 Sales % of Total
Tesla Model Y* 185,994 29.5%
Tesla Model 3* 147,460 23.4%
Ford Mustang Mach-E 27,140 4.3%
Chevy Bolt EV/EUV 24,828 3.9%
Volkswagen ID.4 16,742 2.7%
Tesla Model S* 15,545 2.5%
Nissan Leaf 14,239 2.3%
Porsche Taycan 9,419 1.5%
Tesla Model X* 7,985 1.3%
Audi e-tron 7,429 1.2%
Others  172,394 27.4%
Total  629,175 100%

Sources: Cleantechnica and IEA

2010-2021 Global Electric Vehicle Stock (vehicles in billions)

Solar PV & WInd Over 80% of Net 
Renewable Capacity Additions

Year GW % PV % Wind

2011 109.4 28% 36%

2012 116.4 25% 40%

2013 122.9 30% 27%

2014 135.1 30% 37%

2015 159.7 31% 42%

2016 171.3 44% 30%

2017 174.8 55% 27%

2018 179.3 54% 28%

2019 193.8 56% 31%

2020 280.2 48% 40%

2021 288.9 54% 31%

Source: IEA     

Global Greenhouse Gas Emissions by Sector

Sources: Climate Watch and World Resources Institute

Global Fleet or Stock of Electric Vehicles (total in thousands)

2014 2015 2016 2017 2018 2019 2020 2021

USA  290  400  570  760  1,120  1,450  1,740  2,020 

China  61  236  547  1,100  1,980  3,140  4,270  7,200 

Other  359  614  893  1,240  2,000  2,610  4,290  6,980 

Total  710  1,250  2,010  3,100  5,100  7,200  10,300  16,200 

Source: IEA        
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US Agencies Commit to 
Decarbonize Transport 
and Issue Blueprint for 
Government and Business

Implementing a holistic decarboniza-
tion strategy will require coordinated 

action. In September 2022, the United 
States Departments of Energy, Transpor-
tation, Housing and Urban Development, 
and the Environmental Protection Agency, 
signed a memorandum of understanding 
to formalize our commitment to the high-
est level of collaboration and coordination. 

As an essential part of the MOU, the 
four agencies created the U.S. National 
Blueprint for Transportation Decar-
bonization to serve as a guide for future 
policymaking and research, development, 
demonstration, and deployment in the 
public and private sectors to transform 
how people and goods move throughout 
the United States.

The Blueprint is a first-of-its-kind strat-
egy for federal leadership and partnerships 
to decarbonize the entire U.S. transporta-
tion sector. A Detailed Action Plans will 
be developed with stakeholders to achieve 
the following milestones:

•	 Before 2030–Turning the Tide on 
Transportation GHGs: Research and 
Investments to Support Deployment 

•	 2030-2040–Accelerating Change: Scal-
ing Up Deployment of Clean Solutions

•	 2040-2050–Completing the Transition: 
A Sustainable and Equitable Future

Beyond the more obvious challenges of 
electrifying the personal vehicle fleet, the 
Blueprint stresses that efforts should aim 
to diversify first-gen feedstocks to support 
maritime, aviation and heavy duty, where 
lift and range issues are more suited to hy-
drogen and liquid fuels. And, efforts should 
point towards providing renewable power, 
e.g. sustainable methane, that can support 
the expected numbers of EVs with carbon 

negative power that makes zero emission 
vehicles actually have zero emissions.

The Blueprint focuses on each major 
transportation mode and identifies spe-
cific decarbonization opportunities and 
challenges, highlighting the role of various 
clean technologies for various applications 

Light Duty Vehicles: Achieving 2050 
net-zero-emissions goals will require tran-
sitioning new LDV sales to zero-emission 
EVs by the mid-2030s, and then rapidly 
replacing the legacy stock of higher-pol-
luting fossil-based vehicles with zero-
emission EVs. 

Medium Vehicles: At COP27 on No-
vember 16, 2022, the United States joined 
the Global Memorandum of Understand-
ing on Zero-Emission Medium- and 
Heavy- Duty Vehicles REF. First intro-
duced at COP26, the Global MOU puts 
countries on a path to 100% new zero-
emission MHDV sales by 2040 at the lat-
est, with an interim goal of at least 30% 
new sales by 2030 REF. 

Maritime: Promising fuels and tech-
nologies that can support maritime decar-
bonization include sustainable liquid and 
gaseous fuels. These include certain types 
of biofuels, ammonia, hydrogen, and meth-
anol. Some biofuels and biofuel blends are 

drop-in replacements for traditional fossil 
fuels and offer the most substantial im-
mediate GHG emissions reductions, as 
well as the opportunity to complement 
sustainable aviation fuel production and 
associated investments. Hydrogen, ammo-
nia, and methanol are other promising fuel 
alternatives, but more research is needed to 
use and supply these fuels, ensure that they 
have low life-cycle emissions, and verify 
that they do not increase criteria pollutant 
emissions.

Aviation: Sustainable aviation fuels 
will be critical to the long-term decar-
bonization of aviation. SAFs are fully 
interchangeable, drop-in liquid hydrocar-
bon fuels with the same performance and 
safety as conventional jet fuels produced 
from petroleum. They can be deployed in 
existing infrastructure, engines, and air-
craft. SAF can be created from renewable 
or waste materials and have been shown 
to reduce life-cycle GHG emissions by at 
least 50% relative to conventional jet fuel 
and potentially 100% if low-carbon tech-
nologies such as climate-smart agricultural 
practices, low-carbon electricity and hy-
drogen usage, or CCS are used. Efforts are 
ongoing to approve the use of 100% SAF 
in today’s fleet of aircraft, thus enabling 
the decarbonization of aviation without a 
change in its underlying infrastructure.” R
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Sankey Diagrams Illustrate 
Flow of Global Greenhouse 
Gas Emissions

Sankey diagrams showing World GHG 
emissions, published on the website 

of the World Resources Institute (WRI) 
show the activity sectors from which of 
greenhouse gases (GHGs) originate. The 
first version below was first produced in 
2005 based on data for the year 2000. The 
next page shows data for the years 2005 
and 2016. The methodology in tracking 
energy emissions has changed marginally, 
but land use, deforestation and reforesta-
tion data has been inconsistent.

World GHG emissions in 2000 were 
42 Gt CO2e. Carbon dioxide and methane 
contributed more than 90%. The largest 
portion of 2000 emissions was from energy 
generation (including transport), followed 
by land use change and agriculture. Direct 
emissions from other non-combustion in-
dustrial processes and waste is compara-
tively small. The arrows on the right side 
give a breakdown into the individual gases 
for 2000 with carbon dioxide as the main 
greenhouse gas (77%) followed by meth-
ane and N2O.

World GHG emissions for 2016 are 
presented in flows in giga tonnes CO2 
equivalents (GtCO2e) with total emis-

sions of 49.4 GtCO2e. Individual sector 
emissions growth varies from 20-30% to 
near zero, and there are substantial differ-
ences in sectoral growth rates between de-
veloped and developing countries. 

A major difference in the 2000 version 
of the chart and those for later years con-
cerns the Land Use Change sector, which 
comprised 18.2% of GHG emissions in the 
2000 version of the chart, and only 12.2% 
of emissions in the 2005 version. The de-
crease was entirely due to revised method-
ologies used to calculate deforestation, and 
not to any actual decrease in deforestation 
rates, says WRI. 2016 data shows a similar 
drop based on methodology change. R

Sankey Diagram of World Greenhouse Gas Emission Flows in 2000
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World Greenhouse Gas Emissions in 2005: 44.1 GtCO2e

World Greenhouse Gas Emissions in 2016: 49.4 GtCO2e
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2022 Emissions and GDP 

2022 was marked by the emergence of 
longer-term economic repercussions 

of the COVID-19 pandemic and the un-
expected war in Ukraine that caused tur-
moil in energy markets. Despite efforts to 
continue stimulating the US economy in 
the wake of the pandemic, high inflation 
put a damper on economic growth, which 
was exacerbated by a spike in oil prices as a 
result of Russia’s invasion of Ukraine. The 
US economy grew 1.9% in 2022, down 
from a 5.7% GDP increase in 2021.

Based on preliminary economic activity 
and energy data, Rhodium Group esti-
mated that greenhouse gas (GHG) emis-
sions in the US increased in 2022, rising 
1.3% compared to 2021. While 2022 is the 
second year in a row that emissions have 
increased, it nonetheless marks a change 
from 2021, when emissions rebounded 
faster than the economic growth rate. This 
reversal in 2022 was largely due to the sub-
stitution of coal with natural gas—a less 
carbon-intensive fuel—and a rise in re-
newable energy generation.

2022 economic challenges and uncer-
tainty were leargely unexpected, with in-
flation emerging as a key source of concern 
for the US economy continuing into 2023. 
The rising prices of goods and services, ini-

tially caused by the disruption of the CO-
VID-19 pandemic on global supply chains, 
were further exacerbated by a spike in oil 
prices. Natural gas prices were also up in 
2022 relative to 2021, owing to increased 
demand for gas from Europe due to re-
ductions in Russian gas supply, as well as a 
colder-than-normal first quarter in the US. 

As actions to mitigate inflation were put 
in place, the outlook for US GDP growth 
dimmed, with the consensus a 1.9% in-
crease in 2022. Although official GDP 
data for 2022 won’t likely be fully recog-
nized by economists until September 2023, 
activity data indicating that GHG emis-
sions in the US increased 1.3% in 2022 
shows that the GHG intensity of the US 
economy declined in 2022, a turnaround 

from a more carbon-intensive rebound ex-
perienced in 2021.

Over the past few years as illustrated on 
the chart, the COVID-19 pandemic has 
shifted the underlying forces that shape the 
carbon intensity of the economy. In 2019, 
the downward trend in coal consumption 
helped to reduce GHG emissions, despite 
GDP growth. In 2020, the pandemic had 
a significant impact on the economy, caus-
ing GDP to decline by 5.9% and emis-
sions to drop by 10.6% compared to 2019, 
the largest decrease in emissions since the 
2008 recession. However, in 2021, GHG 
emissions rebounded faster than economic 
growth—GHG emissions rose by 6.5%, 
while GDP rose by 5.9%—primarily due 
to an increase in coal generation and a 
modest recovery in transport demand. By 
contrast, in 2022 GDP growth outpaced 
the increase in GHG emissions.

This reversal in 2022 was primarily driv-
en by a drop in emissions from the electric 
power sector, mostly due to the displace-
ment of coal by natural gas and an increase 
in renewable energy. Outside of the power 
sector, emissions increased slightly, with 
transport up 1.3% and nearly back to 2019 
levels. A significant 6% increase was seen 
in direct emissions from buildings, the only 
sector to rebound to pre-pandemic levels. 
This was largely due to increased energy 
consumption for heating in homes, as 2022 
reported below-average winter tempera-
tures. R
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Global GHG Emissions Down 
5.2% in 2020, Up 6% in 2021 
and Up 1% in 2022 

Global greenhouse gas emissions 
(GHG) for 2022 were estimated 

at  58 gigatons  (GT), the largest annual 
level ever recorded. If current economic 
growth, demography, and emissions inten-
sity trends continue, the level of emissions 
will continue to rise, reaching 62 GT by 
2030, says Global Carbon Project (GCP) 
and The World Data Lab’s World Emis-
sions Clock. Emissions from China, the 
world’s biggest polluter, decreased by 1% 
in 2022, the GCP found, because of the 
country’s stringent covid restrictions and a 
collapse in the construction industry. The 
EU also had a similar 1% decrease because 
a 7% rise in coal emissions was offset by 
a 10% fall in CO2 from gas consumption 
after Russia invaded Ukraine. 

U.S. emissions rose by 1.5%, with a 
surge in flights largely to blame. India had 
the largest rise in 2022 of 6% due to higher 
coal and oil emissions. India now emits 
more GHG than the EU overall – al-
though emissions per capita remain much 
lower by a factor of almost 4. The chart on 
page 111 shows Saudi Arabia at 25, the 
USA at 18, Brazil at 12, the EU at 8 and 
India at 2.5 tons of GHG per capita, with 
a global  average of 7.5 tons.

USA CO2 Emissions Up 1.5% in 2022; EU & China Down 1%

Despite a relatively modest increase of 1.0% in 2022 (with an uncertainty range of 
0.1% to 1.9%), global fossil CO2 emissions surpassed the pre-pandemic high in 

2019 to set a new record at 36.6 GtCO2.

The US had an emissions increase of around 1.5% in 2022, driven by a strong rise in 
gas emissions (+4.7%), a modest rise in oil emissions (+2%) and a strong decline in coal 
emissions (-4.6%).

The European Union (EU) saw a 0.8% decline in emissions in 2022, driven by lower 
gas use associated with Russia’s attack on Ukraine and the resulting global energy market 
disruption. EU demand for gas may be down by as much as 10% in 2022, while emissions 
from coal are increased by close to 7% as it substituted for high-cost gas.

In China, emissions declined by around 0.9% in 2022, primarily driven by continued 
lockdowns associated with Covid-19 that slowed both industrial activity and economic 
growth. Chinese emissions show declines in emissions from oil (-2.8%), gas (-1.1%) and 

cement production (-7%), only showing 
a slight increase in emissions from coal 
(+0.1%). The Global Carbon Project notes 
that cement, in particular, played a large 
role in declining Chinese emissions due to 
a slowdown in the property market. 

Indian emissions increased by 6% in 
2022, mostly due to a large (+5%) increase 
in coal emissions as well as higher (+10%) 
oil use as the transport sector recovers from 
pandemic declines. 

The rest of the world (including in-
ternational aviation and shipping) is pro-
jected to see a 1.7% increase in emissions, 
driven by a rise in coal (+1.6%), oil (+3.1%) 
and cement (+3%).

Global CO2 Emissions From Fossil Fuels by Region, 1960-2022

Per Capita GHG Emissions in Selected Economies by Sector in 2020

Source: World Data Lab, World Emissions Clock; Cited by Brookings Institute
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2021 Final Numbers
Global CO2 emissions from energy 

combustion and industrial processes re-
bounded in 2021 to reach their highest 
ever annual level. A 6% increase from 2020 
pushed emissions to 36.3 gigatonnes (Gt), 
an estimate based on the IEA’s detailed 
region-by-region and fuel-by-fuel analysis, 
drawing on the latest official national data 
and publicly available energy, economic 
and weather data.

The Covid-19 pandemic had far-reach-
ing impacts on energy demand in 2020, 
reducing global CO2 emissions by 5.2%. 
However, the world has experienced an 
extremely rapid economic recovery since 
then, driven by unprecedented fiscal and 
monetary stimulus and a fast – although 
uneven – roll-out of vaccines. The recovery 
of energy demand in 2021 was compound-
ed by adverse weather and energy market 
conditions, which led to more coal being 
burnt despite renewable power generation 
registering its largest ever annual growth. 

2021 emissions increased by almost 2.1 
Gt from 2020 levels. This put 2021 above 
2010 as the largest ever year-on-year in-
crease in energy-related CO2 emissions in 
absolute terms. The rebound in 2021 more 
than reversed the pandemic-induced de-
cline in emissions of 1.9 Gt experienced 
in 2020. CO2 emissions in 2021 rose to 
around 180 megatonnes (Mt) above the 
pre-pandemic level of 2019.

The 6% increase in CO2 emissions in 
2021 was in line with the jump in global 
economic output of 5.9%. This marks the 
strongest coupling of CO2 emissions with 
Gross domestic product (GDP) growth 
since 2010, when global emissions re-
bounded by 6.1% while economic output 
grew by 5.1% as the world emerged from 
the Global Financial Crisis.

Coal accounted for over 40% of the 
overall growth in global CO2  emissions 
in 2021. Coal emissions now stand at an 
all-time high of 15.3 Gt, surpassing their 
previous peak (seen in 2014) by almost 

200 Mt. CO2 emissions from natural gas 
also rebounded well above 2019 levels to 
7.5 Gt, as demand increased in all sectors. 
At 10.7 Gt, emissions from oil remained 
significantly below pre-pandemic levels 
because of the limited recovery in global 
transport activity in 2021. 

Transport Share of GHGs
The pandemic continued to impact oil 

use for transport in 2021, with demand 
more than 6 million barrels per day below 
2019 levels, and emissions 600 Mt lower. 
CO2  emissions related to international 
aviation in 2021 stood at only 60% (370 
Mt) of their pre-pandemic levels. 

Continued lockdowns and other Co-
vid-19 transmission reduction measures in 
many major economies through the course 
of the year also stymied the recovery of 
road transport activity. A return to pre-
pandemic levels of transport activity would 
have added another 600 Mt to global 
CO2 emissions in 2021. That would have 
brought emissions from oil in line with 
2019 levels. The resultant 7.8% increase in 
total CO2 emissions would have been the 
fastest rate of growth since the 1950s. 

The biggest increase in CO2 emissions 
by sector in 2021 took place in electricity 
and heat production, where they jumped 
by more than 900 Mt. This accounted for 
46% of the global increase in emissions, 
since the use of all fossil fuels increased to 
help meet electricity demand growth. CO2 
emissions from the sector neared 14.6 Gt, 
their highest ever level and around 500 Mt 
higher than in 2019. China accounted for 
almost all of the global increase in electric-
ity and heat sector emissions between 2019 
and 2021. A small decline from the rest of 
the world was insufficient to offset the in-
crease in China. 

Global CO2 emissions from the indus-
try and buildings sectors rebounded back 
to their 2019 levels, driven by increases in 
both advanced economies and emerging 
market, and developing economies. China 
was the notable exception, with lower coal 
use in industry pushing CO2 emissions 
from the industry sector below their 2019 
level for the second year in a row. Transport 
was the only sector in which global CO2 
emissions remained well below 2019 levels. 
The emissions reduction impact of record 
electric car sales in 2021 was cancelled out 
by the parallel increase in sales of SUVs.

In the transportation sector, emissions remained relatively flat due to the impact of 
rising oil prices on demand. The slight emissions increase in this sector was driven 

mainly by the demand for jet fuel as air travel increased relative to 2021 (Figure 6). In 
the first quarter of 2022, fuel demand in the transportation sector, including gasoline, 
jet fuel, and diesel, rose slightly. However, once the cost of oil began to affect transpor-
tation fuel costs, demand remained below 2019 levels for the rest of the year.
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The 6.9% increase in CO2 emissions 
from the electricity and heat sectors in 
2021 was driven by the biggest ever year-
on-year increase in global electricity de-
mand. Rising by close to 1,400 terawatt-
hours (TWh), or 5.9%, the growth in 
electricity demand in 2021 was more than 
15 times the size of the drop in demand 
in 2020.

Coal-fired power plants were called 
upon to meet half of the increase in global 
electricity demand in 2021, with coal’s 
share of total generation rebounding above 
36%. CO2 emissions from coal power 
plants rose to a record 10.5 Gt, which is 
800 Mt above their 2020 level and more 
than 200 Mt above their previous peak 
in 2018. Without supply constraints and 
high prices that affected China and India 
during certain periods of the year, global 
coal use for electricity generation in 2021 
would have been even higher.

Towards zero-carbon transport
Transport accounts for around one-fifth 

of global carbon dioxide (CO2) emissions, 
24% just considering CO2 emissions from 
energy. Road travel accounts for 75% of 
transport emissions, or 15% of total CO2 
emissions. Most of this comes from pas-
senger vehicles – cars and buses – which 
contribute 45%; 30% comes from trucks 
carrying freight.  Aviation is 11.6% of 
transport emissions, and international 
shipping contributes a similar amount, at 
10.6%. Rail travel and freight emits very 
little – only 1% of transport emissions. 
Other transport – which is mainly the 
movement of materials such as water, oil, 
and gas via pipelines – is responsible for 
2.2%.

Transport demand is expected to grow 
across the world in the coming decades as 
the global population increases, incomes 
rise, and more people can afford cars, trains 
and flights. In its Energy Technology Per-
spectives report, the International Energy 
Agency (IEA) expects global transport 
(measured in passenger-kilometers) to 

double, car ownership rates to increase by 
60%, and demand for passenger and freight 
aviation to triple by 2070. Combined, these 
factors would result in a large increase in 
transport emissions.

But major technological innovations 
can help offset this rise in demand. As the 
world shifts towards lower-carbon elec-
tricity sources, the rise of electric vehicles 
offers a viable option to reduce emissions 
from passenger vehicles.

This is reflected in the IEA’s Energy 
Technology Perspective report. There it 
outlines its “Sustainable Development 
Scenario” for reaching net-zero CO2 
emissions from global energy by 2070. The 
pathways for the different elements of the 
transport sector in this optimistic scenario 
are shown in the visualization.

We see that with electrification- and 
hydrogen- technologies some of these sub-
sectors could decarbonize within decades. 
The IEA scenario assumes the phase-out 
of emissions from motorcycles by 2040; 
rail by 2050; small trucks by 2060; and al-
though emissions from cars and buses are 
not completely eliminated until 2070, it 
expects many regions, including the Eu-
ropean Union; United States; China and 
Japan to have phased-out conventional ve-
hicles as early as 2040.

In a paper published in Science, Ste-
ven Davis and colleagues looked at our 
options across sectors to reach a net-zero 
emissions energy system. They highlighted 
long-distance road freight (large trucks), 
aviation and shipping as particularly diffi-
cult to eliminate. The potential for hydro-
gen as a fuel, or battery electricity to run 
planes, ships and large trucks is limited by 
the range and power required; the size and 
weight of batteries or hydrogen fuel tanks 
would be much larger and heavier than 
current combustion engines.

So, despite falling by three-quarters in 
the visualized scenario, emissions from 
these sub-sectors would still make trans-
port the largest contributor to energy-
related emissions in 2070. To reach net-
zero for the energy sector as a whole, these 
emissions would have to be offset by ‘nega-
tive emissions’ (e.g. the capture and stor-
age of carbon from bioenergy or direct air 
capture) from other parts of the energy 
system.

In the IEA’s net-zero scenario, nearly 
two-thirds of the emissions reductions 
come from technologies that are not yet 
commercially available. As the IEA states, 
“Reducing CO2 emissions in the transport 
sector over the next half-century will be a 
formidable task.” R
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US Electric Vehicle Sales and 
the Charging Infrastructure 
Required Through 2030

The latest electric vehicle (EV) fore-
cast by Edison Electric Institute 

(EEI) shows the EV market has acceler-
ated rapidly with more to come. A major 
milestone of one million cumulative EV 
sales was achieved in 2018, more than 
eight years after the introduction of the 
first mass market EVs in late 2010. Fewer 
than three years later, the next milestone 
of two million in cumulative sales was 
achieved in mid-2021. Customers contin-
ue to purchase EVs in record numbers, and 
EEI says that electric companies are work-
ing with stakeholders to make the transi-
tion to EVs a seamless one for all drivers. 

Automakers are continuing to respond 
to customer demand by developing more 
EV models, including plug-in hybrid elec-
tric vehicles (PHEVs) and battery electric 
vehicles (BEVs), that are increasingly cost-
competitive with their internal combus-
tion engine (ICE) counterparts. The Infra-
structure Investment and Jobs Act (IIJA) 
is critical to the acceleration of EVs. IIJA 
is the largest investment in infrastructure 
since the New Deal, and it contains several 
provisions for electric transportation up to 
$7.5 billion in funding for EV charging 
infrastructure, $5 billion for electric school 
buses, and $5.6 billion for electric transit. 

Lack of Charging Infrastructure
The lack of charging infrastructure of-

ten is cited as a primary barrier to increased 
adoption of EVs and the funding from IIJA 
will represent unprecedented EV charging 
investment in many areas of the country. 
Unlike conventional vehicles, which typi-
cally refuel only at gas stations, EVs may 
charge at many different locations, such as 
while parked at home, at work, or in pub-
lic spaces, using various types of charging 
equipment, which often is referred to as 
a charging station or a charging port. For 
EEI’s study and forecast, a charging station 

refers to either a wall-mounted or free-
standing charging cabinet and a charging 
port is a plug on that station that sends 
electricity into a vehicle battery. A charg-
ing station may have more than one port, 
and charging equipment comes in a variety 
of types and configurations, but generally 
is categorized by power level. 

The data provided in the EEI report is 
forecasted through 2030 as a consensus 
based on four independent forecasts and 
concludes that: 

•	 The stock of EVs (i.e., the number of 
EVs on U.S. roads) is projected to reach 
26.4 million in 2030, up from 2.4 mil-
lion at the end of 2021 (see chart). This is 

more than 10 percent of the 259 million 
vehicles (cars and light trucks) expected to 
be on U.S. roads in 2030. 

•	 It took eight years to sell one million 
EVs and fewer than three years to sell the 
next million. We project the next one mil-
lion EVs will be sold in roughly one year, 
before the end of 2022. 

•	 Annual sales of EVs will be nearly 5.6 
million in 2030, reaching nearly 32 per-
cent of annual lightduty vehicle sales in 
2030. Compared to EEI’s 2018 forecast, 
this is an increase of more than 1.8 mil-
lion in annual sales in 2030. The availabil-
ity of EV charging infrastructure also is 
fundamental to the growth of EVs. 

