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Who We Are
The Washington State Academy of Sciences (WSAS) is a not-for-profit organization of more than 300 elected members who 
are nationally recognized for their scientific and technical expertise. All members of the National Academies of Sciences, 
Engineering and Medicine who reside in Washington State are invited to join; others are elected in recognition of their 
scientific and technical contributions to our nation and their desire to contribute their expertise to inform issues in 
Washington State.

Our Mission
WSAS provides expert scientific and engineering assessments to inform public policy making and works to increase the 
impact of research in Washington State.

Our Value to Washington
WSAS mobilizes the expertise of our members, plus our network of partners, to provide independent, non-advocate 
scientific and engineering assessments of issues that impact the citizens, government and businesses of Washington State.

Our Approach
We accomplish our mission by drawing on our statewide pool of distinguished members, state government officials, and 
other key stakeholders and experts to address critical issues facing Washington State. We organize and conduct multi-
disciplinary roundtable discussions, workshops, and symposia to assess risks, identify technological opportunities, and 
define critical research gaps. Our use of peer review ensures the studies we conduct, programs and projects we evaluate, 
and reports we provide are scientifically and technically sound and unbiased resources for informing the development of 
Washington State policy.

Learn more about WSAS on our website: www.washacad.org

Washington State Academy of Sciences
901 5th Avenue, Suite 2900
Seattle, WA 98164
206.219.2401

About WSAS
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A few days before the 13th annual symposium of the 
Washington State Academy of Sciences on September 17, 
2020, Washington State had the worst air quality in the 
world because of wildfires burning uncontrolled up and 
down the West Coast. Nothing could better demonstrate 
the importance of the theme chosen for the 2020 
symposium, “Creating a Model for Global Decarbonization 
through Washington State Science, Engineering, and 
Technology.” Anyone in the Pacific Northwest who needed 
a reminder of the threat that climate change could pose 
to our state need only look out his or her window at that 
week’s smoke-filled skies.

Fittingly, the theme of the previous Washington 
State Academy of Sciences symposium was “Wildfire in 
Washington State,” which highlights a critical aspect 
of the Academy’s work—its ability to highlight issues of 
major importance to the state and its citizens. Among 
the goals of the Washington State Academy of Sciences 
are identifying emerging trends and needs that will have 
significant impact on our citizens’ future and organizing 
in-depth discussions about major issues confronting 
Washington State. It does this by identifying and 
recruiting as members the state’s most distinguished 
scientific and technical experts, convening panels of 
experts to advise the state on scientific and engineering 
issues, and developing and sustaining a culture of 
scientific and technical excellence in Washington State 
through annual scientific symposia and support for 
students in science and engineering. Most recently, 
the Academy has been working on studies and reviews 
of the Skagit River Basin water supply, threats to 

southern resident killer whales, and assessments of 
PFAS alternatives, among other topics. The Academy is a 
resource that the governor, legislators, private industry, 
and citizens can use to explore and address some of the 
most critical issues we will face in the years and decades 
to come.

There was one major difference between the 2019 
and 2020 symposia. The COVID-19 pandemic forced the 
most recent symposium to be held remotely rather than in 
person. The event came off without a hitch thanks to the 
careful planning and technological wizardry of Program 
Operations Manager Devon Emily Thorsell and Program 
Officer Yasmeen Hussain. In addition, we tapped into 
the talents of the Torrance Fellows—graduate students 
in University of Washington’s Clean Energy Institute—to 
prepare pre-read materials for the symposium. In these 
and other ways, the 2020 symposium demonstrated 
the potential of new arrangements to complement and 
even augment in-person meetings. Participants were 
able to read background materials in advance of the 
symposium and then engage in discussions with people 
who might not otherwise have been able to attend the 
meeting. While we all look forward to meeting in person 
again soon, the pandemic has taught us lessons that 
undoubtedly will prove valuable in future years.

Roger Myers, President

Ronald Thom, Past President

Donna Gerardi Riordan, Executive Director

Foreword
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Decarbonizing the global economy is the greatest 
single challenge the world will face in the next few 
decades, and Washington State is at the forefront 
of responding to that challenge. New state laws are 
accelerating electricity decarbonization. Enhanced 
building standards are further reducing Washington 
State’s greenhouse gas emissions. But much more will 
need to be done to decarbonize the state’s economy, 
much less the global economy. For that reason, the 
Washington State Academy of Sciences, as part of its 
mandate to inform public policy making and increase the 
impact of research carried out in the state, decided to 
devote its 2020 annual symposium to how Washington 
could create a global model for decarbonization through 
science, engineering, and technology.

We decided to focus on three sectors—aerospace, 
information and communications technology, and 
land use—because they have the greatest potential for 
advances made in Washington State to have a global 
impact. Many of the jets in the global aircraft fleet, 
which is responsible for about 2 percent of world’s 
greenhouse gas emissions, have been and will continue to 

be made here in Washington State. The information and 
communications technology sector has transformed the 
state’s economy and workforce even as it has reshaped 
lives around the world. Washington’s forests contain more 
carbon than the amount emitted by the entire United 
States annually. Few other places are as well positioned 
as our state to lead the way toward a decarbonized future.

By investigating how aviation, infotech, and 
land use can decarbonize while helping to secure our 
citizens’ prosperity and employment prospects, the 2020 
symposium of the Washington State Academy of Sciences 
has lessons for people everywhere. In improving the lives 
of Washingtonians, we could help the entire planet.

Daniel Schwartz, WSAS Member and Symposium Chair 
and Organizer, University of Washington

 

Preface
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I would like to welcome the Washington State 
Academy of Sciences’ 13th annual symposium. This 
year’s symposium is obviously taking place during a 
time when our society is grappling with a number of 
unprecedented challenges, all of which involve science. 
As we work together to respond to and recover from the 
COVID-19 pandemic and address the immediate needs 
for communities affected by the climate fires that have 
ravaged the West Coast states, the need for objective 
scientific and technological information has never been 
more apparent. I am pleased that this year’s symposium 
will focus on one of the most urgent issues facing our 
society—the need to decarbonize our global economy to 
combat climate change.

We know we are already seeing the devastating 
impacts of climate change in our state. It took only five 
days for 2020 to become our state’s second worst fire 
season on record, with more than 600,000 acres burned, 
eclipsed only by the 1.1 million acres in 2015. As a result, 
we’re also experiencing the worst air quality in the world. 
The cleanest air in the state is very unhealthy right now, 
with many communities experiencing hazardous air 
quality. In addition, climate change is already having 
devastating impacts on the natural resources in our 
economy. West Coast marine waters are acidifying at 
twice the global rate. Our streams are becoming too warm 
to support salmon, and our agricultural productivity is 
falling as a result of record heat.

“As we work together to respond to and 
recover from the COVID-19 pandemic and address 
the immediate needs for communities affected 
by the climate fires that have ravaged the West 
Coast states, the need for objective scientific and 
technological information has never been more 
apparent.“ 

-Governor Jay Inslee
This is an issue of people in our state, people who like 

to go fishing, people who are farmers. This affects people 
in our state. It is not just an issue of polar bears. Further, 
climate scientists tell us that if greenhouse gas emissions 
continue on their current pathway, the average year in 
Washington will be hotter than the hottest year of the 
20th century.

The message from the scientific community is loud 

and clear. We have no more time to waste. We have to do 
everything in our power to reduce global greenhouse gas 
emissions as quickly as humanly possible if we hope to 
avoid the worst impacts of climate change.

This year, I signed a bill to update the state’s 
greenhouse gas limits to reflect the most current science 
based on national and international climate assessments. 
The new statewide limit calls for aggressively reducing 
greenhouse gas emissions in the near term in order to 
achieve carbon neutrality by mid-century.