Source: Edison Electric Institute; Electric Vehicle Sales and the Charging Infrastructure Required Through 2030: USA only
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Based on the EEI forecast,  12.9 mil-
lion charge ports will be needed to sup-
port the projected 26.4 million EVs that 
will be on U.S. roads in 2030. 140,000 DC 
fast charging (DCFC) ports will be needed 
to support the EVs EEI expects to be on 
the road in 2030. DCFC stations are key 
to enabling long distance EV travel, reduc-
ing range anxiety, and to providing fast, 
convenient charging for individuals who 
lack access to dedicated parking. America’s 
electric companies are making significant 
investments to expand access to EV charg-
ing, including investing more than $3.4 
billion dedicated to charging infrastructure 
and other EV programs. 

In late 2021, EEI announced the launch 
of the National Electric Highway Co-
alition (NEHC), a collaboration among 
electric companies that share the goal of 
deploying EV fast charging infrastructure 
along major U.S. travel corridors. Mem-
bers of the NEHC are working to effi-
ciently and expediently deploy fast charg-
ing infrastructure that helps ensure that the 
transition to EVs is seamless for drivers. 
Members of the NEHC are committed to 
supporting more than 4,500 DCFC ports.

EEI says that between 2010 and 2021, 
battery pack costs declined by nearly 90 
percent in real terms. Bloomberg New 
Energy Finance estimated average battery 
pack costs in 2021 at $132 per kilowatt-
hour (kWh). R

The Edison Electric Institute is the associa-
tion that represents all U.S. investor-owned 
electric companies. Our members provide elec-
tricity for 235 million Americans, and operate 
in all 50 states and the District of Columbia. 
As a whole, the electric power industry sup-
ports more than 7 million jobs in communities 
across the United States. In addition to our 
U.S. members, EEI has more than 65 inter-
national electric companies with operations 
in more than 90 countries, as International 
Members, and hundreds of industry suppliers 
and related organizations as Associate Mem-
bers.

Projected US EV Sales in 2030 by Vehicle Manufacturer

Manufacturer
lightduty vehicle 
sales in U.S. in 

2030

 Announced EV 
sales targets in 

2030*

 Estimated EV 
sales in 2030

BMW  420,000 50%  210,000 

Ford  2,150,000 40%  860,000 

GeneralMotors  2,580,000 50%  1,290,000 

Honda  1,660,000 40%  664,000 

Hyundai-Kia  1,650,000 50%  825,000 

JaguarLandRover  120,000 100%  120,000 

Mazda  370,000 25%  92,500 

Mercedes  370,000 100%  370,000 

Nissan  1,230,000 40%  492,000 

Stellantis  2,010,000 50%  1,005,000 

Subaru  680,000 40%  272,000 

Tesla  880,000 100%  880,000 

Toyota  2,540,000 30%  762,000 

Volkswagen  720,000 55%  396,000 

Volvo  140,000 100%  140,000 

Total  17,520,000 48%  8,378,500 

Source: Edison Electric Institute; Electric Vehicle Sales and the Charging Infrastructure Required Through 2030; *Per-
centages are based on most recently announced sales targets for EVs. **Estimated based on announced global EV 
sales target of 3.5 million in 2030.   

EEI US EV Sales Forecast Compared to Selected Forecasts to 2040
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Comparison to Automaker 
Announcements

Comparing the forecasted EV sales to 
automaker announcements is a useful 

reality check. Following the Executive Or-
der from the Biden Administration setting 
a goal for half of all vehicle sales to be zero 
emission in 2030, many major automak-
ers announced ambitious goals for zero 
emission vehicle sales. Based on these an-
nouncements, potential EV sales in 2030 
could be more than 8.3 million, well ex-
ceeding the consensus forecast of 5.6 mil-
lion. The table shows an estimate of total 
light-duty vehicle sales by automaker in 
2030, the percent of EV sales expected in 
2030 based on automaker announcements, 
and the likely number of EV sales in 2030 
based on those announcements. The chart 
on page 14 shows the automaker estimate 
in relation to EEI’s consensus forecast. 
EEI estimated overall vehicle sales to be 
17.5 million in 2030 based on an approxi-
mately 17 percent growth over 2021 sales.

Unlike conventional vehicles, which 
typically refuel only at gas stations, EVs 
may charge at many different locations, 
such as while parked at home, at work, or 
in public spaces. Charging equipment is 
needed to deliver electricity from the en-
ergy grid to an EV and comes in a variety 
of types and configurations, and generally 
is categorized by power level:

Level 1: 120-volt, alternating current 
(AC) power. Level 1 charging refers to 
charging stations and conventional electric 
outlets that a driver may plug into via a 
charging cord set that typically is included 
with an EV. Level 1 charging adds approx-
imately 3 to 4 miles of electric range per 
hour of charging. EEI analysis assumes that 
half of all EVs with access to home charg-
ing – including both single-family homes 
and multi-family dwellings (MFDs) – will 
use Level 1 charging, while the other half 
will use Level 2. Level 1 charging also may 
be available at workplaces and public lo-
cations, but that is not considered in this 
analysis.

Level 2: 240-volt, AC power. Level 2 
charging stations typically are mounted on 
a wall or on a pedestal. Level 2 charging 
at home typically requires the installation 
of a 240-volt circuit, the same as would be 
used for a household clothes dryer. Level 
2 charging adds approximately 10 to 20 
miles of electric range per hour of charg-
ing. EEI assumes that all workplace and 
public locations use Level 2 charging.

DC Fast Charging: Converts AC elec-
tricity to direct current (DC) and delivers 
charge to the vehicle at high power, typi-
cally anywhere from 50 to 350 kilowatts 
(kW). DCFC is intended to add a sub-
stantial charge to an EV in a short amount 
of time (e.g., charge a battery to 80 per-
cent capacity in 15-45 minutes, depending 
on battery size and charger power level). 
EEI assumes DCFC is used only at pub-
lic DCFC locations at power levels of 50 
to 150 kW and is only available for use by 
BEVs.  

An important additional distinction for 
charging infrastructure is how it is tabu-

lated. In general, there are three ways in 
which locations that provide EV charging:

Charging Site: A charging site is a loca-
tion that hosts charging equipment for use 
by the public. A charging site is similar to 
a gas station in that it refers to the piece 
of land or business where charging equip-
ment is located. Charging sites often have 
multiple charging stations available for use.

Charging Station: A charging station 
is either a wall-mounted or free-standing 
charging cabinet which has the capability 
to charge one or more EVs.

Charging Port: A charging port is a 
plug on a charging station that sends elec-
tricity into a vehicle battery. A charging 
station may have more than one port.

The table summarizes the EV charging 
infrastructure locations, charging equip-
ment type, and available charging time 
considered in this analysis. EEI analysis 
limits consideration to these major catego-
ries for simplicity. R

EV Charging Equipment by Location 

Source: Edison Electric Institute; Electric Vehicle Sales and the Charging Infrastructure Required Through 2030
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 U.S. Public and Private Electric Vehicle Charging 
Infrastructure: Station and Port Counts: 2011-2022
 Year  EVSE Ports  Station Locations 
2011  5,070  2,100 
2012  14,982  6,200 
2013  19,472  8,100 
2014  25,602  10,712 
2015  34,151  13,696 
2016  45,124  17,723 
2017  53,117  19,792 
2018  64,037  22,826 
2019  85,079  26,959 
2020  106,814  31,738 
2021  128,474  50,054 

Source: U.S. DOE Alternative Fuels Data Center (afdc.energy.gov/stations/states)  

According to the the Department of Energy’s Alternative Fuels Data Center, 
there are 56,256 EV charging stations across the country as of Nov. 8, 2022. 

Approximately 52,375 were available to the public, and 3,816 stations were pri-
vate. 4,284 stations were labeled as “temporarily unavailable,” meaning they are 
undergoing some form of maintenance. These stations support roughly 147,700 
individual charging ports, referred to as electrical vehicle supply equipment, which 
are classified by the rate at which they recharge EV batteries. Charging time can 
range from less than 20 minutes to several hours depending on the type of charger. 

An estimated 2% of these ports were level 1 chargers, which charge at a rate of 
5 miles of range per hour. Approximately 117,400, or almost 80% of ports were 
level 2 chargers, which charge at a rate of 25 miles of range per hour. 18.5% of 
ports were Direct Current (DC) fast charging ports, with a rate of 100 to 200 or 
more miles of range per 30 minutes of charging.

The Biden Administration has set a commitment to build out a national net-
work of 500,000 charging ports by 2030. There has already been at least $15 bil-
lion made available to states to develop the infrastructure for EV charging sta-
tions. The US would have to install 50,000 publicly available charging ports per 
year for eight years to achieve this goal. CCBJ estimates the pace of installation 
to be between 50,000 and 70,000 through 2029, declining after 2027 to less than 
50,000 chargers installed in 2030. A key unknown will be the number of DCFCs.

Based on NREL’s 2017 analysis that estimated the number of public and work-
place chargers required to support a scenario in which there are 15 million EVs 
on the road by 2030, the number of DC fast and Level 2 EVSE ports as of Q1 are 
83.8% and 16.9%, respectively, of the projected 2030 needs (Wood et al. 2017). 
However, the majority (57.6%) of public DC fast EVSE ports in the Station Lo-
cator are on the Tesla network and are therefore only readily accessible to Tesla 
drivers. When Tesla EVSE ports are removed, this decreases to 35.6% and 15.0%, 
respectively, of the projected need. Based on Atlas’ 2021 assessment that estimated 
the number of public and workplace chargers required in a scenario in which 
100% of passenger vehicle sales are electric by 2035, the number of DC fast and 
Level 2 EVSE ports as of Q1 is 8.5% and 30.3%, respectively, of the projected 
2030 needs (McKenzie and Nigro 2021). This decreases to 3.8% and 27.9%, re-
spectively, when Tesla EVSE ports are removed. R

Electric Car Charging Station Costs

Several factors influence the cost of installing 
a charging station at home or in a specific lo-

cation. The key factors include the output design 
and the charging type. Where you are looking to 
install the charging port as well as the person you 
hire to do the job and the cost of labor will also 
determine the overall cost.

There are three types of charging stations – 
Level 1, Level 2, and DC (direct current). The rat-
ings for these three charging levels are as follows:

•	 Level 1: These are the standard of electronic 
vehicle charging infrastructure with 120-volt 
single-phase AC of up to 16 amps. They are, 
however, limited to 12 amps and can deliver up to 
1.9-kilowatt (kW) charge rate or about 5 miles 
of range per hour of charging. Level 1 units can 
be used with the standard household wall outlets 
since 120-volt outlets are readily available.

•	 Level 2: These types require a unit of 240 
volts, and they allow for a wide range of charg-
ing speeds. With up to 80 amps power rating, 
they can deliver up to a 19.2-kilowatt charge rate 
or up to 60 miles of range per hour of charg-
ing time. This makes it one of the most suitable 
charging stations for most electronic vehicles. 
Level 2 EV chargers require exclusive charging 
equipment and a dedicated electrical circuit of 20 
to 100 amps.

•	 DC Level 3: These charging stations use a 
480-volt unit and can provide up to 80% charge 
in only 30 minutes. This is equivalent to 249 
miles per hour of charging. They are, however, not 
compatible with all vehicles.

The costs of installation for these charging 
equipment also vary significantly. As an example, 
a popular home improvement website says a Level 
1 charger costs between $300 to $600 before la-
bor, which stands at about $1,000 to $1,700. It is 
worth remembering that if the installation process 
requires electrical upgrades to a home, it could 
cost more. The Level 2 charger analogous to an 
electric dryer hookup goes a bit higher, with the 
cost increased to between $500 and $700 and la-
bor costing about $1,200 to $2,000. For Level 3, 
developers need between $20,000 and $50,000 for 
parts, and labor could cost upwards of $50,000. R
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Business Landscape in the 
US EV Charging Network 
Balancing Economics & Scale to Meet 
Surging Demand

Electric Vehicle (EV) chargers are 
classified in three categories: Level 

1, Level 2 and DC fast chargers. Level 1 
chargers use a regular 110-V outlet, just 
like standard home plugs, but take a long 
time to charge a vehicle battery. They are 
considered a solution by some to get charg-
ing into older apartment buildings, allow-
ing residents to drive 30 to 40 miles (50 
to 65 km) on an overnight charge. Level 
2 chargers offer higher-power output and 
use a 240-V outlet just like clothes dryers 
or air conditioners. 

They are used in residential and com-
mercial settings, such as shopping malls 
and parking garages, and can top up an 
EV in about five hours. DC fast chargers 
(DCFC) allow for the fastest charge by 
allowing direct current into the battery 
without first converting it from alternating 
current, which Level 1 and 2 chargers use. 
DCFC uses a 480-V outlet and can top 
up a vehicle in under an hour. But they are 
costly to install and not all EVs can fast-
charge, with throughput limited by hard-
ware and software.

Level 2 chargers cost between $2,000 
and $5,000 to install, with many subsidies 
available for residents and businesses to 
cover upfront costs. Fast chargers are sig-
nificantly more expensive, requiring more 
than $100,000 per station in upfront capi-
tal. Providers recoup those investments by 
charging higher rates. While charging at 
home costs around 16 cents per kilowatt 
hour, public Level 2 chargers cost around 
44 cents and fast chargers up to 59 cents 
per kwh, according to a PwC analysis.

While Level 1 and Level 2 charging 
uses a standard connector that works with 
all EVs, there is no such standard for fast 
charging. That has resulted in carmakers 
installing different charging connectors 

on their vehicles, with primarily Japanese 
manufacturers using one connector and 
U.S. and European carmakers another. 
Tesla has developed its own unique con-
nector, but offers adapters to allow Tesla 
owners to charge at stations other than 
Tesla's Supercharger network. Tesla said 
the company would make its Supercharger 
stations available to other EVs in 2022-23.

As of January 2022, the United States 
had a total of 43,000 public EV charging 
stations and 120,000 charging ports, ac-
cording to the U.S. Department of Ener-
gy. Of those, the vast majority are Level 2 
chargers. Chargers are distributed very un-
evenly across the country, with California 
having nearly the same amount of charg-
ing stations as the 39 states with the low-
est count combined. EV-supportive poli-
cies in Colorado, Utah and in the Pacific 
Northwest and the U.S. Northeast, have 
expanded charging station on a per-capita 
basis in recent years. The European Union 
has 275,000 EV charging ports, according 
to data by the European Alternative Fu-
els Observatory, or 62 charging points per 
100,000 inhabitants. The United States has 
37 ports per 100,000 inhabitants.

Sparking the Charging Industry
There are more than 300 EV charg-

ing companies globally, reported Reuters, 
including nearly 100 in North America. 
Many are less than five years old and few 
are more than 10 years old. Of them, eight 
companies went public or agreed to go pub-
lic in 2020-2021 through SPAC-backed 
reverse mergers, including EVgo Inc 
(EVGO.O), Nuvve (NVVE.O), Charge-
Point (CHPT.N) and Volta Charging in 
the United States. 

Private investors have poured more 
than $2 billion into EV charging startups, 
according to Pitchbook, with most of the 
funding flowing in the past five years. Cor-
porate investors in EV charging startups 
come from a range of industries, including 
carmakers such as Toyota and Daimler; oil 
and gas companies including Shell, and 

Chevron.; tech companies such as Qual-
comm and eBay. Many charging stations 
are also subsidized or run by local govern-
ments or electric utilities.

A $100-Billion Global 
Market by 2028

Government initiatives to drive the 
adoption of electric vehicles and associated 
infrastructure, rising demand for electric 
vehicle fast-charging infrastructure, in-
creasing prevalence of range anxiety, and 
increasing deployment of EVs by shared 
mobility operators are the major factors 
supporting the growth of the market. DC 
fast charging facilities are becoming in-
creasingly necessary as EVs gain popular-
ity. The installation of DC fast chargers, 
or Level 3 chargers, is becoming increas-
ingly popular among auto dealers, fleet op-
erators, commercial and industrial business 
owners, including hotels and shopping 
centers. Meticulous Research (MR) pre-
dicted growth of 26.4% during the forecast 
years 2021–2028 to reach a value of $104 
billion by 2028, or a CAGR of 26.4%.

Other factors driving the North Amer-
ica Electric Vehicle Charging Stations 
Market are increased R&D in V2G tech-
nology, rising acceptance of electric mobil-
ity, and increased deployment of charg-
ing stations by retail MNCs. The North 
America Electric Vehicle Charging Sta-
tions Market is expected to reach a value of 
$30.6 billion by 2029, at a CAGR of 33.6% 
during MR’s forecast period 2022–2029.

Top 10 Companies in Electric 
Vehicle Charging Stations Market 

Following are the top 10 companies in 
the North America Electric Vehicle 

Charging Stations Market as reported by 
Meticulous Research.

ChargePoint Holdings Inc.: Founded 
in 2009 and headquartered in California, 
U.S., ChargePoint is an electric vehicle 
infrastructure company that operates the 
largest online network of independently 
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owned EV charging stations. The company 
offers one of the industry’s most com-
prehensive portfolios of hardware, soft-
ware, and services for commercial, fleet, 
and residential customers. The company 
operates through three reportable seg-
ments—Networked Charging Systems, 
Subscriptions, and Other. ChargePoint 
also provides various computer software, 
computer hardware, and driver services – 
chargepoint network, chargepoint onramp 
program, chargepoint APIs, electric ve-
hicle supply equipment (EVSE), electric 
car charging, and electric vehicle charging 
stations. With its subsidiaries and a strong 
distribution network, the company has its 
presence across North America and Eu-
rope. ChargePoint has more than 4,000 
commercial and fleet customers and has 
delivered more than 87 million charging 
sessions worldwide.

Electrify America LLC: Founded in 
2017 and headquartered in Virginia, U.S., 
Electrify America offers electric vehicle 
DC fast-charging networks across the U.S. 
The company has the largest public DC 
ultra-fast-charging network and has de-
ployed EV charging solutions for various 
organizations with the latest technology. 
Electrify America provides a wide range 
of solutions for public charging, commer-
cial charging, and home charging. With its 
strong distribution network, the company 
has its DC fast-charging stations in 44 
states across the U.S. Electrify America has 
deployed 2,000+ DC fast chargers globally 
and provides mobile applications to find a 
convenient public charging station.

EVgo Services LLC: Founded in 2010 
and headquartered in California, U.S., 
EVgo provides fast-charging networks for 
private and public electric vehicles. EV-
go’s fast chargers deliver convenient, fast 
charges to EV drivers on the go, deliver-
ing up to 90 miles of range in 30 minutes. 
EVgo’s fast chargers are compatible with 
all EV models that accept DC Fast Charg-
ing. The firm became the first public EV 
fast-charging network in the U.S. to be 
powered by 100% renewable energy. With 

its strong distribution network, the com-
pany operates more than 800 fast-charging 
locations in 34 states of the U.S. EVgo 
fast chargers have more than 98% uptime, 
and they also provide a smartphone-based 
application EVgo App to find available 
charging stations and monitor charging 
sessions. The company serves more than 
150,000 customers with its advanced e-
mobility services.

Tesla Inc.: Founded in 2003 and head-
quartered in California, U.S., Tesla designs, 
develops, manufactures, sells, and leases 
high-performance, fully-electric vehicles, 
and energy generation & storage systems. 
Tesla provides electric vehicles, mobile ser-
vice technicians, body shops, supercharger 
stations, and energy generation & storage 
solutions. Tesla is the world’s first vertical-
ly integrated sustainable energy company 
that offers end-to-end clean energy prod-
ucts, including energy generation, storage, 
and consumption. With its subsidiaries 
and a strong distribution network, the 
company has its presence across the Unit-
ed States, China, and other countries. The 
company operates through two reportable 
segments—Automotive and Energy Gen-
eration and Storage. Tesla manufactures 
electric vehicles and other components at 
the Fremont Factory (U.S.), Bay Area in 
California, Gigafactory Nevada (U.S.), 
Gigafactory New York (U.S.), Gigafactory 
Shanghai (China), and is planning to build 
a Gigafactory in Berlin, Germany for the 
European Market. Tesla has upgraded its 
powertrain system and developed autopi-
lot and full self-driving (“FSD”) hardware 
and neural net, which helps achieve lead-
ing range, recharging flexibility, superior 
acceleration, and handling and safety char-
acteristics. As of December 2021, the com-
pany had a headcount of 99,290 employees 
across the world.

AddÉnergie Technologies Inc.: 
Founded in 2009 and headquartered in 
Quebec, Canada, AddÉnergie Technolo-
gies is a leading North American charg-
ing network operator for electric vehicles 
and a major provider of smart charging 

software and equipment. The company de-
velops smart charging solutions and man-
ages interconnected charging station net-
works with cloud-based servers. With its 
strong distribution network, the company 
has its presence across Mississauga (On-
tario), Vancouver (British Columbia), and 
San Francisco (California). The company 
provides a wide range of products and so-
lutions in the global market. AddÉnergie 
owns and operates FLO, Canada’s largest 
EV charging network, and supplies charg-
ing infrastructure and network operation 
services to third-party networks, such as 
the Electric Circuit (Quebec) and eCharge 
Network 

EV Charging Installers of America: 
Founded in 2016 and headquartered in 
New Jersey, the U.S., EV Charging Install-
ers provides electric vehicle charging sta-
tion installation services for homeowners, 
businesses, municipalities, and other clients 
throughout the U.S. The company provides 
charging solutions to various clients, such 
as residential, car dealerships, workplaces, 
hotels, car rental facilities, malls, property 
managers, parking lots and garages, and 
others. With its strong distribution net-
work, the company provides its services in 
New York City, New Jersey, Pennsylvania, 
Virginia, and Maryland. EV Charging In-
stallers has partnered with Aerovironment 
(U.S.), Blink (U.S.), Bosch (Germany), 
ChargePoint (U.S.), Clipper Creek (U.S.), 
Enel X (Italy), and Schneider (France) to 
ensure that its customers get the best elec-
tric vehicle charging stations and services.

EV Connect Inc.: Founded in 2009 
and headquartered in California, U.S., 
EV Connect provides electric vehicle in-
frastructure solutions (EVIS), charging 
stations, electric vehicle charging, man-
agement services, electric vehicle supply 
equipment (EVSE), and customized en-
terprise solutions. The company provides 
a wide range of solutions, including EV 
connect networks, white labels, API plat-
forms, deployment consultation, and EV 
charging stations. The company provides 
site assessment, deployment, and manage-
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ment services for EV charging stations to 
its customers.

EvoCharge Inc.: Founded in 2009 and 
headquartered in California, U.S., Evo-
Charge is an electric vehicle charging sta-
tion company that provides level 2 Electric 
Vehicle Supply Equipment (EVSE) charg-
ing stations and cable management solu-
tions for home and commercial use. Evo-
Charge products are used with all EVs, and 
Plug-in Hybrid Electric Vehicles (PHEV) 
are sold throughout the U.S. and Canada. 
The company is a brand of Phillips and 
Temro Industries, a Minnesota-based en-
gineered systems provider for automotive, 
trucking, and off-road vehicles.

EVSE LLC: Founded in 1969 and 
headquartered in Enfield CT, EVSE de-
signs and manufactures electric car charg-
ing stations and charging support equip-
ment. EVSE products include retractable 
cable management systems and integrated 
payment stations. The company’s patent-
pending automatic cable management 
system provides ADA-compliant electric 
vehicle charger access with a revolution-
ary design unmatched by other EV char-
ger manufacturers. EVSE is a division of 
Control Module Inc., U.S. based provider 
of innovative systems and solutions for 
workforce data collection, EV charging, 
and fleet management.

Kitu Systems Inc.: Founded in 2009 
and headquartered in California, Kitu 
Systems manufactures smart energy and 
home automation software for OEM 
product manufacturers and semiconductor 
vendors. The company offers wireless and 
wired network solutions for smart meters, 
lighting controls, wireless to wired bridges, 
in-home displays, network USB plugs, 
thermostats, water heaters, pool pumps, 
load controllers, white goods communi-
cations modules, solar panel communica-
tions modules, and electric vehicle battery 
charger communications modules. The 
company also offers consulting services for 
building applications and businesses. R

Electric vehicle (EV) charging continues to experience rapidly changing technology 
and growing infrastructure. Using data from the U.S. Department of Energy’s Al-

ternative Fueling Station Locator, National Renewable Energy Laboratory quarterly re-
ports provide a snapshot of the state of EV charging infrastructure in the United States by 
charging level, network, and location. Additionally, this report measures the current state 
of charging infrastructure compared with two different 2030 infrastructure requirement 
scenarios. DOE and NREL information is intended to help transportation planners, 
policy-makers, researchers, infrastructure developers, and others understand the rapidly 
changing landscape of EV charging infrastructure. Q2 2022, released in December 2022, 
is the tenth report in a series. Reports from previous quarters can be found in the Alter-
native Fuels Data Center (AFDC) and NREL publication databases, as well as DOE’s 
AFDC Charging Infrastructure Trends page.

In Q2 2022, the number of electric vehicle supply equipment (EVSE) ports in the 
Station Locator grew by 4.6%, or 6,165 ports. Public EVSE ports grew by 5.1%, or 5,875 
ports, bringing the total number of public ports to 121,778 ports in the Station Locator 
(see top chart). Private EVSE ports increased by 1.5%, or 290 ports. The Mid-Atlantic 
region had the largest increase in public charging infrastructure in Q2 (6.7%), though 
California, which has almost one-third of the country’s public charging infrastructure, 
continues to lead in the number of public ports. DC fast EVSE ports have a typical power 
output of 50 kW, and DC fast chargers with higher levels of power output are increas-
ingly available. Extreme fast charging infrastructure, which has a power output of 350 kW 
or more, was introduced in 2018. The number of DC fast EVSE ports with these higher 
power levels remains a minority in the Station Locator, yet is steadily increasing. R

Quarterly Growth of EVSE Ports by Public or Private Access

Quarterly Growth of Public DC Fast EVSE Ports by Power Output

Source: National Renewable Energy Laboratory; Electric Vehicle Charging Infrastructure Trends from the Alternative Fu-
eling Station Locator: Q2 2022, December 2022. Note: Percentages indicate the percent growth between each quarter.
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Business History of 
ChargePoint

ChargePoint was founded in 2007 by 
Richard Lowenthal. ChargePoint 

operates a network of over 110,000 elec-
tric vehicle charging stations globally. The 
company raised nearly $660 million in pri-
vate venture capital funding prior to a pub-
lic SPAC merger in 2021. VC investors in-
cluded Global Reserve Group, Quantun 
Energy Partners, Clearvision Ventures, 
Envision Ventures, Linse Capital, BMW 
iVentures, Kleiner Perkins, Next47, 
Rho Ventures and Chevron Technol-
ogy Ventures. Per company press releases, 
ChargePoint last raised $127 million in 
August 2020 at a post-money valuation 
of over $1.5 billion. ChargePoint became 
a publicly listed company on February 26, 
2021 after completing a business combina-
tion with Switchback Energy Acquisition 
Corp., a publicly traded SPAC or special 
purpose acquisition company.

EV adoption hits a tipping point. 
Perspective of the history of EV charging by 

Pasquale Romano as first appeared in Fortune 
magazine in late 2022. Romano is President 
and Chief Executive Officer at ChargePoint 
and a member of the company’s board of di-
rectors. Pasquale joined ChargePoint in Feb-
ruary 2011, bringing more than 30 years of 
technology industry leadership and executive 
management experience to the company.

Think back to the year 2007. It may 
feel like only yesterday, but consider 

all the things we took for granted then: 
There was probably a Blockbuster Video 
nearby, and Nokia and Palm ruled the mo-
bile device space. If you needed a ride, you 
called a taxi. If you had told most people 
back then that in a few short years those 
norms would either disappear completely 
or dramatically change, they would have 
probably laughed at you. Of course, we 
know what happened: 2007 was the same 
year Netflix began its streaming service 
and Apple introduced the iPhone, chang-

ing both entertainment and counications 
forever. 

The same year also saw massive invest-
ments in the future of mobility. The com-
pany I lead, ChargePoint, began in 2007, a 
full three years before the first mass-mar-
ket electric vehicle (EV) hit the road. The 
founders looked past the noise of the mo-
ment and saw the future—one in which all 
people and goods would use electricity to 
get from point A to point B.

Several of the world’s largest fleets, in-
cluding Amazon, FedEx, Ingka Group 
(IKEA), PepsiCo, and UPS, have shared 
that vision as well, taking up the mantle of 
climate action by implementing net-zero 
carbon goals earlier than most other indus-
tries. In Q4 2022,, the EV industry may 
be reaching a tipping point as PepsiCo an-
nounced that it will start using Tesla Semi 
trucks for deliveries in December 2022.

Where are the electric vehicles? 
Unlike other technologies and markets, 

transportation has been slow to evolve. En-
trenched interests and old habits are dif-
ficult to overcome. For years, automakers 
said there would be more electric vehicles 
as soon as there was more consumer de-
mand, but without the cars and supporting 
charging infrastructure, buyers were slow 
to materialize. Of course, that meant the 
medium- and heavy-duty vehicles (MH-
DVs) fleets rely on would have to wait even 
longer. 

Today, renewed urgency on climate, 
combined with increased incentives (for 
both vehicles and charging infrastructure), 
zero-emission vehicle (ZEV) mandates, 
fossil fuel bans, and changing consumer 
behaviors have finally pushed EVs into 
the mainstream. That’s creating a momen-
tum for the long-awaited electrification of 
fleets.

The number of zero-emissions trucks 
(ZETs) available has dramatically in-
creased over the past few years. In 2019, 
there were 20 models of Class 2b-8 ZETs 

available for purchase in the United States. 
In 2021 that number rose 625% to 145 
models. It’s expected to increase again this 
year to 165 models by 2023, according to 
leading clean-transportation organiza-
tion CALSTART. From pickups and yard 
tractors to delivery vans and school buses, 
fleets are rapidly beginning their electrifi-
cation journey. 

The business case for fleet 
electrification 

For fleets, the business case for electri-
fication is becoming much clearer. While 
the cost of MHDVs is currently higher 
than comparable diesel counterparts, that’s 
expected to change this decade as battery 
prices fall and supply-chain issues are re-
solved.

A 2019 ICF study estimated that the 
purchase price will drop nearly 50% by the 
end of this decade, a prediction research-
ers admitted was “conservative.” However, 
over time, electric cars, trucks, and buses 
have the potential to offer lower fueling 
and maintenance costs and higher driver 
satisfaction, resulting in lower total cost of 
ownership (TCO). In fact, fleets that have 
already electrified have benefited from a 
TCO 25% lower than their peers.

The other obvious benefit is that EV 
fleets reduce greenhouse gas (GHG) 
emissions by 50% or more, helping fleets 
meet their own ESG initiatives. That’s at 
the same time consumer demand for fleet 
services is growing and consumer concerns 
over the environment and public health are 
at all-time highs.

The tipping point
A recent Bloomberg analysis reported 

that in the U.S., battery-electric vehicles 
(BEVs) have surpassed 5% of new-car 
sales, a threshold that signals the tipping 
point for EV adoption.

As fleet vehicles hit the road, look for 
less tipping and more avalanches. Pent-up 
fleet electrification will accelerate, followed 
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by another wave of consumer interest as 
more people are exposed to electric mobil-
ity. Fleets will introduce drivers beyond the 
early adopters to the many advantages of 
EVs, and the floodgates will open. 

For instance, workers at a construc-
tion site will see the foreman drive up in 
an electric pickup, enabling them to power 
their tools without leaving the job site. 
Parents will wave goodbye to their kids 
as a quiet, zero-emission bus takes them 
safely to school. And electric vans will 
deliver billions of online purchases to mil-
lions of consumers. All of this is happening 
now. The fleet world as we know it is being 
transformed. 

In 2007, critics complained that nobody 
would trade their little plastic keyboard to 
type text messages and check email on a 
glass screen. Of course, Steve Jobs thought 
differently. Apple wasn’t developing a bet-
ter keyboard for texting: It was putting an 
application platform in your pocket—and 
the full imagination of the internet along 
with it. Today critics are still saying people 
will never give up their gas cars for EVs. 
Now that fleets are electrifying, the mo-
mentum is hard to ignore. The tipping 
point is here. R

ChargePoint Station Count
Date Number of  

“spots”

June 2017 35,900

July 2018 47,000

September 2018 53,000

November 2018 57,000

January 2019 58,000

June 2019 65,000

September 2019 100,000

November 2019 103,700

September 2020 114,000

March 2022 174,000

ChargePoint “designs, develops and 
manufactures hardware and software so-
lutions” for electric vehicles. Its business 
model is selling “its hardware and software 
to property owners, and to build a search-

able network of charging stations for 
drivers and maintain individual stations.”

ChargePoint Home is a small home 
charger that won an Edison Award for 
new product innovation and human-
centered design. It is available in 16A and 
32A versions. ChargePoint Home Flex 
added 50A charging support.

The CT4000 is intended for property 
owners, businesses and municipalities 
providing for charging stations for their 
employees, customers, residents and fleets. 
It was the first to support power sharing 
along multiple ports. CT4000 is a family 
intelligent dual port networked Electric 
Vehicle charging station with driver ser-
vices, mobile and web apps.

The CP4000 Family are three phase 
Mennekes charging for Europe at up to 22 
kW and can share a single three phase 63A 
circuit or use two separate 32A circuits.

CPE 100 and CPE 200 – ChargePoint 
Express DC fast chargers offer fast charg-
ing for most DC-capable electric vehicles. 
With an embedded AC-to-DC converter, 
they directly charge the vehicle battery and 
can charge some EVs in less than 30 min-
utes. Express stations are particularly suit-
able for short dwell time parking, freeway 

corridor locations and quick turnaround 
fleet charging, or at workplaces to comple-
ment CT4000 stations. Express 100 is 24 
kW, Express 200 is 50 kW, and Express 
250 is 62.5 kW. 

The CPF25 Family is designed for se-
lect fleet and multi-family applications. 
For fleets, CPF25 stations are suited for 
depot charging. For multi-family counities, 
CPF25 stations are intended for personal 
charging in assigned parking spots.[26] 
CPF32 is a European Type 2 version (still 
limited to single phase 32A charging). 
The CPF50 added 50A charging support. 
Chargepoint Express Plus Family – The 
liquid-cooled, modular 400 kW charging 
system called “Express Plus” was launched 
in January 2017 at CES in Las Vegas, Ne-
vada, USA. R

ChargePoint Last Private Funding in 2020; SPAC IPO in 2021

In August 2020, ChargePoint (Campbell, Calif.), the world’s leading electric vehi-
cle (EV) charging network, announced that it closed $127 million in incremental 

equity financing to expand its commercial and fleet portfolio in North America and 
Europe and continue to scale policy, marketing and sales efforts. The company said 
at the time: “In spite of the global pandemic, interest in transportation electrification 
continues to increase as growing expectations for climate change mitigation, im-
proved transportation economics and on-demand delivery drive more investment.”

“The shift to electric drive is intensifying for mainstream businesses and fleet op-
erators, a transition poised to be one of the most significant transformations in mod-
ern history. ... With more than a decade of category leadership, ChargePoint is well 
positioned to continue the buildout of 21st century mobility infrastructure that will 
pave the way to the mass adoption of EVs,” said CEO Pasquale Romano. Charge-
Point was founded in 2007 as Coulomb Technologies by Richard Lowenthal, Dave 
Baxter, Harjinder Bhade and Praveen Mandal. ChargePoint went public through a 
special-purpose acquisition company reverse merger in February 2021.

ChargePoint Funding Rounds 
Date Round Est. Value

8/5/2020 Series H-1 $1.58B

12/9/2018 Series H $1.2B

5/11/2017 Series G $645.1

7/7/2016 Series F $297.7

7/1/2014 Series E $192.0

5/7/2012 Series D $78.3

9/8/2010 Series C $82.2

2/1/2010 Series B $23.7

1/26/2009 Series A $7.8
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Facility Services Leader ABM Targets EV Charging Market
ABM installs 1,200 EV chargers at LAX, one of largest installations in the United States.

The need for sustainable EV infrastructure will soon be as common practice as 
using air conditioning, especially after Biden’s call for 500K new EV charging 
stations to be built by 2030. The last time the electric grid saw an increase on 

this scale was when air conditioning became the norm throughout the United States. As 
one of the top installers of EV infrastructure in the country, ABM (New York, N.Y.) is 
set to play a major role in installing the nation’s new wave of EV charging stations. ABM 
recently led one of the largest installations in the United States, installing 1,200 charging 
stations at Los Angeles International Airport, the fifth-busiest airport in the world. ABM 
has installed over 16,000 EV charging ports in the United States and Canada.  

Publicly traded ABM is one of the world’s largest providers of integrated facility ser-
vices, including janitorial, engineering, parking, electrical and lighting, energy solutions, 
HVAC and mechanical, landscape and turf, and mission critical solutions. ABM delivers 
facility solutions to properties across a wide range of industries – from commercial office 
buildings to schools, airports, hospitals, data centers, manufacturing plants and distribu-
tion centers, entertainment venues and more. Founded in 1909 “from an initial investment 
of $4.50 with a mop and a bucket,” ABM is today a Fortune 500 company with annual 
revenue of $7 billion and more than 100,000 team members in 350-plus offices through-
out the United States, United Kingdom and other international locations.

Mark Hawkinson is President of the Technical Solutions Group, which is a key part of driv-
ing organic growth for ABM and profitability for the entire company. From ensuring equipment 
reliability to providing preventative maintenance and generating guaranteed energy savings, 
Technical Solutions team members help clients by delivering essential services needed to protect 
facilities. Mark started his ABM career more than 18 years ago as an intern. As he took on 
increasingly strategic leadership roles in sales and operations over the years, Mark successfully 
helped grow ABM’s Business & Industry group. He is a graduate of North Central College with 
a Bachelor’s degree in International Business & Spanish.

CCBJ: Are the early movers in major EV 
charging installations mostly from the 
institutional and municipal sectors? 

 Mark Hawkinson: We have certainly 
seen robust demand and EV integration 
from the institutional and municipal sec-
tors, however, as society shifts to mass 
adoption, additional industries are increas-
ingly integrating EV infrastructure across 
most regions of the country.  Not only are 
we actively working with partners in the 
institutional and municipal sectors – like 
with the implementation of one of the 
country’s most advanced economy parking 
facilities at LAX for Los Angeles World 
Airports – but we are also working with 
the nation’s largest concert venues and 
event operators with large capacity spaces, 

as well as with the commercial real estate 
and hospitality industries to build modern 
parking infrastructure that elevates park-
ing models and propels the adoption of 
EV as consumer demand increases. ABM 
has experience implementing turnkey EV 
charging projects and cost-effective pre-
ventive maintenance for diverse clients like 
car dealerships, transportation hubs, busi-
nesses, local government, universities, and 
more. To date, we have installed more than 
20,000 commercial EV charging ports in 
the U.S. and Canada and manage more 
than 6 million parking spaces.

CCBJ: How do you expect the roll out 
of 500,000 charging ports to take place 
in what appears to be a very fragmented 
market?

Hawkinson: We are experiencing an 
electric vehicle revolution right now with 
EV being one of the fastest growing mar-
kets in the nation. In order to achieve 
this rollout and ensure the viability of an 
electric future, there needs to be an open 
conversation and consistent collaboration 
across public and private entities to sup-
port this investment.

Although we are on the right track, 
more needs to be done. As a collective, we 
need to think about what it takes to build 
the infrastructure that is needed to achieve 
EV goals. A few examples of ways we can 
support EV mass adoption and infrastruc-
ture development include microgrid solu-
tions that are needed to support the EV 
surge, including EV charging stations that 
ensure accessibility and compatibility. 

Additional examples include the in-
tegration of data-enabled smart parking 
services that provide a new generation of 
mobility. This is a team effort – from au-
tomotive companies making corporate 
commitments and consumers driving EV 
sales, to the government investing signifi-
cant amounts of dollars in the sector. As 
we move forward, it’s a necessity for corpo-
rate America to join us and have strategies 
in place that incorporate an EV approach 
while working with the right partners 
to deliver the reliable infrastructure and 
maintenance needed to keep pace with 
current growth projections.

CCBJ: Has the Infrastructure Invest-
ment and Jobs Act kickstarted activity 
yet, and are funds materializing?

Hawkinson: The Infrastructure Invest-
ment and Jobs Act is a crucial step not only 
for our industry but the future of the coun-
try regarding sustainable growth and a 
path towards mass EV adoption. For ABM 
and our clients, it’s opened new doors by 
encouraging them either to invest further 
in EV infrastructure or begin the process. 

Funding and support from the federal 
government following the Act is crucial to 
mass EV adoption across the country and 
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the modernization of sustainable transpor-
tation infrastructure. While it’s up to the 
states to allocate and decide how to spend 
the money, there’s already been a great 
push towards the implementation of these 
funds in crucial areas of the country. 

While we’re seeing major EV markets, 
like California and New York, continue 
making moves towards expanding their 
EV footprint, it’s been exciting to see areas 
in middle-America and more rural spots 
throughout the country embrace the funds 
and take steps to create a more sustainable 
environment. 

CCBJ: What partners do you expect to 
engage with regionally as ABM develops 
its EV charging infrastructure business?

Hawkinson: ABM has EV infrastruc-
ture installations across every region of 
the U.S., so we work very closely with our 
clients on a local level across the country. 
We work with various parking garages, 
airports, sports facilities, and other public 
buildings throughout the country, but re-
cent announcements from automakers on 
new EV models and plans to go all-electric 
have kickstarted long-lasting partnerships 
with car dealerships throughout the coun-
try. 

We are excited to further our partner-
ships with automakers and their dealer net-
works as we see more and more EV model 
announcements almost daily. ABM’s work 
with installing EV infrastructure at dealer-
ships is crucial for mass EV adoption, as 
dealers must be able to service and educate 
buyers on the cars they sell – especially as 
EV interest and availability soars.

CCBJ: Many early EV installations in 
municipalities or public spaces are free 
to use. Do you expect this to continue?

Hawkinson: While we have seen that 
many early installations of EV chargers in 
municipalities and public spaces are free 
of charge for EV drivers to use, I believe 
we can expect that to differ on a case-by-
case basis, and especially geographically. 

For the time being, it is safe to say that EV 
charging will remain free of charge as mass 
adoption continues and will most likely be 
revisited as a potential revenue source over 
time and based on the facility. 

CCBJ: How would you describe the cost 
curve for charging units over the last 
decade?

Hawkinson: As with any new technol-
ogy, there’s been rapid advancements over 
the last few years; including the addition of 
credit card readers, cloud integrations, app 
integrations, upgrades to charging cables, 
cable management systems, and increases 
in overall capacity of charging stations. 
Generally, the pricing hasn’t decreased sig-
nificantly, but the available options have 
increased the value of modern charging 
stations. The ultimate goal is to decrease 
the time it takes to charge vehicles. The 
current limitations that we are seeing are 
not so much in the charging stations them-
selves rather in the availability of electrical 
infrastructure to power the charging sta-
tions in individual facilities.

CCBJ: What particular design skills 
or technical disciplines give ABM an 
advantage in playing a leading role in 
the development the electric vehicle 
network?

Hawkinson: We’re constantly looking 
for new ways to deliver innovative solutions 
that will support the EV and parking evo-
lution and enhance the driver experience. 
For example, we launched an integrated 
Smart Parking system, ABMVantage, that 
redefines existing parking infrastructure. 
ABMVantage is a data-enabled, driver-
first Smart Parking platform that deploys 
the latest technological advancements and 
EV charging infrastructure for customers 
in a single, streamlined, and unified solu-
tion. It combines parking infrastructure, 
equipment, AI-enhanced analytics, EV 
capabilities, electrical management, valet, 
and maintenance into one cohesive ecosys-
tem that optimizes operational efficiencies.

ABMVantage serves as a central plat-
form that collects data from disparate 
parking systems viewable through a single 
hub containing owner and operator dash-
boards loaded with real-time, actionable 
insight that propels profitability for park-
ing personnel with lower operating costs. 
It integrates with existing infrastructure 
enhanced by best-in-class technology and 
equipment, creating a streamlined open 
systems concept to fit and grow with the 
evolving needs of parking garage owners 
and their customers. 

CCBJ: How did you get involved in this 
field in the first place, and what direct 
impacts of climate change have you 
observed in your lifetime?

Hawkinson: I started my career with 
ABM over 20 years ago and have watched 
the need, respect and desire for environ-
mentally responsible and sustainable prod-
ucts, services, and practices grow expo-
nentially over that time. ABM is a driving 
force for a cleaner, healthier, and more sus-
tainable world, providing an array of facil-
ity and e-mobility solutions to various in-
dustries, including janitorial, engineering, 
energy solutions, aviation, parking, electri-
cal and lighting, HVAC and mechanical, 
and mission critical solutions. 

My role as president of our Techni-
cal Solutions business provides me with a 
unique view into how we evaluate needs 
and identify, test, and deploy innovative 
new solutions that continue to emerge dai-
ly.  Today, I’m seeing more government en-
tities, businesses, and individuals embrace 
an increasingly holistic approach in ad-
dressing climate change -- more specifical-
ly, in the transportation industry with the 
Biden Administration’s commitment to 
allocating funds toward the advancement 
of electric vehicle infrastructure across the 
country. We’re witnessing, in real time, the 
evolution of vehicles and the infrastructure 
to support the anticipated mass adoption 
of EV in an effort to reduce emissions and 
our collective carbon footprint. R
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Carbon Limit Develops Carbon Storage Innovation With 
Commercialization of Cement Technology Capturecrete

Carbon Limit (Boca Raton, Fla.) is decarbonizing concrete for greener cities with 
a green cement technology that transforms our built environment into an active 
and permanent carbon capture and storage solution to global CO2 pollution. 

Carbon Limit is a climate tech company decarbonizing the concrete industry with a novel 
dual impact technology that transforms the built environment into an active and perma-
nent solution to global CO2 pollution. Concrete structures built with Carbon Limit’s 
cement will be able to capture CO2 pollution directly from the air and store it permanently, 
improving air quality and promoting a healthier environment in our cities and communities.

Tim Sperry, founder and CEO of Carbon Limit, is a self-taught entrepreneur who founded 
two climate tech companies: Carbon Limit and Smog Armor, where he invented novel carbon 
capture and storage technologies. After losing close family members as a child to lung cancer, he 
developed a strong passion for protecting nature and solving global CO2 pollution. He has found 
early success by creating effective yet easily adoptable solutions that enable anyone worldwide to 
make an impact. Most importantly, he built a strong dedicated team and a deeply rooted com-
pany culture.

CCBJ: Carbon capture using building 
materials is an innovative idea, so con-
gratulations on what you’ve achieved so 
far. Carbon Limit’s cement and concrete 
can capture carbon chemically?

Sperry: Yes, it is a mineral carbonation 
technology (MCT), where the atmospher-
ic CO2 that is adsorbed into the concrete 
chemically reacts with the hydration prod-
ucts of the cement clinker and the CO2 
reactive mafic and ultramafic lithologies in 
CaptureCrete to form precipitated calcium 
carbonate in the concrete where the CO2 
is stored permanently in the concrete.

CCBJ: Concrete and cement manufac-
turing contribute a significant share of 
global greenhouse emissions. How do 
you develop a double-benefit message 
for your technology?

Sperry: Cement is responsible for 90% 
of the carbon footprint associated with 
concrete production, which prompted us to 
create a cement replacement that will help 
transform that environmental impact into 
a positive one. Unlike traditional Portland 
cement, Carbon Limit’s CaptureCrete 
is made of class N pozzolans, which are 
non-calcined materials, so there are no fuel 

and energy requirements or emissions as-
sociated with the manufacturing. It simply 
replaces traditional ordinary Portland ce-
ment (OPC) at the point of manufactur-
ing, effectively lowering the carbon foot-
print. But that’s not all. Once the concrete 
is made with CaptureCrete cures, the sec-
ond phase of decarbonization begins, as the 
concrete starts to actively attract, capture 
and mineralize CO2 into the concrete as 
a solid carbonate, improving performance 
and healing micro-cracks over time.

CCBJ: What is your view of alternative 
building materials that have been intro-
duced to the market so far?

Sperry: We love to see innovation in 
this space driven by the need to be more 
sustainable and create a lower carbon 
footprint. The current view is that there 
need to be more incentives to adopt and 
implement these new building materials 
and technologies, and maybe more impor-
tantly municipal, state, and the federal gov-
ernment stepping up to create and allow 
new standards that allow for mass-market 
adoption of these technologies and new 
materials.

As for how they compare to our solu-
tion, Capturecrete does not require addi-
tional processing or third party feedstock 
of CO2. It’s a clean foundation for greener 
concrete and the only one in the market 
that transforms concrete into an active and 
permanent carbon sink!

Unlike traditional Portland 
cement, Carbon Limit’s 
CaptureCrete is made of 
class N pozzolans, which 
are non-calcined materials, 
so there are no fuel and 
energy requirements or 
emissions associated with the 
manufacturing. 

CCBJ: Tell us about your first company, 
Smog Armor. How did that idea come 
about, and what have you learned that 
you are applying to Carbon Limit?

Sperry: My inspiration comes from the 
loss of family members when I was young 
as a result of a third party polluting their 
environment. It planted a seed that would 
ultimately drive me to create the air-puri-
fying paint technology for Smog Armor. 
We quickly became aware of the impact, 
and it wasn’t about the paint, but rather the 
technology that allowed any person around 
the world to simply paint away air pollu-

tion.