While Washington is in good company in adopting 
aggressive science-based goals, we recognize that the 
pathway to meeting these goals will require a dramatic 
transformation in our economy, both here at home and 
globally, all of which can involve robust job creation, 
which we want in our state. I believe, and the evidence 
shows, that we can achieve this transformation in a way 
that supports our other public policy goals for economic 
development, reliable and affordable energy supply, 
good-paying jobs, social equity, and environmental 
justice. And we can make this transition in a way that 
both cleans up our air and jumpstarts our economy. We 
know it’s possible, because it’s happening right now all 
over our state. Washington’s culture of innovation, our 
skilled workforce, and competitive advantage are our 
greatest assets, and they’re the reasons we are a global 
leader in clean energy transition.

We’re building clean infrastructure. In Seattle, the 
Kraken and the Storm will play in the world’s first net zero 
carbon arena. With innovative building technologies, it 
avoids the need for fossil fuels.

We’re creating clean energy jobs. In Moses Lake, the 
only advanced solar panel and cell manufacturing plant 
in the United States will open next year, making that 
community a critical hub in the U.S. solar supply chain.

We are leading in clean tech innovation. In Redmond, 
magniX developed the engine for an electric seaplane 
that took its first test flight with British Columbia’s 
Harbour Air last year. In Richland, Pacific Northwest 
National Laboratory will host a new national grid energy 
storage research facility that is going to help develop 
energy storage technologies to support our transition 
to a 100 percent clean electrical grid. In the Spokane 
Valley, Katerra opened the largest factory producing 
cross-laminated timber, a renewable structural building 
material that sequesters carbon for the lifetime of a 

Welcome from Governor Jay Inslee
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for this technology. These are just a few examples of 
how Washington is having significant impacts on global 
carbon emissions by innovating right here at home.

I’d like to leave you all with a small silver lining from 
our recent experience. The COVID-19 pandemic has forced 
us to reduce carbon emissions, giving us a glimpse of 
what’s possible and what’s needed to secure a healthy 
climate. And the pandemic has sharply reminded us 
that we are all still connected on a global scale. We are 
certainly all in this together. Increasingly, our future 
depends on our ability to better prevent and respond to 
global crises like the pandemic and like climate change.

That’s why I’m so grateful you are all here today. 
We need your expertise, innovation, and talent now 
more than ever. I’d like to thank the Washington State 
Academy of Sciences for convening this symposium and 
for recognizing the importance of developing and proving 
up the tools we need to secure a clean energy future in 
our state.

I’m confident that we can and will do our part to 
build that future, and that Washington will lead the world 
with proven technology developed right here at home. I 
encourage you to be vocal about your technology, about 
your research, and about your understanding of science. 
Science is going to be a leading light for us.

 

viii

building.

I’ve seen it firsthand when I saw the town that had 
burned down, Malden, Washington. Just a few miles from 
there, the ridges are replete with wind turbines. They’re 
spinning up clean energy and jobs for that community. 
What a great vision for our state.

Since 2013, our Clean Energy Fund has invested 
over $150 million in strategic research development for 
clean technology, demonstration projects to modernize 
our electrical grid, and deployment of clean energy 
technologies. I’d like to thank Dan Schwartz for his work 
at the UW Clean Energy Institute. It helps us to use these 
funds to support the next generation of clean energy 
technology leaders.

We know these successes are due in large part to the 
critical work of our research institutions in developing 
the scientific basis for technological solutions, educating 
policymakers and the public, and cultivating the 
incredible talent of Washingtonians toward meeting these 
challenges.

Going forward, we will need to significantly scale up 
our efforts. Today you’re going to hear about outstanding 
research and partnerships happening in Washington State 
to find climate solutions for some of our most critical 
economic sectors, including aerospace, information 
and communications technologies, and agriculture and 
forestry.

WSU material science professor Mike Wolcott’s 
leadership at the aviation sustainability center is an 
extraordinary example of how we’re pulling together our 
aviation industry, academic institutions, and government 
agencies to reduce climate impacts, to improve air 
quality, and to produce sustainable aviation fuels at a 
commercial scale.

Through her leadership on the U.S. National 
Committee for Soils, soil microbiologist Janet Jansson 
from PNNL is leading a collaborative research effort to 
better understand how soil microbiomes respond to and 
affect climate change. This work is going to inform the 
development of agricultural solutions to climate change 
and create opportunities for rural communities where 
farmers have a revenue source by sequestering carbon.