After multiple third party testing and 
verifications of the technology in different 
materials including the paint, we discov-
ered it was also effective at removing CO2. 
That’s the moment we began to think big-
ger, and Carbon Limit was born, with a 
mission to remove over 1 billion tons of 
CO2 from the atmosphere.
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Market reception for Carbon Limit in-
creased last October 2021 when the global 
cement and concrete associations commit-
ted to Net Zero by 2050 and more pressing 
also committed to a 25% carbon footprint 
reduction by 2030. Since then we have 
been approached by multiple cement and 
concrete companies interested to see how 
Carbon Limit’s CaptureCrete can help 
them reach their carbon goals and sustain-
ability commitments toward their custom-
ers.

One thing we learned from Smog Ar-
mor going into Carbon Limit: it’s all about 
the story and making your customers part 
of it as direct contributors to the success of 
the mission.

CCBJ: Looking back, what inspired you 
to pursue your career and take the entre-
preneurial path?

Sperry: As a child, I was always inter-
ested in building new things and solutions. 
I remember getting Legos and not once 
building what was on the box, I always 
wanted to create something new and from 
my imagination.

As I got older and started adopting the 
life of an entrepreneur, I approached things 
from an innovative perspective but was 
more focused on what would bring finan-
cial return instead of fulfillment. It wasn’t 
until a business of mine consumed all my 
time and energy that I decided I needed 
to do something I’m passionate about to 
power me through the hurdles that would 
inevitably come in the course of building 
a legacy. This is what drove me to want to 
solve the world’s pollution and CO2 prob-
lems, starting with Smog Armor. R

Carbon-Neutral Consulting Leader Stephen Crolius 
Advocates and Advises on Hydrogen and Ammonia 

Since 2019, Carbon-Neutral Consulting (Warwick, R.I.) has been providing busi-
ness strategy counsel to companies encountering opportunities and challenges 
driven by the global energy transition. Principals have been engaged with the en-

ergy transition for as long as the energy transition has been underway. One focus has been 
on hydrogen-rich fuels that can be produced, stored, transported, and used in an economi-
cal manner. Another has been transportation electrification and vehicle-grid integration.

Stephen H. Crolius is President and co-founder of Carbon Neutral Consulting with 25 years 
of business strategy experience at The Boston Consulting Group and other firms. He was a climate 
advisor and program leader at the William J. Clinton Foundation’s Climate Initiative.

EBJ: Tell us about Carbon Neutral 
Consulting. What led you to set up the 
business?

Crolius: My partner Trevor Brown and 
I saw the opportunity to start a consulting 
firm in 2019 after we got the Ammonia 
Energy Association going as an indus-
try body focused on the use of ammonia 
as a zero-carbon energy commodity. In 
our roles (at that time, part-time Execu-
tive Director and President, respectively), 
we were running across a lot of compa-
nies working on some aspect of the energy 
transition and that had questions. Often 
the questions were about early markets for 
clean energy commodities, or the cost of 
those commodities vs. their fossil counter-
parts. The answers to these questions help 
shape business strategy, and since busi-
ness strategy has been the foundation of 
my professional life, the idea of starting a 
firm focused on the business strategy di-
mension of the energy transition seemed 
compelling.

EBJ: Summarize your experience with 
the Clinton Foundation. Which of your 
ideas were broadly embraced and which 
were dismissed as premature but have 
since come to pass?

Crolius: My experience at the Clinton 
Foundation (I was never a member of the 
Clinton administration) was extraordinary. 
I served as a senior manager at the Clin-
ton Climate Initiative. Our charge was to 
pick out promising ideas that, if imple-

mented at scale, could meaningfully reduce 
greenhouse gas emissions – and then use 
the convening power of the Clinton name 
(and the man himself ) to bring interested 
stakeholders together to galvanize practi-
cal action around the idea. So, by defini-
tion, all of our efforts were focused on ideas 
that were premature for the market. But, as 
a result of our efforts, a number of the ideas 
were given early incarnations.

For strategy formulation, a 
better term than “decision 
tree” might be “logic chain”. 
The usual process is to bring 
a particular state of play into 
focus and then reason up from 
that to the broad strokes of a 
strategy...”

One great example is ammonia energy. 
My Clinton colleagues and I were able to 
engage in a series of discussions with ex-
perts on hydrogen energy and related top-
ics, and use those inputs to bring the op-
portunities and challenges associated with 
ammonia energy into focus. Some of those 
experts were members of a body called 
the NH3 Fuel Association (NH3FA). We 
launched an initial convening effort with 
the NH3FA in California. The effort failed 
to gain traction, but when I left the Clin-
ton Foundation, I joined the Board of the 
NH3FA and, within a couple of years, had 
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Regulatory processes are definitely one 
of the factors in the business environment 
that we consider. For strategy formulation, 
a better term than “decision tree” might be 
“logic chain”. The usual process is to bring 
a particular state of play into focus, and 
then to reason up from that to the broad 
strokes of a strategy – along the lines of 
the following: “Even though regulatory 
intervention does not seem to be in the 
cards at this time, many B2B customers in 
the xyz market are seeking products with a 
lighter GHG footprint – hence there is a 
rationale for investing in green production 
at this time”.

EBJ: Which client sectors are most 
receptive to this approach?

Crolius: We have one group of clients 
who are mid-size renewable energy devel-
opers looking at products and markets be-
yond green electricity; and another group 
who are large companies working to stake 
out early positions in business arenas that 
have extraordinary growth potential.

Oil and gas companies and electric 
power utilities are very prominent in the 
business environments of our clients, so we 
do spend a lot of time studying them. Rel-
evant companies in both industries – with 
“relevant” defined as in terms of their evi-
dent degree of sincere interest in the en-
ergy transition – have approaches that are 
more deliberate than dynamic. Even so, we 
would be much more pessimistic about the 
energy transition if they were not on the 
scene at all.

EBJ: Finally. what led you to devote your 
career to environmental and climate 
pursuits, and what inspired you early on?

Crolius: My fundamental orientation in 
life was set from the moment I read Silent 
Spring as a teenager. I wish I had been able 
to devote more of my career to addressing 
environmental and climate issues, but I’m 
very glad to have had the opportunity to do 
so over the last 16 years. R

Potential of the Maritime Ammonia Ecosystem

Steve Crolius of Carbon-Neutral Consulting is an advocate of the ‘Maritime 
Ammonia Ecosystem’ and shared his perspective with Tech Round for their 
‘Predictions for Sustainability in 2022’. Based on reports that surfaced over 

the last year, several trends are starting to flow together in a way that will drive the 
adoption of ammonia as a bunker fuel. They include:

Demand-side voices for maritime decarbonization. Example: In October a 
group of high-profile cargo owners formed Cargo Owners for Zero-Emission Ves-
sels with the goal of accelerating maritime shipping decarbonisation.

Procurement steps by ship owners. Example: In November, Fortescue Future 
Industries announced that it would have an ammonia-fueled ship in operation before 
the end of 2022 with the goal of showing “the shipping industry the power of a vessel 
fueled by green ammonia in real world conditions.”

“Pan out, and what comes into a view is a maritime ammonia 
ecosystem that is tangibly taking shape – not in some imagined 
future but now, in 2022.”

Vessel development by shipbuilders. Example: In September, Korean Shipbuild-
ing and Offshore Engineering announced that it and its partner Hyundai Heavy 
Industries had received approval in principle from Bureau Veritas for an ammonia 
carrier with ammonia fuel propulsion.

Propulsion system development by engine manufacturers. Example: In De-
cember, WinGD announced that it would offer ammonia-fueled versions of its cur-
rent maritime engines by the end of 2025.

Supply infrastructure for low-carbon ammonia. Example: In November, Getech 
announced that it will build a green hydrogen hub at the port of Shoreham in the 
United Kingdom whose elements will include an ammonia importation facility that 
will also be able to serve as a bunkering terminal.”

“Pan out, and what comes into a view is a maritime ammonia ecosystem that is 
tangibly taking shape – not in some imagined future but now, in 2022.”

the chance to relaunch it as the Ammonia 
Energy Association. (This is a vivid exam-
ple of the reality that most initiatives have 
a longer gestation period than initially 
imagined.)

EBJ: Carbon-Neutral Consulting’s busi-
ness proposition seems to be forecasting 
regulatory scenarios and translating that 
into strategic decision trees. How would 
you describe your unique perspective on 

carbon neutrality pursuits, Net Zero, 
ESG and energy transition scenarios?

Crolius: Most of our work involves 
two broad activities: 1) bringing complex, 
messy states of play in the business envi-
ronment into focus so that clients are able 
to formulate long-term strategies with fa-
vorable risk/reward profiles; and 2) trans-
lating long-term strategies into near-term 
plans for effective client action.
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Carbon Market Exchange Models and Expands its Forest 
Management and Credit Mission in Indonesia

As the definitive market leader in nature-based offset credits, Carbon Market Ex-
change Ltd. (Lansing, Mich.) is dedicated to uniting the financial industry and 
climate action in a way that makes meeting international climate targets more 

accessible for companies — and more supportive for conservationists. Established in 2021 
by an elite group of environmentalists and finance executives, the company now has op-
erations in both the United States and Belize. In Q1 of 2022, Carbon Market Exchange 
launched its nature-based, carbon-backed crypto token XCO2, which can be accessed via 
Ethereum. The company’s goal is to ensure 30% of the planet is conserved by 2030.

Shenna Fortner is Chief Executive Officer of Carbon Market Exchange Ltd. and an en-
vironmental solutions expert with over 15 years of experience. A passionate climate and social 
activist, she is a trained environmental lawyer and featured speaker on environmental issues 
and has a track record of crossing cultural and socio-economic barriers to resolve environmental 
problems. As a conservation officer in Belize, she served as liaison between co-management enti-
ties and the Ministry of Fisheries where she worked for the protection of the second largest coral 
reef in the world, the Mesoamerican Barrier Reef. Shenna assisted in the petition of the Public 
Utilities Commission on behalf of the Rosebud Lakota Tribe to reconsider the route of the Key-
stone XL pipeline, the Apache Tribe preserving Oak Flat and the Standing Rock Sioux Tribe in 
their stance on the Dakota Access Pipeline.

Drawing from more than 30 years of financial and management experience, Ralph Carmi-
chael is Chief Financial Officer and General Counsel of Carbon Market Exchange Ltd. He 
holds numerous patents that span industries and is a recognized authority on exit strategies and 
liquidity alternatives for institutional investors. His professional credits include BŌNWRx Ltd, 
a manufacturer of complex spine surgery implants that he founded and led to a market value of 
over $500 million, as well as Carmichael & Company LLC, a merchant bank that managed 
over $6 billion in assets and advised on over $100 billion in transactions, and membership on 
the investment committee of an international private equity fund that turned $384 million into 
over $1.8 billion in just eight years.

CCBJ: Carbon Market Exchange has 
ambitious plans for leadership in nature 
based offset credits. Tell us how the team 
got together, and how you have devel-
oped your business model.

Shenna Fortner: I took a small team to 
Belize to secure our first carbon project. As 
a returned Peace Corps volunteer in Belize, 
I established an extensive network of local 
community-based and non-government 
organizations working in environmental 
conservation. During that week of initial 
negotiations for the carbon offsets from 
the Maya Forest Corridor, I met Ralph 
Carmichael, our future CFO, through a 
mutual friend and shareholder. The Maya 
Forest Corridor is a significant connec-
tion corridor that serves as a haven for 

threatened and endangered species and is 
the largest reserve north of the Amazon. 
Ralph’s expertise within the financial sec-
tor and motivation to preserve the natural 
world was the perfect fit to catalyze access 
to capital for nature-backed carbon projects.   

Ralph Carmichael: Coinciding with 
Shenna’s mission in Belize, I was working 
to stop Vulcan from strip mining White 
Ridge farms. The freshwater aquifer under 
Belize runs from the Yucatan to Panama 
and polluting it would be devastating to 
Central America. The property is home 
to over 12 thousand endangered species, 
including jaguars and about eight other 
large cats, plus tapirs, sea turtles, manatees, 
and various plants that most medicine is 
derived from. We may be causing the cure 

for cancer to become extinct. Also, having 
mine run off near the barrier reef would be 
devastating to all of us – the Gulfstream 
comes from South Africa, hits Belize and 
continues around Cuba to the East Coast 
of the United States. 

From the very onset, Sheena and I were 
aligned in our mission to combat climate 
change and recognized the strengths in 
bringing together my finance experience 
with her environmental background.

CCBJ: Indonesia seems an obvious 
model project given its emissions profile 
and natural resources embedded in for-
est assets — but perhaps not so obvious 
for a company based out of Lansing, 
Michigan. How did Carbon Market 
Exchange establish its global profile?

Carmichael: Our work is around the 
world; Lansing is just where I live and have 
businesses. Also, Lansing is close to Mich-
igan State University, one of the premier 
schools for environmental sciences that 
many of our scientific partners have ties to. 

Fortner: The overall vision for Carbon 
Market Exchange was to expand projects 
into the last three most extensive stand-
ing forests on Earth. Climate change is a 
global issue that needs a global perspective.  
With the advent of the internet, the world 
is at our fingertips and the interconnected 
reality of climate change requires global 
action. Our success in Latin America led 
us to projects in Africa and Southeast 
Asia. It’s not a hard sell: Countries and 
communities receive money for protecting 
their biodiversity-rich areas. It’s a win-win 
scenario for all; countries can meet their 
Nationally Determined Contributions and 
bring in the necessary capital for climate 
mitigation and adaptation.  

Success in Latin America led to 
projects in Africa and Southeast 
Asia.
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CCBJ: What is your opinion of the 
quality of forest carbon offsets available 
in the market over the past several years 
and of the history of previous programs 
like the clean development mechanism 
and voluntary offset markets?

Fortner: Whether we’re transitioning 
from Clean Development Mechanism 
(CDM) under the Kyoto Protocol or en-
tering Article 6.4 of the Paris Accord, we 
need projects that protect biodiversity in 
perpetuity, benefit local community stake-
holders, and provide climate mitigation 
and adaptation finance to countries. We’re 
creating rules that we cannot even meet.  
Countries are scrambling to meet Nation-
ally Determined Contributions (NDC) 
requirements that place the financial obli-
gation on their shoulders.  

Carmichael: Carbon offsets have a sor-
did history and sadly, numerous frauds 
have occurred. We adhere to the highest 
standards of integrity, impact, and science. 
Carbon Market Exchange Ltd. credits are 
the premium credits in the market. 

Fortner: Some NGOs created forest 
projects on land that had no threat of de-
velopment, others received carbon offsets 
from forests that they are now logging.  
We need transparent project descriptions, 
with real audits, and a model that benefits 
Lesser Developed Countries that are car-
rying the burden of Developed Countries’ 
progress.  

CCBJ: As Carbon Market Exchange 
develops more projects and assets, what 
partners will you bring in for forest man-
agement, monitoring technology, third 
party verification, and other services 
needed connect the dots in the offset 
market?

Carmichael: Our business model 
evolved from just environmental protec-
tion projects in Central America to a full 
service carbon finance organization which 
operates in North and South America, Af-
rica, and Asia. Not only do we originate 
projects, but we also provide much needed 

capital to poverty stricken communities, 
and buy/sell carbon offsets and allowances.

Fortner:  It’s an exciting time of growth 
for Carbon Market Exchange Ltd.  In for-
est management, we work with local or-
ganizations, NGOs, and communities to 
establish on-ground monitoring of their 
forests. We are negotiating to bring on a 
team of project developers and AI technol-
ogy for live feed monitoring. In 2023, we’ll 
launch a marketplace for carbon offsets 
with blockchain technology and integrate 
carbon offsets into Web3.  Carbon Mar-
ket Exchange works with local and global 
NGOs, Indigenous tribes, and communi-
ties, as we expand, our impact grows.  

CCBJ: What was your personal moti-
vation to get into this field in the first 
place? 

Fortner:  I’ve worked in environmental 
conservation for over 15 years and wit-
nessed the hurdles and successes of many 
campaigns. One major hurdle for conser-
vation efforts is access to capital, and there 
was the light bulb moment it makes sense. 
The nature-backed carbon offset market 
provides an economic model that benefits 
governments and local communities. The 
market can assist in preserving 30% of the 
planet by 2030 as our lives depend on it.   

Carbon Market Exchange Signs MOU to Preserve 
Ecosystems in Gorontalo, Indonesia
Project raises carbon rights and carbon offset credits from hectares of marine and 
mangrove ecosystems.

In November, 2022, Carbon Market Exchange Ltd. signed a Memorandum of 
Understanding to commence a carbon offset project to preserve, maintain, and 
protect hectares of coral reefs and mangrove forests in Gorontalo Province, Re-

public of Indonesia. The agreement was signed by Gorontalo Province Acting Gover-
nor Hamka Hendra Noer, who noted that the program is “very important to maintain 
the two ecosystems that are the lungs of the world.”

Under the terms of the memorandum, Carbon Market Exchange Ltd. will lead a 
comprehensive feasibility study and oversee the preparation of Project Design Docu-
ments (PDD) which distills overarching objectives, legal compliance, and long-term 
business plans that are required for Verified Carbon Units (VCU) registration

Located on the Minahasa Peninsula on the island of Sulawesi, the Gorontalo 
Province has a diverse topography that includes a complex ecosystem of coral reefs 
and mangrove forests. Conservation International recently reported that Indonesia 
boasts more mangrove trees than anywhere else in the world, with an area that spans 
more than 12,000 square miles. Mangrove trees are not only vital in the protection 
of shoreline communities, but they also have the unique ability to store substantial 
amounts of carbon and are proven to be instrumental in the fight against climate 
change.

“Indonesia is among the world’s leading carbon emitters. After one year, the coun-
try reopened its carbon markets this month with a strong commitment and ambitions 
target of reducing emission levels by nearly 32% by the year 2030. Carbon Market 
Exchange is proud to partner with government officials to accomplish this goal and 
work towards the country’s pledge to reach net zero emissions by 2060,” said Shenna 
Fortner, CEO, Carbon Market Exchange.
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Carmichael: I own several compa-
nies which I started and have successfully 
grown to a value of over $500 million, and 
as a result I could retire at any time. How-
ever, I have children. What are we leaving 
for them? If environmental issues are not 
resolved, the only value of the U.S. dollar 
will be to burn it in your furnace. I simply 
cannot stand by idly and wait for the gov-
ernment to fix the problem.

The United States has been regulating 
the environment since 1899. What has 
been achieved? Unless business and finan-
cial executives like me get involved, the re-
ality is that the human species will cease 
to exist. I cannot leave my children to deal 
with these issues alone. We need to take 
action now that achieves real results not 
political agendas.

CCBJ: Finally, what are your thoughts 
on CCBJ’s  natural infrastructure model, 
and how it could be made more compel-
ling to policy makers?

Fortner: CCBJ’s natural infrastruc-
ture model requires cross collaboration 
amongst several agencies, its strength and 
downfall. To make this more compelling to 
policy makers, viable options for sustain-
able development at community and state 
levels are required.   

Carmichael: The Natural Infrastructure 
Model is interesting, although we simply 
do not have enough time to transform the 
world’s economic/financial structure. We 
need to work within accepted models to 
advance the Natural Capital Model. Car-
bon offsetting is one option as it provides a 
financial incentive for companies to reduce 
emissions. As market prices for offsets in-
crease, the cost to emit also increases.

CCBJ: How would one institute a global 
retroactive carbon tax, and what mul-
tilateral institution could possibly be 
considered to enforce and collect it?

Fortner: Ideally, a levy on pollution 
across the globe requires the collaboration 
of 194 parties from the Paris Agreement.  

EBI’s Model of the Economic Value of ‘Natural Infrastructure’ ($tril)
EBI’s conceptual model puts the 2020 economic value of ‘natural infrastructure’ at $33 

quadrillion based on a meta-study of natural resource data and environmental economics 
papers, mostly in the academic realm. The theory is that acknowledging the  finite value of 
Earth and its resources and ecosystems—or its ‘natural capital’ or ‘natural infrastructure’—
supports the validity of using economic instruments to account for incremental negative 
impacts on that value like pollution taxes or resource extraction fees. Conversely, economic 
models increasingly assign credits to positive impacts provided by effective management 
of natural infrastructure assets to preserve, enhance, restore or even create value.

Natural Asset Pre-Human 2020 Loss

Atmosphere  12,000  10,800  1,200 

Hydrosphere

Oceans  4,000  3,600  400 

Ice Caps  600  400  200 

Lakes & Rivers  2,200  1,600  600 

Hydrologic Cycle  2,600  2,500  100 

Other  2,000  1,800  200 

Biosphere

Forests  2,400  1,400  1,000 

Wetlands  400  220  180 

Biodiversity  6,000  5,200  800 

Other  2,000  1,400  600 

Lithosphere  4,000  3,900  100 

Total  38,200  32,820  5,380 
Source: Environmental Business International Inc. Estimates by EBJ derived from multiple sources of NGO, think-tank 
and academic papers on each line item, natural capital & ecosystem services and interviews and email communica-
tions with analysts, researchers and environmental economists   

Although the UN could initiate, the 
policy must be implemented at coun-
try level.  Currently, countries are 
bearing the weight of meeting Na-
tionally Determined Contributions 
(NDC) versus the burden on the 
polluters. Without global collabora-
tion, countries that do implement a 
levy fear the relocation of businesses 
to countries with less regulation.

Carmichael: Carbon taxes are 
price tags placed on emitters of CO2 
by governments, and allowances are 
permits to pollute arbitrarily created 
and issued by governments. These ‘sin 
taxes’ are passed on to consumers and 
result in higher costs for necessities 
such as food and heat. Thus, the bur-
den will be borne by those least able 
to afford the tax. R

Retroactive Carbon Tax
CCBJ has advocated carbon taxes since its 

founding and suggests that imposing a global 
carbon tax would require the adoption of a 
fund to account for all emissions prior to im-
position of such a tax. We proposes a retroac-
tive carbon tax deploying an accurate global 
record of CO2 emissions dating back to 1900 
and holding nations accountable for commit-
ting resources to a fund based on their history 
of emissions. We proposed a sliding scale with 
a higher rate per ton in more recent years to 
reflect the awareness that all governments have 
had about emissions profiles and various efforts 
to get global consensus on reducing emissions. 
The low end of a $1-5 per ton retroactive tax 
represents a $4 trillion dollar commitment; the 
mid-range of $1-10 per ton $8 trillion. With 
many that analyze the EU ETS acknowledg-
ing that $20 per ton is a reasonable baseline, 
scaling the tax to a current level $1-20 per ton 
creates a fund commitment of $14 trillion.



30    Climate Change Business Journal 4th Quarter 2022Market Intelligence on the Climate Change Industry

Clean Edge Draws on Decade of Analysis to Assess Trends 
and Investment in Changing Industry Landscapes

Clean Edge Inc. (San Francisco, Calif.) is a developer and publisher of thematic 
research on clean energy, transportation, water and the grid. The firm is a con-
tributor to the Nasdaq Clean Edge Green Energy Index (CELS), which was 

launched in partnership with Nasdaq in 2006. Other indexes include the Nasdaq OMX 
Clean Edge Smart Grid Infrastructure Index, ISE Clean Edge Water Index, and ISE 
Clean Edge Global Wind Energy Index. All tracking financial products of Nasdaq Clean 
Edge indexes exceed $4 billion in assets under management (as of October 2022 based 
on FactSet data).

Ron Pernick, co-founder and managing director, oversees the development and production of 
Clean Edge’s thematic stock indexes tracking clean energy, transportation, water, and the grid. 
Ron co-authored the first report to identify the business and financial opportunities of clean 
technology (Clean Tech: Profits & Potential, 2001) and has since helped to track and chronicle 
the opportunities and challenges facing the sector. He is the co-author of two books on clean-tech 
business and innovation, Clean Tech Nation (HarperCollins, 2012) and The Clean Tech Revo-
lution (HarperCollins, 2007). He has taught MBA-level courses at Portland State University 
and New College and is a regular speaker at industry events. 

CCBJ: Given all of the companies and 
different business models globally, what 
scenarios do you see for a shakeout in the 
electric vehicle industry? What happens 
to China, and what happens to Tesla?

Ron Pernick: Clean Edge, based on 
our market assessments, has been a strong 
believer in the shift from the internal 
combustion engine to all-electric battery 
powered vehicles. While Japan and others 
pushed for fuel cell vehicles for passenger 
transport, the clear winner has been, and 
we believe will continue to be, lithium-ion 
battery packs. 

Tesla has led this charge, clearly inno-
vating and scaling the global EV market-
place. The company’s extensive charging 
network, global giga-factories, and un-
precedented technological know-how, not 
to mention its broader and aligned energy 
storage business, still puts Tesla in a unique 
position.

But Tesla’s success and progress have 
woken up the broader auto industry. So, 
while there are still opportunities for new-
comers, we expect to see significant EV 
leadership coming from GM, Ford, Hyun-
dai, and other large traditional auto manu-

facturers. For us, a big day will be when 
one of the auto incumbents make it into 
the Nasdaq Clean Edge Green Energy In-
dex (when 50% or more of their revenue 

comes from EV and clean-energy activi-
ties). That’s still likely some years away, but 
it’s very much on the horizon. 

Regarding China, right now we are see-
ing a race between China, South Korea, 
the U.S., Japan, and Europe to lead in the 
race to dominate the EV manufacturing 
industry. The future of transportation, and 
in many ways the broader energy land-
scape, will be won by those countries that 
line up the full EV value chain of raw ma-
terials, processed materials, manufacturing, 
and infrastructure for battery storage tech-
nologies. 

The Inflation Reduction Act, combined 
with the CHIPS and Science Act and the 
Bipartisan Infrastructure Law, goes a long 
way to ensure a good chance for the United 
States to build a robust EV ecosystem. I’d 
put the United States at or near the top of 
nations that are best positioned to domi-
nate the sector, alongside China, in the 
coming decade. 

CleanEdge Battery Business Market Map
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CCBJ: In storage, speculation about the 
extent to which wind and solar can de-
liver the maximum percentage of power 
in the United States revolves around 
battery technology and cost curves. Is 
the consensus that batteries will follow a 
curve like solar or wind?

Pernick: It is really all about cost and 
economics. Levelized costs for new utility-
scale solar and onshore wind projects are 
now lower than those for natural gas and 
coal. Solar and wind costs fell 90% and 
72%, respectively, between 2009 and 2021,  
according to Lazard’s 2021 Levelized Cost 

of Energy report. These lower costs have 
resulted in an abundance of new solar 
and wind projects. New electricity capac-
ity additions have skewed heavily toward 
renewables in recent years, with solar and 
wind representing 81% of capacity addi-
tions in the United States in 2021. All this 
new renewable energy, however, needs to 
be integrated into the grid and, in a grow-
ing number of cases, stored. Lowering grid 
integration barriers and storage costs will 
be key to the continued mass deployment 
of renewables. 

The good news is that both utility-scale 

EV Deployment and Market Share on the Rise

Electric vehicles (EVs) have begun to penetrate global markets, with 16.2 
million electric passenger cars on roads as of 2021 (up from just 190,000 
in 2012). China leads the world in total deployment at 6.2 million battery 

electric vehicles (BEVs) and 1.6 million plug-in hybrid electric vehicles (PHEVs). 
The number of EVs in China expanded by an astounding 46,000% since 2012, with 
market efficiencies driven by heavy investment in domestic EV production. Electric 
passenger car sales doubled between 2020 and 2021, reaching 16% of total vehicle 
sales. Second-place United States has deployed just over 2 million EVs, with nearly 
27x growth since 2012, comprising 4.6% of all vehicles sold in 2021.

While China and the United States surpass all other countries in total sales, Eu-
rope leads in EV market penetration. Ten European countries topped the world 
ranking for EVs sold as a percentage of total vehicle sales in 2021. These countries 
have strong incentives in place for EV owners, including reduced taxes, tolls, and 
parking fees. Norway and Iceland top the chart, with EVs making up 86% and 72% 
of passenger car sales, respectively. EV passenger car sales in China are projected to 
reach 25% this year, likely edging out France, Portugal, and Switzerland.

EV Deployment by Country, 2012-2021

and distributed energy storage costs have 
been exhibiting learning curves similar to 
those experienced in solar and wind. Lith-
ium-ion battery costs dropped by around 
88% between 2010 and 2020. While sup-
ply constraints and higher interest rates are 
temporarily impacting this decline, as in 
other sectors, we expect the energy storage 
learning curve to continue to play out over 
the coming decade. A range of additional 
factors, including the massive scale-up of 
battery manufacturing and the establish-
ment of more stable raw and recycled feed-
stock supplies, should accelerate further 
cost declines.

CCBJ: In the context of venture capital 
investment, how do you view the transi-
tion from clean tech to climate tech?

Pernick: As a thematic researcher, we 
still follow VC investment activities as a 
window into emerging trends and track 
companies poised for entry into the pub-
lic markets. Clean Edge was the first ana-
lyst firm to promote the concept of “clean 
tech” to a business audience, and we have 
hosted events, written books, and pub-
lished reports and indexes which use the 
term. While climate tech has emerged as 
another term among market participants, 
we’ve stuck with the term clean tech be-
cause we believe it most clearly captures 
the opportunities emerging out of a host 
of sectors spanning renewable energy, ad-
vanced transportation, clean water, energy 
efficiency, and more.

I remember having a back and forth 
with John Doerr and his team many years 
back when Kleiner Perkins was pushing 
the concept of green tech. At the end of 
the day, whether one calls it climate tech, 
clean tech or green tech, it doesn’t really 
matter. It’s not so much about who wins 
the branding game but how governments, 
corporations and other key players forward 
these technologies and ensure that they 
become mainstream and widely adopted. 
Fortunately, that’s beginning to play out in 
significant ways – providing a win-win of 
economic and environmental benefits. R
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LanzaTech Builds Billion-Dollar Capital War Chest to 
Transform Waste Carbon Into Sustainable Materials

LanzaTech (Skokie, Ill.), transforms waste carbon into materials such as sustain-
able fuels, fabrics, packaging, and other products. Using a variety of waste feed-
stocks, LanzaTech’s technology platform highlights a future where consumers are 

not dependent on virgin fossil feedstocks for everything in their daily lives. LanzaTech’s 
goal is to challenge and change the way the world uses carbon, enabling a new circular 
carbon economy where carbon is reused rather than wasted, skies and oceans are kept 
clean, and pollution becomes a thing of the past.

 Dr. Jennifer Holmgren, Chief Executive Officer of LanzaTech, has over 20 years of experi-
ence in the energy sector, including a proven track record in the development and commercialization 
of fuels and chemicals technologies. Prior to LanzaTech, Jennifer was VP and General Manager of 
the Renewable Energy and Chemicals business unit at UOP LLC, a Honeywell Company. Under 
her management, UOP technology became instrumental in producing nearly all the initial fuels 
used by commercial airlines and the military for testing and certification of alternative aviation 
fuel. Today, under Jennifer’s guidance, LanzaTech is working towards deploying carbon capture 
and reuse facilities globally to make fuels and chemicals from waste carbon.

CCBJ: Congratulations on the recent 
$50 million investment in LanzaTech. 
Pioneering carbon capture and trans-
formation and coining a new term is like 
defining a new category for investors 
and for the markets you will be serving. 
Has it been a long education process to 
get customers and investors to embrace 
“carbon as a resource”?

Jennifer Holmgren: Absolutely. When 
we started no one was talking about car-
bon as a resource in this way. The fuels sec-
tor was focused on biofuels, mostly from 
sugar or corn, and the idea of using biology 
to transform waste carbon emissions was 
something we were told was impossible! 
What we found, however, is that once we 
started to talk about the potential of this 
technology, people stopped and listened. It 
was a long 17-year journey, and it required 
the commitment of patient investors and 
market leaders across multiple sectors to 
say, “I want to be part of this!”

The game changer was when our first 
commercial plant started up and we started 
seeing consumer goods made from carbon 
emissions in stores! There is still work to 
be done so that this becomes mainstream, 
but companies are starting to review their 

supply chains to see how they can replace 
fossil input with recycled carbon, and by 
offering new products in stores, we hope 
this gets the message across to consumers 
as well.  

CCBJ: Using biotechnology to har-
vest value out of hydrocarbons in post 
combustion waste streams seems to be 
LanzaTech’s basic process. Is that a fair 
characterization?

 Holmgren: LanzaTech’s carbon recy-
cling technology is like retrofitting a brew-
ery onto an emission source like a steel 
mill. Pollution is converted by bacteria to 
fuels and chemicals instead of using sugars 
and yeast to make beer. 

CCBJ: Who have been LanzaTech’s 
partners for the design, engineering and 
construction of pilot facilities used to 
prove your technology and achieve scale?

Holmgren: We have worked with sever-
al engineering and construction companies 
globally. As we license our technology, our 
partners work with their preferred com-
panies in their respective geographies. We 
have facilities operating with Shougang 
group in China, Suncor Energy in Canada 

and shortly with IndianOil in India and 
ArcelorMittal in Belgium. We have multi-
ple other facilities in design and construc-
tion globally. 

CCBJ: Did LanzaTech receive any gov-
ernment support or corporate incuba-
tion during its startup phase or has the 
business mostly relied on venture capital 
or institutional funding?

Holmgren: Yes, we have had incredible 
support from government agencies, both in 
the United States and overseas. We have 
enjoyed a long relationship with the U.S. 
Department of Energy and its National 
Labs. Our work has covered the develop-
ment and scale up of sustainable aviation 
fuel, carbon negative chemicals and new 
artificial intelligence applications for our 
platform. We have also been lucky to have 
long-standing investors, both from venture 
capital funds and strategic investors from 
around the world. Our relationships and 
funding journey reflect the global nature of 
our technology.  

CCBJ: How far can this technology go 
in helping to turn wastestreams into 
usable products? Are we just scratching 
the surface?

Holmgren: Our goal is to keep fos-
sil carbon in the ground and reuse above 
ground carbon. This can be in the form 
of carbon emissions, trash or agricultural 
wastes. We estimate that there is the po-
tential to produce >1 billion tons/year of 
products from waste feedstocks. The key 
here is that we are not only taking a waste 
and reusing it, but we no longer need to 
extract more fossil carbon – so it’s a two-
for-one solution!

Today we have a number of commer-
cial plants operating and the impact is real. 
We have produced over 30 million gallons 
of ethanol, which is the equivalent of pre-
venting over 150,000 metric tons of CO2 
from entering the atmosphere. This is just 
the beginning. 
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CCBJ: How did you get into this field in 
the first place, and what was your inspi-
ration to work on climate and environ-
mental solutions?

Holmgren: I moved from Colombia to 
the United States as a child. At the time 
everyone was talking about space, and of 
course I fell in love with the space program. 
Looking back, I wonder if it was because 
I wanted to go to the moon or because 
everyone thought it was impossible! We 
lived in Los Angeles, and I remember days 
when I could not see the blue sky due to 
pollution. It was the same year Neil Arm-
strong stepped foot on the moon. I was 
fortunate to have parents and a chemistry 
teacher who inspired me and encouraged 
me to pursue further study in STEM, and 
I realized science and math were not just 
for getting to the moon.

CCBJ: What’s the most compelling 
evidence of climate change that you have 
observed in your lifetime?

Holmgren: The biggest problem with 
this question is that we are seeing more 
“evidence” now than ever before. Where 
to begin? Billions of dollars of hurricane 
damage, glaciers that have disappeared, 
frozen iguanas in Florida, wars that stem 
from drought and water access, heatwaves 
that kill the vulnerable from Pakistan to 
Paris and flooding that destroys homes, 
lives and crops and causes more financial 
damage than anyone has considered bud-
geting to put measures in place to prevent 
future problems.

There is so much to despair about, but I 
want to end on a hopeful note. While the 
evidence is piling up and makes front page 
news daily, we now have the tools to re-
ally change how we operate. Some of them 
might not yet be perfect, but they will 
make a difference today. R

LanzaTech and Brookfield Form Strategic Partnership 
With $500 Million Commitment

In October 2022, LanzaTech NZ, Inc., an innovative carbon capture and trans-
formation (CCT) company that transforms waste carbon into materials such as 
sustainable fuels, fabrics, packaging, and other products, announced a funding 

partnership with Brookfield Renewable and its institutional partners to co-develop 
and build new commercial-scale production plants that will employ LanzaTech’s 
CCT technology.

The funding partnership commits an initial $500 million to be invested by Brook-
field Renewable in constructing and operating new CCT projects that have achieved 
pre-agreed milestones. Funding will be provided through the Brookfield Global 
Transition Fund, one of the largest funds in the world focused on the energy transi-
tion. Brookfield will be LanzaTech’s preferred capital partner for LanzaTech CCT 
opportunities in Europe and North America. Brookfield could commit to making 
an additional $500 million in investments in the partnership if sufficient projects are 
available at the agreed milestones. Brookfield will also invest $50 million in LanzaT-
ech to support further corporate development.

LanzaTech aims to contribute to a world where your plane is 
powered by recycled GHG emissions, and your shampoo bottle 
started life as emissions from a steel mill.

LanzaTech converts carbon through the power of biology, using a biocatalyst to 
transform emissions into fuels and chemicals. Through application of their technol-
ogy, steel mill emissions have been converted into sustainable aviation fuel, clothing 
ranges, laundry detergent, household cleaner and fine fragrances. LanzaTech creates 
industrial symbioses where the emissions from heavy industry can be used by con-
sumer goods companies to make products that would otherwise come from fossil 
inputs. LanzaTech aims to contribute to a world where your plane is powered by 
recycled GHG emissions, and your shampoo bottle started life as emissions from a 
steel mill.

Woodside is a global energy company based in Australia with a spirit of in-
novation and determination to thrive through the global energy transition with a 
low-cost, lower-carbon, profitable, resilient and diversified portfolio. Woodside has 
a growing portfolio of carbon services (offsets, carbon capture and storage, carbon 
capture and utilisation), hydrogen, ammonia and renewable power opportunities in 
Australia and internationally. New energy opportunities include proposed hydrogen 
and ammonia projects H2Perth and H2TAS in Australia and a proposed hydrogen 
project H2OK in North America. R
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Berkeley Lab’s Utility Scale Solar Report Looks at Trends in 
Deployment, Technology, Performance, Costs and Pricing

Founded in 1931 on the belief that the biggest scientific challenges are best ad-
dressed by teams, Lawrence Berkeley National Laboratory and its scientists have 
been recognized with 16 Nobel Prizes. Today, Berkeley Lab researchers develop 

sustainable energy and environmental solutions, create useful new materials, advance the 
frontiers of computing, and probe the mysteries of life, matter, and the universe. Scientists 
from around the world rely on the Lab’s facilities for their own discovery science. Berkeley 
Lab is a multiprogram national laboratory managed by the University of California for the 
U.S. Department of Energy’s Office of Science. DOE’s Office of Science is the single larg-
est supporter of basic research in the physical sciences in the United States and is working 
to address some of the most pressing challenges of our time. 

Mark Bolinger is a Research Scientist at the Lawrence Berkeley National Laboratory, where 
his work focuses on understanding the cost, performance, and value of renewable generation and 
storage within electricity markets. Since joining Berkeley Lab in 2000, Mark has authored or 
co-authored more than 200 reports and journal articles on these topics, including the annual 
Utility-Scale Solar market report that is the focus of this feature (see utilityscalesolar.lbl.gov). 
Prior to Berkeley Lab, Mark spent eight years as a research and trading analyst with a large 
hedge fund. Mark holds a master’s degree in Energy and Resources from the University of Cali-
fornia at Berkeley, and a bachelor’s degree from Dartmouth College.

CCBJ: After record PV growth in 2021 
of 12.5 gigawatts and 674 gigawatts in 
the interconnection queues, is it safe to 
assume that this record will be broken 
annually for the rest of the decade?

Mark Bolinger: Three quarters of the 
way through 2022, it currently looks like 
2022 deployment might come up short 
compared to 2021. This could be due to a 
variety of factors, including ongoing sup-
ply chain issues, worsening inflationary 
pressures, and even the Inflation Reduc-
tion Act (IRA).

The passage of the IRA in August re-
lieved some of the immediate pressure to 
get steel in the ground by extending federal 
tax credits and reinstating them at their full 
levels for many years to come. At the same 
time, by introducing a number of new 
credits or credit adders that won’t come 
into play until 2023, the IRA potentially 
created an incentive to push projects into 
the new year rather than forging ahead in 
2022. As a result, 2022 currently looks like 
it could come in a little lower than 2021, 
in terms of new capacity. Looking ahead 
to 2023 and beyond, however, it does seem 

likely that 2021’s record of 12.5 GW will 
regularly be surpassed as we head towards 
2030 — assuming that we see some reso-
lution and progress on, the various head-
winds currently facing the industry such 
as logjams in the interconnection queues, 
which could delay or limit how much ca-
pacity comes online in any given year.

CCBJ: The percentage of new projects 
with battery storage has increased dra-
matically. Is this because our distribu-
tion is likely to become more regional or 
is it a factor of the transmission grid not 
being able to support the new capacity 
and a hedge against negative pricing?

Bolinger: I think it has more to do with 
the latter. In areas where solar has a rela-
tively high market share, such as California 
and other parts of the West, the midday so-
lar hours often see too much supply, lead-
ing to very low or even negative pricing in 
wholesale power markets. Adding batteries 
can help by providing an alternative path 
for those mid-day solar electrons — rather 
than curtailing or paying (a negative price) 
to dump them on the market, instead send 
them to a battery to be stored and dis-
charged later once pricing has improved. 

Expanding the geographic footprint of 
the market can also help by layering on de-
mand from other regions, and we’ve seen 
that happen as well — for example, with 
the implementation and ongoing expan-
sion of the Western Energy Imbalance 
Market, which links CAISO with many 
other balancing authorities throughout the 
West to share resources.

Utility-Scale Solar, 2022 Edition 
http://utilityscalesolar.lbl.gov

The utility-scale sector has the greatest share of the U.S. solar market

Wood Mackenzie and SEIA report that 
the utility-scale sector added a record 
17 GWDC of new solar capacity in 
2021, accounting for 72% of all new
solar capacity and representing a 
year-over-year growth rate of 19%.
Utility-scale solar contributed 65% of 
cumulative solar capacity (and 70% 
of solar generation) in 2021; this share 
is projected to rise above 70% by 2025 
and 75% by 2030.

Our data analysis focuses on a subset 
of this sample—all projects larger than 
5 MWAC that were completed by the 
end of 2021:
– 2020: 164 new projects totaling 12.8 GWDC

or 9.6 GWAC

– 2021: 156 new projects totaling 16.7 GWDC
or 12.5 GWAC

7

Sources: Wood Mackenzie/SEIA Solar Market Insight Reports, Berkeley Lab

We define “utility-scale” as any ground-mounted project that is larger than 5 MWAC

Smaller systems are analyzed in LBNL’s “Tracking the Sun” series (trackingthesun.lbl.gov)

Note: Wood Mackenzie/SEIA’s graph above defines utility-scale solar as >1 MWDC while 
this report uses a definition of >5 MWAC.

Annual U.S. Electric Generating Capacity Additions 2007-2021 (GWac)
Utility-scale solar added 17 GWDC of new capacity in 2021, or 72% of all new solar capacity and a year-over-year 
growth rate of 19%. Utility-scale solar contributed 65% of cumulative solar capacity (and 70% of solar generation) in 
2021; this share is projected to rise above 70% by 2025 and 75% by 2030. LBNL data analysis focuses on a subset 
of this sample—all projects larger than 5 MWAC that were completed by the end of 2021: For 2020: 164 new proj-
ects totaling 12.8 GWDC or 9.6 GWAC. For 2021: 156 new projects totaling 16.7 GWDC or 12.5 GWAC  

Regional Spread of Utiliy-Scale Solar
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Federal tax policy is another reason for 
the boom in PV+battery hybrid plants. 
Prior to the passage of the IRA, pairing a 
battery with a solar plant was the only way 
to qualify the battery for the Investment 
Tax Credit — standalone storage plants 
did not qualify for the ITC. But that has 
changed with the IRA; starting in 2023, 
standalone storage will qualify for the ITC. 

It will be interesting to see whether 
standalone storage’s new ITC eligibility 
will cut into the trend towards PV hybrid-
ization. I suspect we’ll probably see some 
attrition, but on the other hand there are 
still many underlying benefits to hybrid-
ization, independent of ITC consider-
ations. These include land and construc-
tion cost synergies and savings, potentially 
being able to move more rapidly through 
interconnection queues, optimizing in-
terconnection and transmission capacity 
allocations, avoiding or at least minimiz-
ing curtailment, or (in the case of a DC-
coupled PV+battery hybrid) maximizing 
solar generation by storing mid-day solar 
electrons that would have otherwise been 
“clipped” by the inverter.

CCBJ: Comment on the curves of PPA 
prices and LCOE and how they have re-
mained relatively in alignment in recent 
years and what you expect in the future.

Bolinger: In this “Utility-Scale Solar” 
report, we track empirical power purchase 
agreement (PPA) prices and also estimate 
the levelized cost of electricity (LCOE) — 
both with and without the federal ITC —
for individual PV plants. Going all the way 
back to 2010, when the market was still 
in its infancy, and particularly since 2016, 
PPA prices have tracked the estimated 
LCOE (including the ITC) surprisingly 
well. This suggests that the market is rela-
tively efficient, i.e., that competition has 
forced developers not only to price their 
PPAs on a “cost plus” basis (i.e., based on 
their costs plus a profit margin) but also to 
pass through the ITC to the power pur-
chaser via an even lower PPA price in or-
der to win contracts.

Annual U.S. Electric Generating Capacity Additions 2007-2021 (GWac)
Solar was the largest source of capacity added to U.S. grids in 2021. Utility-scale (29%) and distributed (15%) solar 
accounted for a combined 45% of all capacity added to U.S. grids in 2021 (ahead of wind’s 32%). Solar has contrib-
uted >30% of all new capacity in 5 of the last 6 years, and >20% in each of the last 9 years.

Regional Spread of Utiliy-Scale Solar

Source: Lawrence Berkeley National Laboratory, Utility-Scale Solar, 2022 Edition, supported by U.S. DOE’s Office of 
Energy Efficiency and Renewable Energy

Utility-Scale Solar, 2022 Edition 
http://utilityscalesolar.lbl.gov

Solar was the largest source of capacity added to U.S. grids in 2021

Utility-scale (29%) and 
distributed (15%) solar 
accounted for a combined 45% 
of all capacity added to U.S. 
grids in 2021 (ahead of wind’s 
32%).

Solar has contributed >30% of 
all new capacity in 5 of the last 
6 years, and >20% in each of 
the last 9 years.

We have included storage in 
the graph this year:  3.6 GW of 
storage were added to U.S. 
grids in 2021, up from 0.7 GW 
in 2020.

8

Sources: ABB, ACP/AWEA, Wood Mackenzie/SEIA Solar Market Insight Reports, Berkeley Lab

Note: This graph follows Wood Mackenzie/SEIA split between distributed and utility-scale 
solar, rather than our 5 MWAC threshold.

Bars represent annual capacity additions in GWAC (left axis), lines represent solar’s capacity share (right axis)
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Utility-scale solar has become a growing source of electricity 
in all regions of the United States

11

Utility-scale PV is well-represented 
throughout the nation, with the 
exception of upper-Midwestern states 
in the “wind belt”. 

Large solar projects (>100 MW) are 
now being built in western PJM and 
eastern MISO, while Texas solar 
increasingly expands beyond the 
panhandle. 

Montana, the Dakotas, New 
Hampshire, and West Virginia still 
await their first utility-scale solar 
projects in our sample.

You can explore this data interactively at https://emp.lbl.gov/technology-trends
Looking ahead, we could potentially see 

a decoupling of PPA prices and LCOE. 
There is currently a lot of demand for so-
lar generation from utility and non-utility 
buyers alike. At the same time, natural gas 
and wholesale electricity prices are high 
and have generally risen by more than the 
cost of solar generation. In combination, 
these two conditions could lead to a sell-
er’s market in which solar developers are 
able to price their PPAs higher than what 
“cost plus” would imply, leading to what is 

known as “value-based pricing”, i.e., pric-
ing the PPA based on the value of the gen-
eration in the market rather than its cost. 

If that were to happen, then we would 
presumably see the PPA price and LCOE 
curves diverge somewhat. We’ll be watch-
ing for that in years to come, particularly 
as the natural gas market becomes more 
global in nature due to rising liquefied 
natural gas (LNG) exports to Europe and 
other markets.
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CCBJ: The median capacity factor was 
24% with a range of 9% to 35%. Do you 
expect that range to narrow and the 
median to continue to rise?

Bolinger: Perhaps incrementally, yes. 
There are a number of advancements that 
could boost capacity factors in the com-
ing years, including the ongoing rollout of 
bifacial modules (which generate energy 
from both sides of the module), modules 
using so-called half-cut cells (which are 
more tolerant of shading), and improve-
ments to tracking systems and algorithms. 

On the other hand, we expect solar de-
ployment to continue to spread into less-
sunny parts of the country, which would 
mean more low capacity factor sites being 
developed. On net, we might see an im-
provement in the fleet-wide median ca-
pacity factor, but I suspect that the overall 
range will remain quite large, similar to 
what we see today.

CCBJ: Do you believe residential, 
commercial and institutional markets 
will eventually take larger share from 
utility-scale solar generation? Or is it 
fundamentally more efficient to produce 
centrally with efficient distribution?

Bolinger: The residential PV market 
will likely remain active, particularly as 
trends toward electrification of the home 
(e.g., heat pumps, induction cooking, bat-
tery storage) and transportation (EVs) ac-
celerate. Onsite commercial and institu-
tional PV deployment, on the other hand, 
has always been a tough nut to crack, in 
large part because of how bespoke each 
project tends to be. 