Through his participation in the Advanced Energy 
Lab, a partnership between Microsoft, McKinstry, and 
Cummins, UW chemical engineering professor Stuart 
Adler is leading efforts to decarbonize data centers using 
advanced fuel cell technologies and help from our state’s 
Clean Energy Fund. This collaboration is going to help 
Washington technology companies meet their climate 
goals and also positions us as a leader in a global market 
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The state that leads in decarbonizing its economy 
will lead in job growth, infrastructure development, and 
economic prosperity, said Dan Schwartz, Boeing-Sutter 
Professor of Chemical Engineering and director of the 
Clean Energy Institute at the University of Washington, 
in introducing the themes and speakers of the 2020 
symposium of the Washington State Academy of 
Sciences. Airplanes made in Washington fly all over the 
world. Washington’s information and communications 
technology cluster trails that of only the San Francisco 
Bay Area. Washington’s agriculture and forestry sectors 
are the number one or number two producers of many 
high-value products.

Though Washington’s emissions of greenhouse 
gas emissions are small on a global scale, activities 
carried out in the state have far broader consequences, 
said Schwartz. “Everything we do within the state 
of Washington—driving to work in Seattle, growing 
onions in Walla Walla, running a sawmill on the Yakima 
reservation, building Boeing aircraft in Everett, or 
operating a data center in Quincy—adds up to about 
one-quarter of one percent of the world’s total global 
greenhouse gas emissions.” But jets produce ten 
times more greenhouse gas emissions than do all the 
activities in Washington State. Information technology 
and communications contribute five times as much 
greenhouse gases as does all of Washington State. And 
the carbon stored in Washington’s forests equals more 
than 70 years of the state’s current annual emissions. Our 
state’s outsized effects on energy and climate ecosystems 
give Washingtonians tremendous potential to change not 

only the nation but the world, Schwartz said.

Schwartz proposed four ideas for cultivating this 
ecosystem. First, strong and coordinated research, 
development, and demonstration partnerships will 
enable the state to shape an efficient carbon innovation 
ecosystem. Second, a shared R&D infrastructure will allow 
all sectors to progress faster together. Third, a robust 
workforce development strategy will allow successes to 
multiply. Fourth, sector-specific technical services like 
carbon measuring and certification processes will enable 
faster progress.

REACHING THE DRAWDOWN POINT
Drawdown is the point in time when the atmospheric 

concentration of greenhouse gases begins to decline on a 
year to year basis. “Through drawdown, we can stop and 
begin to reverse global warming,” said Chad Frischmann, 
vice president and research director of Project Drawdown.

Discussions of climate change typically have been 
oriented around problems, fear, and conflict, but that is 
a recipe for apathy and indifference, said Frischmann. A 
new paradigm of solutions, possibility, and collaboration 
is needed, because such a recipe could serve as the basis 
“for something entirely different.”

Changes in the levels of greenhouse gases in 
the atmosphere depend on the sources and sinks for 
those gases (Figure 1-1). Electricity production, food 
production and land use, industry, transportation, and 
buildings all produce greenhouse gases. Terrestrial 

1. Decarbonizing the Economy

FIGURE 1-1. Approximately 59 percent of the greenhouse gases being emitted by humans remains in the atmosphere, with the remainder 
being absorbed and retained in natural sinks.

1
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sinks and coastal and oceanic sinks pull carbon dioxide 
out of the atmosphere and store it in non-atmospheric 
reservoirs.

Today, approximately 41 percent of the greenhouse 
gases emitted into the atmosphere by humans is 
sequestered in natural sinks, with the remainder staying 
in the atmosphere. Three mechanisms can change this 
balance. People can change their consumption patterns 
and thereby reduce emissions of greenhouse gases. They 
can replace technologies and practices that are emitting 
greenhouse gases with clean and renewable alternatives. 
And they can enhance the sinks that capture and 
sequester carbon away from the atmosphere.