With the rise of corporate procurement 
and community solar, many C&I entities 
are finding it more practical to instead 
contract with larger off-site utility-scale 
projects. The utility-scale sector, mean-
while, will continue to enjoy significant ad-
vantages with respect to cost, performance, 
and scale, and we expect it to maintain or 
even increase its market share in the com-
ing years. R

Utility-Scale Solar, 2022 Edition 
http://utilityscalesolar.lbl.gov
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LCOE has fallen by 85% (or 16% annually) since 2010, to $33/MWh 
(without the ITC)

28

Driven by lower capital 
costs costs and, at least 
through 2013, higher 
capacity factors (as well as 
lower operating expenses, 
longer design life, and 
improved financing terms), 
utility-scale PV’s average 
LCOE has fallen by about 
85% since 2010, to 
$33/MWh in 2021 (not 
including the ITC).

The standard deviation of 
project-level LCOEs has 
declined sharply among 
recent vintages (though 
the coefficient of variation 
has been more stable).

See interactive visualization at https://emp.lbl.gov/capex-lcoe-and-ppa-prices-region

Sample size is 981 projects totaling 43.4 GWAC.    
Bubble size corresponds to individual plant capacity.

Levelized Cost of Electricity Has Fallen by 85% since 2010
Driven by lower capital costs costs and, at least through 2013, higher capacity factors (as well as lower operating 
expenses, longer design life, and improved financing terms), utility-scale PV’s average LCOE has fallen by about 85% 
since 2010, to $33/MWh in 2021 (not including the ITC). The standard deviation of project-level LCOEs has declined 
sharply among recent vintages (though the coefficient of variation has been more stable). Lower-insolation regions 
(ISO-NE, NYISO, PJM, MISO) will always have higher LCOEs than higherinsolation regions (ERCOT, CAISO, the non-ISO 
West and Southeast), but the difference has narrowed over time.

Operation & Maintenance Costs Have Decreased by 58% since 2011 
O&M costs have decreased by 58% since 2011 as project portfolios grow and projects become established. Average 
O&M costs have declined from about $32/kWAC-year or $21/MWh in 2011 to about $13/kWAC-year or $7/MWh 
in 2021. Note: Cost Scope per guidelines for FERC Form 1: Includes supervision and engineering, maintenance, rents, 
and training; Excludes payments for property taxes, insurance, land royalties, performance bonds. Projects built since 
2018 report much lower O&M costs compared to older ones, potentially due to a narrower service scope of agree-

ments. Costs seem to decline over the first 5 years across project vintages as projects become established.  

Source: Lawrence Berkeley National Laboratory, Utility-Scale Solar, 2022 Edition

Utility-Scale Solar, 2022 Edition 
http://utilityscalesolar.lbl.gov

Operation and maintenance (O&M) costs decreased by 58% since 
2011 as project portfolios grow and projects become established

21

PV project population: 90 projects totaling 3,964 MWAC

Average O&M costs for the cumulative sample have declined from 
about $32/kWAC-year or $21/MWh in 2011 to about $13/kWAC-year 
or $7/MWh in 2021. 

Projects built since 2018 report much lower O&M costs compared to 
older ones, potentially due to a narrower service scope of agreements. 
Costs seem to decline over the first 5 years across project vintages as 
projects become established.

Regulated utilities report solar O&M costs for plants that they own, 
representing a mix of technologies and at least one full operational year.

These O&M costs are only one part of total operating expenses:

Cost Scope (per guidelines for FERC Form 1): 
• Includes supervision and engineering, maintenance, rents, and training
• Excludes payments for property taxes, insurance, land royalties, 

performance bonds, various administrative and other fees, and overhead
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Excerpts From Berkeley 
Lab’s Latest Utility-Scale 
Solar Report

The 2022 edition of Berkeley Lab’s 
Utility-Scale Solar report pres-
ents analysis of empirical plant-

level data from the U.S. fleet of ground-
mounted photovoltaic (PV), PV+battery, 
and concentrating solar-thermal power 
(CSP) plants with capacities exceeding 5 
MWAC. While focused on key develop-
ments in 2021, this report explores trends 
in deployment, technology, capital and 
operating costs, capacity factors, the level-
ized cost of solar energy (LCOE), power 
purchase agreement (PPA) prices, and 
wholesale market value among the fleet of 
utility-scale solar (and PV+battery) plants 
in the United States.

Key Findings From The Report
A record amount of new utility-scale 

PV capacity achieved commercial opera-
tions in 2021. Annual capacity additions of 
12.5 GWAC brought cumulative installed 
capacity to 51.3 GWAC across 44 states. 
Texas (3.9 GWAC) added by far the most 
new capacity in 2021, followed by Califor-
nia (1.2 GWAC), Florida (1.1 GWAC), 
and Virginia and Georgia (both with 0.9 
GWAC).

Single-axis tracking is the dominant 
mount type. 90% of all new utility-scale 
PV capacity added in 2021 uses single-axis 
tracking, with the remainder mounted at a 
fixed tilt.

 Despite emerging inflationary pres-
sures, installed costs fell in 2021. Median 
installed costs declined to $1.35/WAC (or 
$1.0/WDC) based on a 5.4 GWAC sam-
ple of 62 plants completed in 2021, and 
have fallen by more than 75% (averaging 
10% annually) since 2010. The lowest-cost 
20th percentile of plants in our 2021 sam-
ple cost $1.1/WAC ($0.8/WDC) or less.

Plant-level capacity factors vary widely, 
from 9% to 35% (on an AC basis), with a 

sample median of 24%. The high degree of 
plant-level variation is based on a number 
of factors, including insolation, tracking vs. 
fixed-tilt mounts, inverter loading ratios, 
performance degradation, and curtailment.

Utility-scale PV’s LCOE fell to $33/
MWh on average in 2021. The average 
LCOE has fallen by about 85% (averaging 
16% annually) since 2010, driven by lower 
capital costs and improving capacity fac-
tors (as well as other factors).

PPA prices from contracts signed in 
2021 average $23/MWh (levelized, in 
2021 dollars). PPA prices, which reflect 
receipt of the federal investment tax credit 
(ITC), have largely followed the decline 
in solar’s LCOE over time, but since 2019 
have stagnated and even increased slightly.

Rising wholesale electricity prices 
boosted solar’s market value by 50% 
on average in 2021, to $47/MWh. 
This increase in solar’s combined 
energy and capacity value outpaced 
the more-modest rise in PPA prices, 
improving solar’s competitiveness.

Solar’s market value also exceed-
ed average electricity prices in most 
regions in 2021. Exceptions include 
ERCOT, CAISO, Nevada Power, 
and ISO-NE. Compared to 2020, 
however, solar’s relative value versus 
a “flat block of power” contracted in 
13 of the 17 regions analyzed.

2021 was a record year for 
PV+battery hybrid plants. Adding 
battery storage to shift a portion of 
excess mid-day solar generation into 
evening hours is one way to increase 
the value of solar. These PV+battery 
hybrid projects are becoming in-
creasingly common, particularly 
in higher-penetration markets. In 
2021, 47 PV+battery hybrid plants 
totaling 3.5 GWAC of PV and 2.2 
GW / 6.9 GWh of battery storage 
achieved commercial operations, 
while many additional hybrids en-
tered the development pipeline. The 

report presents plant metadata, includ-
ing installed costs and PPA prices, from a 
subset of these online and in-development 
PV+battery hybrids.

A massive pipeline of utility-scale so-
lar plants dominate the interconnection 
queues across the country. Looking ahead, 
at least 674 GW of solar capacity was in 
the nation’s interconnection queues at the 
end of 2021. Nearly 284 GW, or 42%, of 
that total was paired with a battery. R

(Note: All of the data and analysis present-
ed in the 2022 edition of Utility-Scale Solar 
pre-dates the passage of the Inflation Reduc-
tion Act of 2022. LBL says the law is likely to 
have a significant impact on the utility-scale 
solar market in future years, potentially accel-
erating some trends and slowing others, while 
also creating new developments altogether.)

U.S. State Solar Penetration Rankings in 
2021 (Solar as a % of in-state generation)

State All Solar Utility-Scale 
Solar Only

California 25.0% 15.8%

Massachusetts 19.7% 8.1%

Nevada 18.0% 15.5%

Hawaii 17.1% 5.0%

Vermont 16.1% 8.1%

Utah 9.5% 8.0%

Arizona 9.0% 6.0%

Rhode Island 8.6% 4.0%

North Carolina 7.9% 7.5%

New Jersey 6.6% 2.4%

New Mexico 6.2% 4.9%

Delaware 4.8% 1.5%

Colorado 4.8% 3.0%

Florida 4.4% 3.7%

Maryland 4.2% 1.6%

Georgia 4.1% 3.8%

Idaho 4.0% 3.3%

Virginia 3.9% 3.6%

Minnesota 3.5% 3.2%

Texas 3.4% 2.9%

Rest of  U.S. 0.9% 0.5%

TOTAL U.S. 3.9% 2.8%

Source: EIA, cited in LBNL Utility-Scale Solar, 2022 Edition
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Digital Platform Carbonfuture Raises €5.5 Million To 
Accelerate Growth In Key MRV Applications

Carbonfuture (Frieberg, Germany) is an end-to-end platform for companies that 
want to participate in removing carbon from the atmosphere. Unlike conven-
tional marketplaces, Carbonfuture’s MRV or monitoring, reporting, and verifi-

cation platform solves carbon credit uncertainty for buyers like Microsoft and SwissRe 
while Carbonfuture’s support helps scale the world’s most promising carbon removal ven-
tures for real climate impact. 

Hannes Junginger-Gestrich is CEO and co-founder of Carbonfuture. With a broad profes-
sional background in financial engineering, Hannes has worked for various financial institu-
tions and is deeply knowledgeable about financial services and risk management. At EY, he was 
heading consulting and audit projects for large banks globally. Before founding Carbonfuture, he 
led the risk management unit of a mid-sized Swiss bank. Hannes holds a PhD in mathematics 
from the University of Freiburg. At Carbonfuture, he passionately devotes his professional exper-
tise to combatting global warming and the companies’ mission of delivering real climate impact 
by catalyzing an industry of effective, durable and trustworthy carbon removal at gigatonnes 
scale. 

CCBJ: Congratulations on Carbon-
future’s recent financing. How did the 
process go?

Hannes Junginger-Gestrich: We al-
ready have a strong investor base that led 
us into this round. Nevertheless, we took 
a bit of time and increased the round as 
a reaction to the economic downturn and 
changed investor sentiment. The clear goal 
is to keep the growth velocity very high: 
We don’t have time to delay the fight 
against the climate crisis.

CCBJ: Will any of the new investors 
have a formal role in the company?

Junginger-Gestrich: They are classical 
financial investors. Next to backing us with 
the funds needed to scale, their role is to 
support us with their network, their expe-
rience, and in a formal capacity through 
their roles on our Advisory Board.

CCBJ: How do you benefit from your 
investor partners or their portfolio 
companies?

Junginger-Gestrich: We benefit in 
many ways. First and foremost through 
introductions to future clients, other inves-
tors, and peer founders. Our investor group 
is quite diverse; some are extremely experi-

enced both as European and U.S. investors 
and have gone through economic cycles 
with their portfolios, which is extremely 
valuable in the current economic situation. 
Some of our investors’ knowledge goes very 
deep into the impact and sustainability 
sector. All of them have great connections 
to corporates, institutions, or the public 
sector. The exchange with other founders is 
especially helpful when it comes to manag-
ing our own personal resources and sharing 
the experience of the rapid evolution of our 
own roles in fast growing companies. 

CCBJ: You mentioned that Microsoft 
and Swiss Re in insurance were early 
customers. Does this indicate technol-
ogy and insurance are the largest poten-
tial client sectors?

Junginger-Gestrich: Actually, Swiss Re 
and Klarna were the first tier 1 customers, 
and Microsoft followed right after them. 
From a sector perspective, it is true that 
the trailblazers come from the finance and 
tech sectors, accompanied by professional 
services and consultancies. However, we al-
ready see significant demand coming from 
sectors with hard-to-abate emissions, such 
as constructions and real estate. They are 
looking into much more integrated models 

that move away from using credits for bal-
ancing emissions towards insetting mod-
els. This means, they are directly integrat-
ing removal projects into their own value 
chains and using the credits internally.

CCBJ: Quality assurance in carbon in 
credits is crucial for the future of the car-
bon economy. What lessons have been 
learned from the clean development 
mechanism and the joint implementa-
tion programs of the past?

Junginger-Gestrich: Under the CDM 
and JI, well developed accounting frame-
works for different technologies have been 
developed. These methodologies had three 
important elements which are also relevant 
for the removal space: (i) monitoring plans, 
(ii) comparison of a baseline and project 
scenario, and (iii) the argumentation of ad-
ditionality (why carbon credits are needed 
to help the project get implemented). 

The market for carbon credits 
is growing rapidly and is 
expected to reach a worth of 
$50 billion by 2030. But that 
growth runs the risk of being 
undermined by low quality 
credits that do not deliver on 
their claims. 

While the monitoring (i) is of even 
bigger importance in the removal space, 
where we are promising the climate service 
of removed carbon from the atmosphere 
for a very long time, the baseline vs. proj-
ect comparison (ii) is of lesser relevance, as 
none of the removal technologies are busi-
ness as usual – all technologies are nascent 
and need to be developed for scale. 

Regarding project additionality (iii), the 
CDM/ JI taught us that additionality cases 
can easily be tweaked, even if stringent 
tools are to be applied. Looking at the type 
of CDM projects that were still being op-
erated after the crash of the carbon prices 
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in 2012, only projects with significant rev-
enues besides the carbon credits survived. 
Surprisingly, that number wasn’t little. 
Had the stringent additionality test of the 
CDM worked, very few projects would 
have been able to continue operating.

Now, the question is: How can we learn 
from this, and is a stringent additionality 
test even an appropriate tool for the re-
moval market? We think that additionality 
tests do have a justified existence, but they 
should by no means hinder the scaling of 
desperately needed technologies.

CCBJ: Is your business model based on 
licensing software, connecting credit 
project buyers with credit project sellers 
in an exchange or supporting the trans-
parency and reporting objectives of your 
clients?

Junginger-Gestrich: As the sector is 
still nascent, we cover quite a large part of 
the value chain. Initially, our claim was to 
establish an infrastructure for purchasing 
trusted carbon removal which adheres to 
strict quality criteria and where we provide 
the framework in the form of a platform 
(for digital monitoring, reporting and veri-
fication) - run and maintained by us but 
used by third parties to sell their products.

What does it look like at the moment? 
You could compare it with the following: 
We built a supermarket for others to place 
their goods in. But currently, none of the 
vendors’ products meet our level of crite-
ria in addition to the fact that the pool of 
choice itself is still very slim. This is why 
we are purchasing and selling the first 
products in our supermarket ourselves, to 
make sure we don’t fall short of our own 
standards. 

Ultimately, we are a software platform 
that provides the tools needed for removal 
projects to create trusted carbon removal 
credits, reaching from initial idea to market 
entry. And on the buyers’ side, we are the 
gateway providing access to, and transpar-
ency into these highly sought-after assets.

In the future, we expect many buyers 
will come to us through channels like mar-
ketplaces and climate consultancies such as 
South Pole, who is already a key partner for 
us today.

CCBJ: What is the likely future scenario 
for a carbon tax?

Junginger-Gestrich: Carbon taxes are 
among the most powerful tools available 
to cut emissions. We have seen this in ac-
tion in Europe, where the first carbon tax 
was introduced in Finland more than 30 
years ago and is now applicable across all 
EU member states. In the United States, 
however, carrots seem to work better than 
sticks, and carbon taxes are regarded as 

very risky from a political perspective. As 
such, we do not expect the Biden adminis-
tration to push this topic forward at a fed-
eral level with a divided Congress. Instead, 
efforts will be channeled towards reducing 
emissions through the Inflation Reduc-
tion Act (IRA). Having said that, we are 
likely going to see continued engagement 
at state level, including in California which 
already has a carbon tax and which – were 
it a country – would be the fifth biggest 
economy in the world.

CCBJ: How did you get started in this 
business, and what was your original 
inspiration?

Junginger-Gestrich: The larger inspi-

Carbonfuture Raises €5.5 Million From Existing and New 
Investors To Accelerate Growth Globally  

Carbonfuture, a digital platform for high-quality carbon removal credits, an-
nounced a €5.5 million raise in September led by existing investors Car-
bon Removal Partners, Übermorgen Ventures, and WiVenture. They were 

joined by “tech4good” venture capital fund 4impact Capital and value-add investor 
Sustainable Future Ventures.

Funding will allow Carbonfuture to further grow its presence with a focus on the 
U.S. market, enabling it to meet the growing demand of high-ranking customers like 
Microsoft, Swiss Re, Klarna, and South Pole. This will be achieved by broadening the 
range of innovative carbon removal technologies supported by its platform, as well as 
by the expansion of its platform services to additional ecosystem partners. 

Carbonfuture’s end-to-end platform integrates carbon tracking, third-party credit 
standards, and financing tools across carbon removal technologies, ensuring a new 
tier of credit quality for buyers and sellers, as well as reducing friction for rapid in-
dustry growth. 

Ali Najafbagy, founding and managing partner of new investor 4impact Capital, 
said: “Carbonfuture’s MRV technology enables and vastly accelerates the adoption 
of high-quality carbon removal credits. We have been impressed by the exceptional 
team and look forward to working with them to create a more transparent, homog-
enous, and liquid carbon removal credit market.” 

Matthew Chagan, partner at Sustainable Future Ventures, commented: “We are 
focused on investing in startups that can help corporations in the built environment 
achieve their carbon reduction goals. While significant progress is being made in re-
ducing emissions through operational improvements, we know that carbon removal 
credits will also be a massive part in reaching these goals. Carbonfuture’s platform 
plays a critical role in ensuring that these credits are robust and accurate.” R
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ration or even large-scale backdrop to 
our business is the fact that emission re-
ductions are simply no longer enough to 
keep the climate from heating up. To limit 
global warming to levels well below 1.5°, 
we need to remove carbon from the atmo-
sphere and store it for good.

The market for carbon credits is grow-
ing rapidly and is expected to reach a 
worth of $50 billion by 2030. But that 
growth runs the risk of being undermined 
by low quality credits that do not deliver 
on their claims. Carbonfuture was born as 
an answer to this critical issue, as part of a 
mission to deliver carbon removal you can 
trust. We got started in early 2019, when 
Hans-Peter Schmidt from the Ithaka In-
stitute and Hansjörg Lerchenmüller from 
Carbuna AG (both pioneers in the field 
of biochar-based carbon removal) shared 
their thoughts about addressing the short-
comings of existing carbon offset markets 
with us.

From an abstract scientific perspective, 
Hans-Peter’s groundbreaking idea of car-
bon removal leasing inspired us immedi-
ately. We started to think about a scalable 
framework for carbon removal financing as 
the backbone of a re-thought economy in 
which the fight against global warming is 
rewarded properly. In the summer of 2019, 
we presented the academic outcomes re-
sulting from this initial inspiration, com-
plemented by a proof-of-concept, block-
chain technology-based implementation.

The concept turned out to be so con-
vincing that we decided to take it seriously. 
We then began implementing the frame-
work front-to-back in close collaboration 
with pioneering people from the young 
biochar sector, from finance, academia, 
IT, and corporates willing to balance their 
emissions. As of January 2020, we had ac-
tually created the first fully documented 
and verified biochar-based carbon remov-
als, which fulfil the quality criteria needed 
to become a commercially viable financing 
instrument. R

Alternative Fuel Vehicle Acquisitions by Regulated Fleets (Units)
Model Year State  Alternative Fuel Provider

1993  705  1,778 

1994  1,208  3,113 

1995  1,587  3,855 

1996  2,174  2,457 

1997  3,148  3,169 

1998  3,741  2,378 

1999  5,443  2,564 

2000  11,327  2,676 

2001  8,448  2,184 

2002  8,248  2,065 

2003  6,143  2,137 

2004  6,652  1,449 

2005  9,316  906 

2006  11,863  977 

2007  13,510  1,646 

2008  19,488  1,745 

2009  9,971  1,113 

2010  8,412  1,869 

2011  12,150  2,346 

2012  14,655  3,558 

2013  16,042  4,552 

2014  16,077  4,129 

2015  14,916  5,655 

2016  17,296  5,139 

2017  16,644  4,458 

2018  15,544  4,551 

2019  16,935  5,107 

2020  11,566  4,051 

2021  6,215  4,367 

Total  271,643  85,994 

Source: National Renewable Energy Laboratory EPAct State and Alternative Fuel Provider Fleet Task

BioEnergy Segments of the Climate Change Industry ($mil)

Source: CCBJ derived from U.S. DOE Energy Information Administration, Renewable Fuels Association and others
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Zola Electric’s Distributed Mini-Grid Technology Addresses 
Energy Inequality and Energy Access 

ZOLA Electric (San Francisco, Calif.) is an emerging-market technology compa-
ny that delivers community-level electrification through a purpose-built technol-
ogy platform. From inception in 2011, Zola’s mission has been to deliver clean, 

affordable and reliable power anywhere. Zola’s journey began in Tanzania, providing solar 
home solutions to off-grid, rural communities; since then it has evolved into company 
offering a range of enterprise products catering to on- or off-grid, rural or urban, and resi-
dential or commercial needs. Zola has a dedicated team supported by its distributor and 
integrator partners on the ground and backing from investors including Tesla and Total. 
Zola’s smart storage and clean power are benefitting over two million customers on four 
continents as part of its mission to drive energy equality for billions of people worldwide. 
Zola Electric is a recipient of the UN Momentum for Change Award and the Zayed 
Future Energy Prize.

Bill Lenihan joined Zola Electric in 2015 and currently serves as CEO overseeing engineer-
ing, commercial, operations, finance, and corporate development. Under Bill ’s leadership, Zola 
has expanded from one country to over 10 countries. His experience extends across operations 
and private equity, working with such companies as Goldman Sachs, Bain & Company, Calera 
Capital and as Executive Vice President of International at Switch Lighting. As Managing 
Director at Calera Capital, a private equity firm managing $2 billion of capital, Bill led the 
firm’s investment efforts in the consumer and industrial sectors. He received a BA cum laude in 
Business and Economics from UCLA and an MBA from The Wharton School of the University 
of Pennsylvania with a dual degree in Strategic Management and Finance.

CCBJ: Zola’s business ambitions and 
footprint are very impressive. What is 
the brief history of the company and how 
the business has evolved?

Bill Lenihan: Zola has been working 
for over a decade with the mission to im-
prove energy access and energy equality for 
the 2.2 billion people worldwide who lack 
access to affordable, reliable energy.

Our world-first energy technology 
platform is flexible, market-leading, and 
purpose-built. It embodies the vision we 
began Zola with – seeking to combat the 
injustice we saw in Tanzania of expensive, 
dirty, and inaccessible energy the commu-
nity was forced to rely on. Through Zola’s 
solutions, we are taking kerosene out of 
homes and replacing it with smart, con-
nected battery and solar energy devices.

Zola’s roots go back to the Serengeti 
in Tanzania, where our founders observed 
that both off-grid and on-grid communi-
ties rely on dirty, expensive, and hard-to-

manage forms of energy including diesel, 
kerosene, and lead acid batteries. No pri-
mary, integrated power source existed, it 
was purely inefficient backup systems, an 
impediment to these communities achiev-
ing their full social and economic potential. 
Our mission to solve one of the world’s 
great problems, energy inequality, one that 
afflicts over 2 billion people and hundreds 
of millions of businesses globally, was born.

Over a decade ago we started by in-
stalling smart connected devices (lithium 
ion batteries and solar) that powered ba-
sic energy needs such as lighting for rural 
communities. Our theory that thousands 
of networked, connected devices will drive 
the energy transition in emerging markets 
holds true today.

Zola has developed the world’s first 
enterprise technology platform, purpose 
built for the energy access markets, com-
bining the power of a family of products all 
controlled by one operating system, Zola 
Vision. I am extremely proud of Zola’s 

latest milestone, the launch of the world’s 
first distributed mini-grid, with our In-
finity boxes powering over 1,000 homes 
and businesses in Rwanda – developed in 
partnership with META, The Shell Foun-
dation, USAID and Endev. The impact of 
Zola’s distributed mini-grid technology is 
significant for all markets, urban or rural, 
serving residential, commercial or indus-
trial customers. 

CCBJ: Having a base in California and 
blue chip technology investors must be a 
valuable advantage. Tell us about Zola’s 
history of fundraising and how you dif-
ferentiate from others in clean energy?

Lenihan: Zola’s platform of intelligent 
batteries stands out as the first fully inte-
grated, modular and intelligent platform 
purpose-built for the energy access sector. 
We offer a complete ladder of power tech-
nologies that supports partners in deploy-
ing electrification solutions at any scale, 
from household lighting to community 
electrification.