Project Drawdown, a nonprofit organization that 
has the goal of helping the world reach drawdown, has 
been creating a new framework to achieve solutions 
to the climate crisis. By mapping, measuring, and 
modeling technologies and practices that exist today, 
it has identified a system of solutions that can not only 
produce drawdown but provide many ancillary benefits to 

human and planetary well-being. Over a 30-year period, 
based on peer-reviewed data from widely cited sources, 
solutions could be marshaled to ensure that the world 
does not exceed either a 2-degree Celsius warming target 
or an even more stringent 1.5-degree Celsius target 
(Table 1-1).

The decarbonization of electricity generation is an 
important part of the solution, Frischmann observed, 
but electricity accounts for only about 25 percent of 
global greenhouse gases. Other major sources include 
carbon emissions from buildings, from industry, and 
from transportation, all of which consume energy from 
the grid and also from on-site combustion. In addition, 
humans produce materials like refrigerants that are 
powerful greenhouse gases when they are released 
into the atmosphere. Capturing those refrigerants and 
destroying them or replacing them with refrigerants that 
do not harm the atmosphere are ways to reduce sources.

The single most important set of decisions that 
people make every day with regard to greenhouse 

2

SOLUTIONS SECTOR(S) SCENARIO 1 SCENARIO 2

Onshore Wind Turbines Electricity 47.21 147.72
Utility-Scale Solar Photovoltaics Electricity 42.32 119.13
Reduced Food Waste Food/Land Sinks 87.45 94.56
Plant-Rich Diets Food/Land Sinks 65.01 91.72
Health and Education Health and Education 85.42 85.42
Tropical Forest Restoration Land Sinks 54.45 85.14
Improved Clean Cookstoves Buildings 31.34 72.65
Distributed Solar Photovoltaics Electricity 27.98 68.84
Refrigerant Management Industry/Buildings 57.75 57.75
Alternative Refrigerants Industry/Buildings 43.53 50.53
Silvopasture Land Sinks 26.58 42.31
Peatland Protection and Rewetting Food/Land Sinks 26.03 41.93
Tree Plantations on Degraded Land Land Sinks 22.24 35.94
Perennial Staple Crops Land Sinks 15.45 31.26
Temperate Fores Restoration Land Sinks 19.42 27.85
Managed Grazing Land Sinks 16.42 26.01
Tree Intercropping Land Sinks 15.03 24.40
Concentrated Solar Power Electricity 18.60 23.96
Public Transit Transportation 7.51 23.36
Regenerative Annual Cropping Food/Land Sinks 14.52 22.27

TABLE 1-1. Solutions to Draw Down Atmospheric Greenhouse Gases

Note: Scenario 1 is roughly in-line with 2˚C temperature rise by 2100, while scenario 2 is roughly in-line with 1.5˚C temperature 
rise at century’s end.
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gases involves food, said Frischmann. The production, 
processing, packaging, transportation, storage, and 
preparation of food all produce emissions. Furthermore, 
an estimated 30 to 40 percent of the food that is produced 
is lost or wasted rather than being consumed.

Protecting, restoring, and expanding natural sinks 
can draw carbon out of the atmosphere. For example, 
forests store carbon away from the atmosphere while 
also protecting biodiversity. Protecting and restoring 
land is among the most impactful solutions that can be 
implemented from the local to the international scales to 
tip the carbon balance toward drawdown.

Finally, health and education have compounding 
impacts across all sectors by providing access to voluntary 
reproductive health resources and a quality education. 
Even in the United States, many people are being denied 
these basic human rights, said Frischmann. “This needs 
to change in our country and all over the world because 
these are solutions to the climate emergency.”

The solutions identified by Project Drawdown are not 
independent but form an integrated system of systems, 
Frischmann said. As a result, they can be implemented 
in parallel and holistically. Also, although the solutions 
cost money to implement, they produce a large financial 
return to the economy. Project Drawdown has calculated 
that the implementation costs of its solutions would 
range from $22 trillion to $28 trillion over 30 years, but 
the net operational savings may be $95 trillion to $145 
trillion over that same period.