Since day one, Zola’s focus on technolo-
gy and the development of hardware/soft-
ware solutions to solve the massive world-
wide problem of energy inequality and 
energy access has been a key differentiator 
for investors. Our focus on our mission 
and commitment to generating impact for 
communities worldwide has been a com-
pelling element that has attracted investors 
worldwide to back Zola. 

To date, Zola has raised $200 million 
in total funding over 13 rounds. Our latest 
fund raise in 2021 of $90 million was led 
by TotalEnergies Ventures — the capital 
venture of TotalEnergies; San Francisco-
based impact VC firm DBL Partners; Af-
rica’s largest PE firm Helios Investment 
Partners; Vulcan Capital, the investment 
arm of Paul Allen; Lyndon and Pete Rive 
(founders of Tesla-owned SolarCity); and 
New York-based utility-focused hedge 
fund Electron Capital Partners. 
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CCBJ: What do your investors bring to 
the table in terms of strategic support?

Lenihan: We are grateful to all our 
investors for their support on our energy 
equality journey. As well as providing the 
capital liquidity we need to continue our 
mission, Zola’s investor group also brings 
strategic benefit, innovation capacity and 
knowledge of the global energy industry. 
It is an invaluable resource as we work to 
continually improve our technologies and 
fill the gap in the energy ladder to solve 
any energy problem, anywhere. Specific ex-
amples include tech and supply chain sup-
port from Tesla, operations advisory from 
SolarCity, and on-the-ground commercial 
and integration capabilities from EDF and 
TotalEnergies.

CCBJ: Energy access and energy equal-
ity are certainly important social issues 
but how do they translate into economic 
or financial drivers?

Lenihan: We are in a luxury position 
because Zola’s business goals are 100% 
aligned with our desired impact; the more 
systems we sell the more positive impact 
we have and the better we can grow and 
scale the business profitably. We look for 
funding partners that endorse our devel-
opment objectives, but we also understand 
investors would like a reasonable return on 
their investment.

Part of Zola’s growth strategy is our 
commitment to localizing energy man-
agement to expand Zola’s solutions across 
markets more quickly while also deliver-
ing impact via job creation on the ground. 
Over the years, Zola has contracted more 
than 2,000 people for varying roles in Af-
rica alone who have been crucial to scaling 
Zola’s business across the continent.

Zola also maintains partnerships with 
15 leading integrators across Africa, South 
America and Asia – allowing us to enter 

new markets while bringing access to a 
broad customer base to drive scale and im-
pact. This approach fuels company growth 
and improves energy access – allowing us 
to meet both the financial and sustainabil-
ity objectives of investors.

CCBJ: Do you see the cost of energy 
storage and battery technology follow-
ing a similar path to wind or solar cost 
reductions?

Lenihan: Absolutely. In fact we are 
already seeing that this is the case. As an 
example, Lithium-ion battery pack prices 
were above $1,200 per kWh in 2010 but 
have already fallen by 89% to $132/kWh 
in 2021 – a 6% drop from $140/kWh in 
2020 alone. Continuing cost reductions 
bode well for the future of distributed 
mini-grids using solar power and batteries, 
as well as for an improved roll out of Zola 
technologies and solutions as we continue 
to put affordable energy in the hands of 
those that need it most. 

CCBJ: In the long run will solar power 
mostly be generated in distributed mar-
kets or will centralized power systems 
dominate?

Lenihan: Comparing the use of solar 
energy for decentralized vs. centralized 
systems is like comparing apples to or-
anges. Solar energy technology is particu-
larly suited for integration into distributed 
grids, especially in emerging markets, with 
decentralised models requiring less instal-
lation space and being more flexible and 
scalable than centralized systems. Our view 
is that decentralized is already winning and 
will continue to in emerging markets, with 
potential even to facilitate a move away 
from centralized systems typically used in 
developed markets.

An example of this is Zola’s first-of-
a-kind distributed mini-grid in Rwanda, 
which uses decentralized and modular 
technology allowing infinite scaling to 
power not only villages but also larger 
towns and cities of any size. Zola’s mini-
grid can grow smoothly with increases 

Zola Electric Uses $90 Million Funding Round to Drive Distributed 
Renewable Energy in Africa and Emerging Markets

In September 2021, Zola Electric closed $90 million in new funding to enter 
new markets and drive distributed renewable energy in sub-Saharan Africa and 

emerging markets. Between 500 million and 2 billion people continue to live without 
access to electricity despite the growing prevalence of renewable energy providers in 
developing markets.

Zola Electric was launched in 2011 by Erica Mackey, Xavier Helgesen and Joshua 
Pierce when the company provided solar home solutions to off-grid rural communi-
ties in Tanzania. In 2020, Zola launched Infinity, a product the company says can 
power any home or office appliance while integrated into any energy source  – grid, 
solar or battery. The product works with power grids, solar panels and other pow-
er sources before switching to a ready energy source and storing it simultaneously,  
managed by Zola’s SaaS software system called Vision that provides customers with 
data, analytics and control of their systems.   

The $90 million 2021 funding is a combination of debt and equity, $45 million 
each. The equity portion was led by TotalEnergies Ventures; DBL Partners; Africa’s 
largest PE firm Helios Investment Partners; Vulcan Capital, the investment arm of 
Paul Allen; Lyndon and Pete Rive (founders of Tesla-owned SolarCity); and New 
York-based utility-focused hedge fund Electron Capital Partners. Debt financing 
features top energy lenders FMO and SunFunder, two firms known to provide debt 
capital to solar companies in emerging markets. The 2021 round came after Zola’s 
Series D equity round of $55 million in 2018. Since 2011, the company has raised  
a reported total of $155 million in equity with a total debt balance of $45 million.



43    Climate Change Business Journal 4th Quarter 2022Market Intelligence on the Climate Change Industry

in energy consumption, unlike conven-
tional solutions which struggle to adapt 
to changes in energy use and connectivity. 
The result is a more cost-efficient, resilient, 
reliable and flexible power generation than 
the traditional centralized architecture that 
has stumbled for decades.  

This combination of unprecedented 
scalability and cost efficiency demonstrates 
the incredible power of distributed mini-
grids, set to be a turnkey factor in develop-
ing a sustainable energy infrastructure for 
the 21st century anywhere in the world.

CCBJ: What inspired you to enter this 
field?

Lenihan: My motivation has always 
been to drive energy equality. Doing our 
part to help lift up these communities is 
the main reason I joined back in 2015.  My 
first visit to Tanzania, meeting the custom-
ers, and seeing the true impact that reliable 
lights, connectivity and energy access have 
on these communities is what opened my 
eyes to this being a calling. 

At Zola, we believe that driving energy 
access and energy equality is not only cru-
cial for meeting the UN’s Sustainable De-
velopment Goal of clean energy access for 
all but also has immense positive impact on 
other areas of people’s lives, from health-
care to food production. For example, reli-
able connectivity can power home devices 
like laptops and mobile phones, enabling 
users to access health, educational or finan-
cial information and services online. 

Or consider the impact from being able 
to power industrial devices and machinery, 
such as electric corn grinders – as is the 
case for the Gakagati (Rwanda) project, 
increasing efficiency of food production 
and reducing reliance on manual labour. 
This is what drives me and the whole team 
at Zola – knowing that every day we are 
working towards a goal much bigger than 
Energy Access and Energy Equality, and 
the further tangible benefits that can stem 
from it are endless. R

EY Survey for its 2022 Sustainable Value Study Finds 
Unexpected Financial Benefits from Climate Initiatives

EY (London, UK) exists to build a better working world, helping create long-
term value for clients, people and society and build trust in the capital markets. 
Enabled by data and technology, diverse EY teams in over 150 countries provide 

trust through assurance and help clients grow, transform and operate. Working across as-
surance, consulting, law, strategy, tax and transactions, EY teams and more than 300,000 
people ask better questions to find new answers for the complex issues facing the world 
today. EY refers to the global organization and may refer to one or more of the member 
firms of Ernst & Young Global Limited, each of which is a separate legal entity

Steve Varley is EY’s Global Vice Chair of Sustainability, leading EY’s climate change and 
sustainability agenda globally in a newly created role that is the first amongst the Big Four. He 
helps EY clients create business value from sustainability and accelerate their transition to a 
lower carbon future. He also leads EY’s overall environmental sustainability strategy across the 
US$36b professional services organization and its 300,000 people. Steve is leading the organi-
zation’s efforts towards decarbonization and has overseen its achievement of carbon neutrality in 
2020, carbon negative in 2021, and net zero commitment for 2025. Steve is a founding co-chair 
of the S30, a group of 30 Chief Sustainability Officers from some of the world’s leading business-
es, launched in 2020 in collaboration with the Prince of Wales’s Sustainable Markets Initiative.
CCBJ: EY’s survey found that 70% of 
respondents reported higher-than-
expected returns from climate change 
initiatives. What types of initiatives are 
showing measurable returns? 

Steve Varley: One result to emerge 
clearly from our survey is that a broad-
based value-driven approach to sustain-
ability pays off. So, rather than examine 
payback on specific initiatives, we exam-
ined through the lens of customer, societal, 
financial, employee and planetary value. 
Overall, our study found that around two 
thirds or more of respondents achieved 
greater than expected returns around five 
different value types: customer, societal, fi-
nancial, employee and planetary. The pace-
setters, those taking the boldest climate 
action steps, were 2.4 times more likely to 
report significantly higher-than-expected 
financial value as a result of climate initia-
tives. They’ve also achieved higher emis-
sions reduction to date.

CCBJ: Of the sustainability officers sur-
veyed, what sectors were represented? 

Varley: Climate action from energy in-
tensive businesses is critical, but we’re also 
going to see radical collaboration and al-

liances struck between competitors, cross 
industry, public-private to really deliver on 
net zero. That’s why we examined compa-
nies balanced across all sectors, including 
Manufacturing, Energy, Construction, 
Media, Telecoms, Consumer, Retail, Fi-
nancial services, Real Estate, Hospitality 
and Technology.

We wanted to test how leading com-
panies can demonstrate the value of sus-
tainability to others whose plans are not as 
mature. So, our study focused on relatively 
engaged, large companies that have desig-
nated leaders for their overarching sustain-
ability strategy or major climate change 
initiatives, putting them at the forefront of 
sustainability action in business. The vast 
majority (93%) have made public com-
mitments, yet only 29% use accredited 
science-based targets and four in 10 plan 
to reduce emissions by 45% or more, as 
required by the Science Based Targets Ini-
tiative. Even amongst engaged businesses 
we spoke to, there’s still work to do. That’s 
probably a reflection of much wider busi-
ness and government engagement on the 
ambition – action gap as well.

CCBJ: Results indicate that while 93% 
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of companies have made some form of 
commitment to net zero, very few have 
made a full commitment or committed 
to achieving specific goals prior to 2040. 
How many companies are taking interim 
steps towards emissions reductions or 
net zero, and how accurate is their ability 
to measure, monitor and report for full 
transparency? 

Varley: Our data shows that only 35% 
of the companies in our sample have a 
commitment milestone on or before 2030, 
the near term goal integrated within the 
Science Based Targets initiative. While the 
companies we surveyed are clearly com-
mitted to reducing their emissions, much 
faster and deeper progress is required to 
meet global targets. Only 38% have laid 
out intermediate targets toward their long-
term goals. Despite this gap with the UN’s 
stated goals for 2030, 70% of respondents 
are confident their organization is being 
ambitious enough to make a meaningful 
impact on climate change.

Looking at actions that organizations 
have taken as part of its climate change 
agenda, we see that most have not yet tak-
en steps around monitoring and reporting. 
For instance, just 32% have disclosed their 
annual emissions, 29% have completed 
third-party assurance of annual emission 
disclosures, and 29% have established 
ongoing measurement of their emissions. 
Additionally, only 38% have set intermedi-
ate targets to achieve their long-term goal.

CCBJ: You highlight the lack of con-
sensus on criteria to evaluate climate 
change initiatives, as well as agreement 
that there are so many groups within 
corporations involved that it is difficult 
to make progress. Is this a function of 
the chief sustainability officer lacking 
authority, and does EY advise elevating 
the position? 

Varley: There’s no doubt that the role 
of CSO is evolving at different speeds in 
different companies, and there is a gap 
between pacesetter companies’ CSOs and 

others. There are several high-profile ex-
amples at global board level in consumer 
and retail, food, and technology enabling 
strategic integration of the long-term 
business and sustainability strategy. Our 
analysis shows CSOs believe coordina-
tion of initiatives and team collaboration 
must improve:  67% say there are so many 
groups are involved, it is difficult to make 
progress, and nearly half – 44% – say that 
collaboration between teams needs to sig-
nificantly improve.

Whatever the position, size and scale 
of the role, a CSO can be thought of like 
a conductor of the orchestra of stakehold-
ers internal and external - leaders, boards, 
business units and functions such as risk, 
finance and compliance, community, re-
porting and regulation. They need to build 
the bridge between sustainability and busi-
ness strategies, as this is a whole business 
and system transformation.

CCBJ: Which of EY’s 32 listed actions 
are companies most behind on and 
which are most likely to see short-term 
progress? 

Varley: Overall there are common 
themes around the need for collabora-
tion, recognising complexity, challenging 
the level of ambition, influencing supply 
chains and investing in talent.

Short-term actions could include as-
signing oversight to a board committee, 
considering climate experience when mak-
ing board or management elections, setting 
intermediate targets, identifying major 
sources of emissions, and focusing on de-
veloping new low or no emission products 
and services. 

Unsurprisingly, the least completed ac-
tions are those which are more complex, 
and require a long-term focus and invest-
ment. These include conducting annual 
climate scenario analysis; achieving ac-
creditation by the Science-Based Targets 
Initiative; relocating to areas with better 
access to clean energy; hiring or upskilling 
talent to acquire climate change expertise; 

and pursuing an M&A strategy aligned to 
climate change ambitions. These actions 
are all critical for companies to focus on 
really advancing and embedding their sus-
tainability strategy, but are the ones that 
lack the most progress or completion in 
our study. 

CCBJ: Given the challenge of securing 
financing for climate change initiatives, 
how important is future policy and fore-
casting in your models in order for chief 
sustainability officers to validate further 
investment? 

Varley: Sustainability is a business 
imperative, and that extends to invest-
ing. Sixty one percent (61%) of CSOs re-
ported they would spend more next year 
on climate change than this year. Assess-
ing risk, developing accurate reporting of 
where organisations are today, the policy 
and regulatory landscape both at industry 
and national level, and the use of real-time 
data to determine a roadmap to advance-
ment are all key. It supports a 360 degree 
assessment of the business case, roadmap 
and funding that is needed to get you there 
with a balanced portfolio of climate initia-
tives. Long-term sustainability planning 
makes it easier for companies to stay the 
course on their climate plans or find new 
opportunities to create value from sustain-
ability, including cross company initiatives 
with technology, energy or skills implica-
tions. This helps safeguard climate initia-
tives from becoming marginalized or los-
ing funding.

Reducing uncertainty linked to policy 
or regulation is the rallying cry of all busi-
ness executives. Scenario planning is criti-
cal because the levers for policy are wide 
ranging and can create opportunities and 
risks in consumer demand, or more widely, 
the potential for stranded assets, or more 
stringent reporting requirements. Consid-
er for example, incentives for EVs or solar 
panels that accelerate sales, but are with-
drawn.

With economic uncertainty there’s a 
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risk that investment is put off and we can’t 
afford to delay. We simply can’t afford that, 
whether you are looking through a climate 
lens, or a financial one. Business is taking 
a much more prominent role in calling on 
governments for ambition and policies 
that accelerate reform and investment and 
gives them the certainty that the long term 
capital investment needed is secure. We 
need to go further and faster – because ev-
ery fraction of a degree matters in terms of 
potential impacts on lives and livelihoods.

CCBJ: What motivated you to enter 
this field, and what evidence of climate 
change have you seen first-hand in your 
lifetime? 

Varley: It’s been a long-held belief of 
mine that we, governments, organizations, 
and individuals, simply cannot stand still 
when it comes to protecting the environ-
ment and creating growth opportunities 
that are truly sustainable.

We are all increasingly exposed to the 
impacts of climate change, and this year’s 
extreme weather events drove that home to 
me, with so many people in different coun-
tries affected. It reinforces for me the re-
sponsibilities that we all share, in large and 
small ways, that continue to drive me and 
deeply connects me to the work that I do.

Businesses’ role and responsibility is 
critical and we believe the private sector 
can and needs to do more. We want to play 
our role. EY continues to drive down our 
absolute emissions against our FY19 base-
line. We also delivered on being carbon 
negative globally in FY21 negative glob-
ally in FY21; an important step on the sus-
tainability journey, but we know we need 
to go further. That’s why EY built on that 
carbon ambition with a commitment to 
achieve net zero in 2025. We aim to reduce 
our total global emissions by 40% by FY25 
(from the FY19 baseline) to reach net zero, 
and to help our clients to also decarbon-
ize at scale, while creating value for their 
stakeholders, including financial value for 
investors and shareholders. R

EY Organization Releases Results of 2022 Sustainable Value 
Study of Sustainability Officers

In November 2022 the EY organization released the results of its 2022 Sustainable 
Value Study, a survey of over 500 chief sustainability officers and equivalents repre-
senting global companies worth more than $1 billion. The survey found that com-

panies taking decisive action to address climate concerns are benefiting from unexpected 
financial value, with 7 in 10 seeing financial benefits that exceed their expectations. Com-
panies taking the boldest steps are also seeing unexpectedly positive benefits in areas like 
staff retention, recruitment, brand perception and customer purchasing behaviour.

The EY survey results counter con-
cerns that climate action may harm finan-
cial performance. The research shows that 
these concerns are among the greatest bar-
riers to companies taking further climate 
action, with 36% concerned it will both 
negatively impact financial performance 
and reduce their ability to compete in the 
market in the short term.

Ninety-three percent (93%) of com-
panies surveyed have made a public com-
mitment on climate change, but 35% have 
a commitment for 2030 and 42% plan to 
reduce emissions by 45% or more – with 
a 45% reduction by 2030 the global target 
set by the Paris Agreement. However, only 
11% of companies have made a commit-
ment to net zero.

Steve Varley, EY Global Vice Chair 
Sustainability, said: “While the Paris Agree-
ment is a target for governments, it also sets 
a standard for the business community to 
meet. Companies acting now have lessons 
to teach the businesses dragging their heels, 
who may swiftly realize they are missing out 
on new business opportunities and genuine 
financial returns. Those taking decisive ac-
tion are setting out an increasingly obvious 
‘roadmap’ which can guide all businesses on 
how to become more sustainable, deliver on 
the priorities of their stakeholders and cre-
ate financial value for their shareholders.

“Sustainability should be framed as a 
business imperative, creating competitive 
advantage and value that unleashes the pos-
itives of capitalism to support the whole-
scale decarbonization of business that we 
need – it is not too late, yet.”

Companies identified multiple barri-
ers preventing them from taking further 
climate action, in addition to concerns 
about the impact on financial performance. 
Many of these may risk creating a culture 
of ‘committing’ but not ‘acting’ in address-
ing climate change: 

•	 Lack of climate change expertise from 
the board or management.

•	 Difficulty retaining or upskilling rel-
evant talent.

•	 Lack of data and technology to reduce 
emissions. 

•	 Difficulty securing financing for cli-
mate change initiatives.

Respondents reported that lack of col-
laboration within company leadership 
teams is impacting their ability to take 
effective action, with 62% of respondents 
saying board members and management 
disagree on which criteria are most impor-
tant when evaluating initiatives and 61% 
agreeing that so many groups are involved 
it is difficult to make progress. 

Among the top factors motivating 
companies to invest in climate change are 
supporting business resilience (59%), im-
proving their ESG ratings (57%), meet-
ing demands from their key stakeholders 
(56%) and responding to the scientific 
need to act on climate change (53%). A 
majority (61%) of companies plan to spend 
more next year to address climate change 
compared to this year, with a quarter plan-
ning to spend ‘significantly more’. R
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EcoAct Builds International Climate Consultancy to Support 
Net Zero and TCFD Reporting; Merges in Atos in 2020

EcoAct is a 300-person international sustainability consultancy and project devel-
oper that has been helping some of the largest organisations in the world tackle 
climate challenges for over 15 years. In October 2020, EcoAct was acquired by 

Atos, a global leader in digital transformation with 112,000 employees and annual rev-
enue of €11 billion, and continues to operate under the brand ‘EcoAct, an Atos Company’.

William Theisen is CEO of EcoAct North America based in New York. William has over 12 
years’ experience working with Global and Fortune 500 companies to develop and implement 
net zero strategies. This includes managing projects focused on setting science-based targets, cli-
mate risk assessments, assessing GHG footprints (scope 1- 3) for multinational enterprises. He 
has also worked with leading companies to design and manage their carbon neutral programs. 
A graduate from Boston University with an MBA from HEC Paris, William began working 
in climate finance with the Gold Standard Foundation, a certification body headquartered in 
Geneva that evaluates carbon reduction and sustainable impacts using results-based methodolo-
gies. Following this role, he worked with NGOs Nexus for Development (Nexus) and the Group 
for the Environment, Renewable Energy and Solidarity (GERES) to scale-up more than a 
dozen carbon reduction projects in Asia and Africa by leveraging innovative market mechanisms 
such as carbon finance and crowd funding. Key clients have included: Welltower, Royal Philips, 
JetBlue, Estee Lauder Companies, Schlumberger, Mastercard, Etsy, United Airlines, and T-
Mobile.

CCBJ: Tell us about the history of 
EcoAct, an Atos company. How did the 
company start and how has its service 
offerings developed?

William Theisen: EcoAct is an interna-
tional climate consultancy and project de-
veloper founded in 2006. We have a team 
of over 300 international climate experts 
and span three continents with offices 
in Paris, London, Barcelona, New York, 
Montréal, Munich, Milan and Kenya. 

With over 17 years of experience, we 
have partnered with some of the larg-
est companies out there, supporting them 
in all the necessary steps to achieve net-
zero emissions. Following the mitigation 
hierarchy (avoid, reduce, offset), we also 
develop projects to issue high-quality car-
bon offsets that support companies’ com-
prehensive net-zero strategies, accelerating 
climate action beyond their value chains 
EcoAct is a CDP Gold Partner, a found-
ing member of the International Carbon 
Reduction & Offset Alliance (ICROA), a 
strategic partner in the implementation of 

the Gold Standard for the Global Goals, 
and reports to the UN Global Compact.

CCBJ: How important is climate risk 
and TCFD to EcoAct’s business model 
and expertise today?

Theisen: It is very important. EcoAct 
works with many publicly traded, interna-
tional companies and as climate risk dis-
closures evolve, it is a part of our key focus 
to advise companies on how to respond. 

EcoAct has been working on climate 
scenario analysis since 2016. When the 
TCFD guidelines were released in 2017, 
it formalized what we were already do-
ing. The TCFD is putting a climate lens 
on business strategy. We use the recom-
mendations as guidelines on how compa-
nies should look at their transformation 
towards net-zero, setting science-based 
targets and becoming more resilient.

CCBJ: How has the TCFD program 
evolved in recent years and how is that 
changed how you have advised your 
clients?

Communicating climate risk and com-
mitment has always been important for 
our clients, publicly traded or not because 
it’s how investors and key stakeholders are 
assessing resilience as the climate changes. 
They are looking at businesses to see if they 
are ready and are going to adapt. And be-
cause of things like the TCFD, they are 
maturing in terms of the questions they 
are asking companies. 

Because TCFD has gotten more pre-
cise over the years, it’s made us think about 
how we evolve and where our added value 
is. For example, we just released the Eco-
Act Climate Risk Platform, a climate risk 
assessment and visualization platform 
to help companies understand what is at 
stake in climate change. Tools like this 
help us assist companies in avoiding tran-
sitional risk and to comply with potential 
future regulatory reporting requirements 
like the proposed SEC Climate-Related 
Disclosures Ruling.

CCBJ: How has the reception and adop-
tion of TCFD evolved in North America 
versus Europe? Or do you see more 
variation based on client sector type?

Theisen: TCFD-aligned reporting only 
became mandatory for over 1,300 of the 
largest UK-registered companies and fi-
nancial institutions this year, but compa-
nies across the globe have been voluntarily 
reporting against the recommendations 
since 2017. 

European and UK companies have 
more regulations and are therefore becom-
ing more advanced in their climate report-
ing, but we are seeing leaders in the public 
company space embrace the adaptation of 
the TCFD. And in the private sector in 
North America, companies are starting 
to embrace it more and see the value in 
it. In the US, the SEC is also planning to 
mandate climate-risk disclosures for public 
companies with a view of providing inves-
tors with consistent, comparable and useful 
information. 
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CCBJ: Would you say that ESG is a 
parallel movement to TCFD?

Theisen: Ultimately, TCFD is a frame-
work to work within a strategy and a goal. 
ESG is a broad effort that has been go-
ing on for a long time and has a plethora 
of components. The aim of the TCFD 
recommendations seeks to complement 
existing standards and create a universal 
framework. It helps businesses incorporate 
climate-related risks and opportunities 
into their risk management and strategic 
planning processes while empowering in-
vestors to channel investment to sustain-
able and resilient business models.

CCBJ: How does EcoAct interact with 
the broader environmental engineering 
and project management community 
that designs and builds solutions to 
mitigate climate environmental risks on 
behalf of your clients?

Theisen: We work with many differ-
ent clients and many different standards, 
and we make recommendations based on 
a needs assessment so that companies can 
take their carbon management system to 
the next level. 

Our parent company, Atos has opened 
the door for us on different systems and 
digital platforms that can help companies 
manage data that will go into their envi-
ronmental outputs, like carbon footprint, 
Scope 3 targets, etc. This also helps them 
to select the right tools for them. We are 
excited to grow our interactions with the 
broader environmental engineering sys-
tems through this. 

CCBJ: What inspired you to enter the 
climate change industry?

Theisen: I completed my MBA in cli-
mate finance and was passionate about 
how business interacted with climate. I 
wanted to help companies be better. When 
I consulted with Veja, I had a lot of “aha” 
moments. Growing up, I always thought 
that in order to be sustainable or environ-
mentally conscious, you have to sacrifice 

something or pay more, but my experience 
there taught me that a company can be so-
cially conscious, sustainable, profitable and 
grow consciously. 

CCBJ: What direct personal evidence 
have you seen of climate change over 
your lifetime?

Theisen: I think most people can relate 
to weather changes and extreme weather 
events being some of the most obvious evi-
dence of climate change. I grew up in Itha-

Atos and EcoAct Merge Expertise to Found Global 
Decarbonization Excellence Center 

In October 2020 Atos (Bezons, France) completed the acquisition of EcoAct 
(Paris, France) to strengthen its decarbonized digital solution portfolio and 
expertise. EcoAct, an internationally recognized climate strategy consulting 

firm with a team of 160 climate experts, operates under the brand ‘EcoAct, an Atos 
Company’ and is led by its founders Thierry Fornas and Gérald Maradan.

Building on Atos’ and EcoAct’s combined expertise, a Global Decarbonization 
Excellence Center was created to apply a comprehensive approach to decarboniza-
tion, providing customers globally with a full assessment, identifying pathways to 
achieving carbon neutrality and providing digital solutions to decarbonize their 
digital and business processes. For their remaining CO2 emissions, and as part of 
the ‘Contribute to Zero’ offer, voluntary carbon offsetting is offered to allow orga-
nizations to reach carbon neutrality.

“We recognize the need to develop a 360-degree approach to support our cus-
tomers at all stages of their decarbonization process,” explained Nourdine Bih-
mane, Head of Decarbonization Business Line and Head of Growing Markets 
at Atos. “The integration of EcoAct expands our decarbonization capabilities to 
expand our consultancy and include offsetting services, enabling unparalleled busi-
ness value for our customers and reinforcing Atos’ position as the leader in decar-
bonized digital business technology.”

“Climate change remains a major focus area for organizations in the context of 
ESG, and decarbonization-related offerings will see further growth in demand. 
Atos’ approach of ingraining sustainability into its digital transformation offerings 
will help its clients move towards a sustainable business strategy, which means 
looking at sustainability from a business opportunity and risk perspective,” said 
Bjoern Stengel, senior research analyst, Business Consulting and ESG Business 
Services at IDC.

Atos is a global leader in digital transformation with 112,000 employees and 
annual revenue of  €11 billion. European number one in cybersecurity, cloud and 
high-performance computing, the Group provides tailored end-to-end solutions 
for all industries in 71 countries. A pioneer in decarbonization services and prod-
ucts, Atos is committed to a secure and decarbonized digital for its clients.

ca where there was almost always snow in 
November, something that feels incredibly 
rare now. 

I think also the demand for climate ac-
tion has increased so significantly. Busi-
nesses are willing to do so much more 
in-depth work today than ever. Even dur-
ing the pandemic, a global crisis, climate 
change was still top of mind and didn’t go 
down the priority ladder. Everyone is wak-
ing up to the urgent matter at hand. R
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Evolution of the Task Force on Climate-Related Financial Disclosures

Since the introduction of the 2017 Task Force on Climate-Related Financial Dis-
closures (TCFD) recommendations a lot has happened in the climate risk disclo-
sure space. EcoAct experts Lauren Jasper and Louise Dubreuil explain how TCFD 

disclosure has evolved and break down key recommendations for improving reporting. 

CCBJ: How has TCFD disclosure 
evolved?

EcoAct: The climate risk disclosure 
space is continually evolving and while 
many companies have been voluntarily re-
porting against TCFD recommendations 
since 2017, TCFD-aligned reporting only 
became mandatory for over 1,300 of the 
largest UK-registered companies and fi-
nancial institutions in 2022.

Support for the TCFD has increased 
significantly since its 2021 status report 
was published. Around 1,300 new organ-
isations indicated their support for the 
TCFD following this report, and TCFD-
aligned reporting increased at an average 
of 32% annually. This upward trend is also 
evident in the recently published 2022 
TCFD Status Report, with 90% of TCFD 
survey respondents indicating that they 
use climate-related financial disclosures in 
making financial decisions.

However, EcoAct’s most recent Cli-
mate Reporting Performance research 
found that, despite increased recognition 
of the TCFD in corporate reporting, 22% 
of large companies still do not acknowl-
edge climate as a principal risk to their or-
ganisations in their Annual Reports, and 
not every company is demonstrating best 
practice reporting on climate risk. 

CCBJ: What were key takeaways from 
the FCA review of TCFD disclosures?

EcoAct: In early 2022 the Financial 
Conduct Authority (FCA) and the Finan-
cial Reporting Council (FRC) conducted a 
critical thematic review of a sample of the 
first TCFD statements from companies 
regulated under the UK Premium Listed 
Companies regulations.

This first year of regulated disclosures 

has proven difficult for many companies, 
specifically around collecting new data and 
establishing governance. FRC highlighted 
points for companies looking to increase 
the quality of their TCFD disclosures:

Granularity and specificity: Compa-
nies should consider providing the poten-
tial impact of climate change specifically 
on their different business units, on their 
sector, and on their geographical location.

Balance: The FCA expects companies 
to balance the conversation between risks 
and opportunities, without focusing too 
much on one or the other.

Interlinkage with other narrative dis-
closure: Companies should consider link-
ing their TCFD disclosures to the com-
pany’s overall risk framework or how the 
results of its Climate Scenario Analysis 
(CSA) have informed strategic direction 
of the company. Many examples of TCFD 
disclosures were insufficiently integrated 
with other elements of reporting.

Materiality: The FCA requires com-
panies to publish their TCFD reports on 
a “comply or explain” basis at the TCFD 
recommendation level. This means that a 
company needs to outline why it is cur-
rently not aligned with the TCFD recom-
mendations and what are the next planned 
steps to become aligned. The FRC found 
that in multiple reports companies had 
omitted some recommendations without 
providing an explanation as to whether 
these were not relevant to the company or 
specific data was missing. If these expla-
nations are missing from a disclosure, the 
FCA may challenge this.

Connectivity between TCFD and fi-
nancial statements disclosure: There is 
currently still a gap between the TCFD 
disclosures and how these feed into a 

company’s financial disclosures. The FCA 
therefore expect companies to provide ad-
ditional explanations, including:

•	 How the TCFD-consistent risk assess-
ment has informed financial planning

•	 How growth projections are impacted 
by climate risks and opportunities

•	 How GHG emissions reduction com-
mitments have been factored into fi-
nancial statements and forecasting

The FCA expects companies to clearly 
link and integrate TCFD disclosures with 
financial elements of their Annual Report.

CCBJ: Whatare other emerging TCFD 
disclosure regulations to be aware of?

EcoAct: In 2023 we will see more dis-
closures from standard listed companies, 
under an extension of the FCA Premium 
Listed Company Regulation and private 
companies/LLP’s with over 500 employees 
and £500 million turnover, under the BEIS 
Regulation.

On a global level, the US SEC is also 
planning to mandate climate-risk disclo-
sures for public companies with a view to 
providing investors with consistent, com-
parable and decision-useful information. 
To keep track of international develop-
ments, see the TCFD Status Report 2022 
for more detail.

CCBJ: How does EcoAct prepare a cli-
ent for mandatory TCFD disclosure?

EcoAct: EcoAct recommends under-
taking a TCFD gap analysis to help un-
derstand how aligned to the requirements 
a client already is. It is essential to carry out 
Climate Scenario Analysis (CSA). A CSA 
can help understand the consequences of 
climate change to a business and encour-
age long-term strategic thinking about the 
risks and opportunities. The CSA can en-
able an organisation to not just avoid risk, 
but make the most of current and future 
opportunities. R
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Direct Air Carbon Capture and Storage (DACCS) Garners 
Significant Scientific, Engineering and Commercial Interest

The Boston University Institute for Global Sustainability (IGS) pioneers re-
search to advance a sustainable and equitable future. The IGS focuses on plan-
etary and environmental health, climate governance, and energy systems and has 

replaced the The Boston University Institute for Sustainable Energy (ISE), expanding the 
ISE’s mission beyond energy to a broader scope of interdisciplinary sustainability research. 
The mission of IGS is to translate sustainable energy research into urgent action. This 
university-wide center is dedicated to developing energy systems that will provide abun-
dant, universally accessible and sustainable energy sources for emerging and advanced 
economies. The IGS approach combines interdisciplinary research, policy analysis and 
collaborative engagement with partners at every level—from individual energy and wa-
ter utilities to cities, states and countries. Recent highlights include $1.3 million in total 
funding, 63 affiliated faculty, 19 senior fellows and  11 published reports. 

Respondents for the Institute for Global Sustainability, Boston University:
Cutler Cleveland, Associate Director, and Lucia Vilallonga, Graduate Research Assistant

CCBJ: Direct air carbon capture and 
storage (DACCS) has faced a pretty 
skeptical community of scientists and 
engineers. What recent breakthroughs 
have moved the needle of perception?

IGS: A 2018 paper by Carbon Engi-
neering (Keith et al., 2018) in Joule pro-
vided detailed engineering and cost analy-
ses for a 1 MtCO2/year capture plant, 
and was reportedly the first DAC paper 
to include a “commercial engineering cost 
breakdown.” Since 2011, estimates of near- 
and long-term costs of DACCS have been 
decreasing, although the per-ton cost still 
remains high compared to other emissions 
reduction methods.

Furthermore, work by Jennifer Wilcox, 
Ben Kolosz, Jeremy Freeman, and their 
many colleagues on the Carbon Dioxide 
Removal Primer, an open-source digi-
tal textbook, has helped to democratize 
knowledge of CDR. The Primer includes 
a section dedicated to various methods of 
DAC, and also features discussions about 
geological storage of CO2, CO2 utiliza-
tion (another possible destination of car-
bon captured through DAC), and the envi-
ronmental, justice, and policy implications.

There have also been engineering in-
novations in the modular DAC space. 

For example, Carbon Reform, a Detroit-
based company, has developed a method of 
small-scale DAC for use in buildings. The 
device, via absorption, captures CO2 in the 
building and transforms it into a limestone 
slurry, which can be solidified for use in 
green construction.

Finally, excitement has been brewing 
in the United States, thanks to increased 
funding opportunities through the De-
partment of Energy and the Inflation Re-
duction Act of 2022.

CCBJ: What have been the most notable 
projects in DACCS, and what applica-
tions will have the most impact on future 
emissions?

IGS: The largest operational DAC 
plant is owned by Canada-based Car-
bon Engineering, which captures a net 1 
MtCO2 annually. The largest DACCS 
project, which includes both capture and 
storage, is Orca, owned by the Swiss com-
pany Climeworks, which captures and 
stores 4 ktCO2 annually. Both projects use 
the absorption method of DAC, wherein 
the CO2 molecules are bound to chemical 
agents placed on a solid sorbent and then 
released as a relatively pure stream via a re-
generation cycle, to finally be compressed 
and transported to a storage facility.

One of the challenges of this method 
of DAC is that the regeneration process 
requires a large amount of heat, typically 
supplied by natural gas or industrial waste 
heat. Thus, the net carbon benefit of a 
DAC plant using absorbent technologies 
must take into account the emissions from 
the heat source, in addition to emissions 
from other energy requirements and mate-
rials across the DACCS lifecycle. Sourcing 
the heat energy from low- or zero-carbon 
sources will have a profound impact on a 
DAC plant’s net emissions, and help to en-
sure the efficacy of the project. 

Innovations, policies, and investments 
that can scale DACCS to achieve giga-
tonne removal, the level reportedly re-
quired by the IPCC to either prevent a 
global increase of 2° or to return to below 
1.5° after an overshoot, will have the most 
impact on global future emissions.

CCBJ: Is there a possibility of per-
formance or technology criteria for 
DACCS similar to air pollution control 
measures such as best available or maxi-
mum available control technology?

IGS: One of the key findings of our re-
search is that regulations for DACCS as an 
emissions reduction method largely do not 
exist yet. Although other carbon removal 
methods are included in some legislation, 
critical monitoring, reporting, and verifica-
tion infrastructure and standards are lag-
ging behind the pace of innovation and 
deployment. Some proposed regulatory 
methods include:

1. Treating carbon as a pollutant, such 
that its removal from the atmosphere 
(and prevention of its emission, where 
possible) is treated as a public good

2. Municipally owned DACCS systems.

3. Carbon taxes and/or cap-and-trade 
policies placed on emitting corpora-
tions, which may fund and/or con-
tract DACCS projects as a means of 
compliance

Regardless of the means of regulation, 
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it is clear that rigorous and transparent 
monitoring, reporting, and verification 
standards along all stages of the DACCS 
process will be critical to ensuring that a 
certain amount of CO2 is captured and 
safely stored for the long-term. Policies 
must also seek to prevent exacerbating ex-
isting energy, climate, and environmental 
inequities in vulnerable and marginalized 
communities.

The largest operational DAC 
plant is owned by Canada-
based Carbon Engineering, 
which captures a net 1MtCO2 
annually. The largest DACCS 
project, which includes both 
capture and storage, is 
Orca, owned by the Swiss 
company Climeworks, which 
captures and stores 4 ktCO2 
annually. Both projects use the 
absorption method of DAC.

CCBJ: How does your analysis in Boston 
serve as a microcosm for a national or 
global picture?

IGS: Many regulatory entities use 
emissions ordinances and compliance 
pathways to address emissions, such as the 
City of Boston’s BERDO 2.0 regulation. 
The challenges of incorporating DACCS 
into BERDO are not unlike those faced by 
regional, national, and international gov-
ernments. Governments in the European 
Union, such as Germany and Norway, are 
currently discussing whether and how to 
incorporate DACCS into their climate 
action plans, and how to coordinate the 
sourcing and construction of materials, the 
transportation and storage of CO2, and 
the associated costs among several inter-
connected but discrete countries, each with 
their own motives and policies. R

DACCS “Market Scan” Provides Overview of Emerging 
Market and Technologies
Produced for the Boston Green Ribbon Commission by the Boston University 
Institute for Global Sustainability, the Executive Summary is excerpted below.

Global consensus among climate scientists is that future temperature in-
creases must be limited to 1.5° to 2°C above pre-industrial levels to avoid 
the most severe consequences of climate change. Most scenarios of fu-

ture emissions assign a critical role to so-called “negative emissions.” These refer 
to a range of technologies that actively remove carbon dioxide (CO2) from the 
atmosphere and permanently store (“sequester”) that carbon. 

Direct air carbon capture and storage (DACCS) is a negative emissions tech-
nology that has garnered significant scientific, engineering, and commercial inter-
est. A complete DACCS system includes the capture of CO2, its compression 
and transport, and storage deep underground. Some components of a DACCS 
system are mature technologies. For example, companies have for decades captured 
CO2 from oil and gas processing (and other industrial sources), transported it via 
pipeline, and injected it into oil and gas reservoirs to boost production. However, 
a complete DACCS system has yet to be demonstrated as a commercially viable 
technology that can be deployed at scale to yield large net reductions in atmo-
spheric CO2 concentrations. 

Many states, cities, companies, and other regulated entities use approved “com-
pliance pathways” to meet emissions reductions targets. Compliance typically 
comes through direct emissions reductions via fuel switching and energy efficiency, 
power purchase agreements, and renewable energy credits. In principle, the de-
ployment of DACCS can be accelerated if it is a feasible and cost competitive 
means of reducing CO2 from the atmosphere. DACCS must therefore compete 
with existing compliance mechanisms. 

Cost estimates for DACCS ($/tCO2) are based on assumed design and per-
formance attributes. Current estimates range from 100 to 1,000 $/tCO2 captured 
over a wide range of assumptions regarding technological readiness and scale of 
deployment. It is important to note that most estimates are for capture only; they 
exclude the cost of transport and storage. For context, consider the City of Bos-
ton’s 2021 revision of its Building Emissions Reduction and Disclosure Ordinance 
(BERDO) that requires owners of buildings larger than 20,000 square feet to 
demonstrate emissions reductions.

Current options and approximate associated costs for Boston building owners 
are power purchase agreements ($12/ tCO2), Class I renewable energy credits 
($10.50/ tCO2), and an “alternative compliance pathway” ($234/ tCO2). Thus, 
even if one assumes technical viability, in its current state DACCS is not economi-
cally viable as a compliance pathway. This could change because many new energy 
technologies exhibit rapidly falling unit costs as deployment scales. Economic vi-
ability goes hand in hand with the need to rapidly scale: thousands of complete 
DACCS systems are required to yield a sizable reduction in atmospheric CO2. R
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Weinreb Group Builds Recruitment Platform in Qualified 
ESG and Sustainability Candidates

Weinreb Group (Berkeley, Calif.), a global boutique placement agency, collab-
orates with clients to find, vet and place well-qualified ESG and sustainabil-
ity candidates. A woman-owned agency, Weinreb Group seeks to understand 

the unique needs, culture and value proposition of each client in order to help define their 
hiring strategy. Through a proprietary process, hands-on guidance and carefully cultivated 
relationships, Weinreb Group builds long-term relationships with clients, supporting 
them through searches for a CSO, ESG Leader, Partner or an entire team.

Ellen Weinreb has worked at the intersection of sustainability and human resources as a 
recruiter and consultant for more than 20 years. A “super connector,” Ellen’s passion for sustain-
ability and ESG was sparked while earning her MBA from Yale and interning at L.L.Bean. 
Ellen is a regular speaker at industry events and pens a column with GreenBiz entitled “Talent 
Show.” She frequently shares her perspective with global media outlets, including Marketplace, 
the Wall Street Journal and Barron’s.

EBJ: Tell us about Weinreb Group and 
how you came to be a sustainability 
recruiter.

Ellen Weinreb: I started Weinreb 
Group in 2005, long before sustainability 
or ESG was at the top of most people’s 
minds. I worked as a consultant after get-
ting my MBA from Yale and knew that I 
wanted to focus my career on something 
that was beneficial to the world and pro-
vided me with personal satisfaction. I saw 
a hole in the market - I was the first dedi-
cated sustainability recruiter - and decided 
that’s where I would make my mark. I of-
ten say my superpower is connecting peo-
ple, so it’s been a great career choice for me. 

EBJ: From a recruitment perspective, 
how has the profile of the sustainability 
professional evolved?

Weinreb: In the early days a lot of the 
roles I filled were either very specific to an 
environmental impact, like agriculture or 
water management, or very general, like 
social impact manager. As the industry has 
gotten more sophisticated so have the roles 
and the requirements. Now I focus on c-
suite roles, primarily chief sustainability 
officer or head of ESG, which requires 
more traditional leadership skills like in-
fluencing, coalescing ideas and setting a 

vision, along with core knowledge of envi-
ronmental and social issues.  

EBJ: What types of companies are en-
gaging your services, and what positions 
they are looking to recruit?

Weinreb: I primarily work with compa-
nies looking for their senior-most sustain-
ability leader, their CSO or, with finan-
cial services companies like private equity 
groups, their ESG leader. In both cases, af-
ter placing the leader, I am often engaged 
to build out the full team of another eight 
or 10 people. Those hires are often more 
specialized, like PE companies need peo-
ple with portfolio expertise in real estate or 
energy, as well as ESG leaders for the legal 
and HR teams. In terms of demand, my 
business has doubled year over year for the 
past two years. 

EBJ: Is there any academic program that 
produces executive talent ready to place, 
or are corporate or hands-on experience 
the most crucial elements?

Weinreb: There’s no single executive 
program that makes someone “CSO-
ready,” but certainly an MBA in sustain-
able business is valuable for someone at the 
early phase of his or her career. For more 
seasoned professionals who want to pivot 
into sustainability or ESG, certifications 

can certainly help, but I don’t see them as 
a requirement when I am looking for great 
candidates. 

EBJ: Are successive generations of busi-
ness people more engaged in sustain-
ability and more willing to incorporate it 
into what they’re doing or even make it 
the centerpiece of their careers?

Weinreb: Yes, research - and experience 
- tells us that people in up-and-coming 
generations care deeply about protecting 
the planet and ensuring social equity. It’s 
exciting to see so much enthusiasm for sus-
tainability and ESG roles, which I believe 
will eventually be ubiquitous across orga-
nizations. In other words, eventually there 
won’t be a sustainability “department,” but 
everyone will have sustainability as part of 
their job. 

As the industry has gotten 
more sophisticated so have the 
roles and the requirements. 
Now I focus on c-suite roles, 
primarily chief sustainability 
officer or head of ESG..

EBJ: What originally inspired you to 
enter the sustainability field?

Weinreb: After business school I was 
a consultant for 10 years, working with 
companies that were in their early phases 
of figuring out their sustainability strate-
gies. I saw an opportunity to use my “su-
perpower” - connecting people - to support 
their growth. 

EBJ: What is the most compelling evi-
dence of climate change that you’ve seen 
in your lifetime?

Weinreb: The evidence is around us 
every day! Increasingly dangerous climate 
events, intense heat, drought, melting gla-
ciers, loss of biodiversity - these are all ex-
amples of climate change and its impact on 
human health. R
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CLIMATE CHANGE BUSINESS JOURNAL®
COMPANY INDEX

EBI Report 4800: Climate Change Adaptation & Resilience Markets 
(updated for 2021) focuses on the U.S. and global climate Adaptation & 
Resilience industry, led by consulting & engineering firms doing assess-
ment, risk science, modeling and planning. Adaptation & Resilience is 
a billion-dollar industry in the United States, with substantial contract-
ing project management growth as design and construction of adaptation 
measures begin in earnest. The global market already is $3 billion, and the 
market is divided by assessment, planning, design and construction and 
specialists in each area. CCBJ’s assessment of climate change adaptation & 
resilience markets identifies funded projects conducted by utilities, states, 
ports, institutions, government agencies, non-profits, universities and con-
sulting & engineering firms. 
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Alternative Fuels Data Center  16

Ammonia Energy Association  25

Atos  46

Boston University Institute for Global 
Sustainability  49

Brookfield Renewable  33

CALSTART  20

Carbonfuture  38, 39

Carbon Limit  24

Carbon Market Exchange Ltd.  28

Carbon Neutral Consulting  26

ChargePoint  17, 20, 21

ChargePoint Holdings Inc.  17

Clean Edge Inc.  30

Clinton Foundation  25

EcoAct  46

Electrify America LLC:  18

Edison Electric Institute  3, 13

Ernst & Young Global Limited  43

European Alternative Fuels Observatory  17

EV Charging Installers of America  18

EV Connect Inc.:  18

EVgo  17

EVgo Services LLC  18

EvoCharge Inc.  19

EVSE LLC  19

EY  43, 45

Global Carbon Project  10

EBI’s Reports & Datapacks provide 
market data and company informa-
tion that includes forecasts, survey 
results, and interviews with com-
panies, experts, and analysts, along 
with research on revenue generation, 
financial performance, and other vital 
industry information. Report files 
come in PDF and Datapacks in XLS 
and each include up to 30 minutes of 
phone support from EBI research.

•	 U.S. Environmental Industry DataPack

•	 Climate Change Industry DataPack

•	 Environmental Consulting & 
Engineering DataPack

•	 Remediation Market DataPack

•	 Solid Waste Management DataPack

•	 Haz Waste Management DataPack

•	 Environmental Industry Overview

•	 The Global Environmental Market

•	 Environmental Consulting & 
Engineering Report

•	 Remediation & Industrial Services

•	 WaterView: Services & Equipment

•	 Environmental Testing & Analytical 
Services

•	 Solid Waste Management, Resource 
Recovery & Waste Management 
Equipment

•	 Instruments & Information Systems

•	 Air Pollution Control Equipment

•	 Environmental Industry 
Summit Dates: March in San 
Diego; May in Texas; July in 
Seattle; November in DC, 
December in Boston.

•	 Environmental Industry 
Summit XXII: March 22-24, 
2023 in Coronado, California: 
CCBJ Awatds