Frischmann concluded by pointing to the many 
opportunities that Washington State has to contribute to 
drawdown. “The great work you’re doing as a state can be 
internalized, expanded, and exported to the rest of the 
country,” he said, “because you are a leader in creating 
these opportunities to build the future that we want.” 
Achieving drawdown would convert an economy that is 
exploitative and extractive to one that is regenerative 
and restorative. “This is the generation to do it, because 
the decisions we make today have more meaning than 
perhaps at any other time in human history. I ask all of 
you watching today to join us and link arms to create and 
build a regenerative future that we all need and want.”

IMPLEMENTING CLEAN ENERGY IN 
WASHINGTON STATE

In 2006, by ballot measure, Washington State 
adopted a renewable energy portfolio standard, well 
before most states were considering how to increase their 

reliance on renewable energy. A decade later, Washington 
State Representative Gael Tarleton and her colleagues in 
the legislature had the task of devising legislation that 
would meet the goal.

The result was the Clean Energy Transformation Act, 
which was signed by Governor Jay Inslee in 2019. As 
David Roberts of Vox pointed out, the legislation is the 
“best of the bunch” among state laws.1 Many other states 
and cities have passed renewable energy standards, 
but Washington’s legislation is distinguished by its 
commitment to have 100 percent fully renewable energy 
on the grid by 2045.

“It wasn’t just a statement of intent,” Tarleton told 
the symposium participants. “We needed milestones, 
we needed checkpoints, we needed to know that we 
were making progress toward the goal.” The legislation, 
which was developed through extensive coordination 
with the governor’s energy policy staff and with the 
Washington Utilities and Transportation Commission, 
seeks to capitalize on a unique advantage Washington 
has—its supply of hydroelectric power. It also includes 
critical milestones that affect not just electrification but 
the entire energy sector. In particular, the transportation 
sector is critical in Washington, Tarleton pointed out, 
because of the state’s heavy dependence on trade, 
whether by train, truck, plane, automobile, or ship. But 
electric batteries for small aircraft, for the maritime 
sector, and for cars and trucks would all benefit from a 
renewable energy infrastructure in the state.

Washington State’s legislation has established three 
goals for the decarbonization of the electrical sector. 
Coal-fired electricity should be eliminated by 2025. The 
electricity supply in the state should be carbon neutral by 
2030. And the electricity supply should be carbon free by 
2045. That gives the state just a quarter of a century to 
achieve decarbonization, Tarleton noted.

To achieve these ambitious goals, the Clean Energy 
Transformation Act prioritized several principles. It 
sought to maximize the creation of jobs that pay a living 
wage. It prioritized ensuring that all customers in the 
state benefit from the transition to clean energy. And it 
provided safeguards to ensure that the transition to clean 
energy solutions would not jeopardize the grid so that it 
would remain efficient, resilient, and reliable.

A key breakthrough in developing the legislation 
was changing the authority of the state Utilities and 
Transportation Commission away from a least-cost model 

1. The article is available at https://www.vox.com/energy-and-envi-
ronment/2019/4/18/18363292/washington-clean-energy-bill
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to a performance-based model, said Tarleton. This shift 
gives the commission the flexibility it needs to work with 
utilities on planning.

A second key breakthrough was changing the 
definition of the public interest. The goal was not 
to increase the burden on vulnerable people and 
communities, which have already been disproportionately 
impacted by climate change and environmental 
pollution. This, too, required a shift away from least-cost 
investments.

A third breakthrough was to work with the 63 utilities 
in Washington State and with the federal government to 
support the bill.

At the time of the symposium, rulemaking was 
under way to implement the goals and milestones of the 
legislation The framework for the rulemaking is equitable 
decarbonization, said Tarleton, which defines the metrics 
that the Utilities and Transportation Commission, 
utilities, the environmental community, and the labor 
community will use to measure progress. “This is a 
transformation in the way policy not only will be made 
but will be implemented.”

“The key to the legislation’s success is that 
every voice was heard in the negotations.” 

-Representative Gael Tarleton
The key to the legislation’s success, said Tarleton, is 

that every voice was heard in the negotiations. She and 
her colleagues in the legislature worked with utilities, 
environmental advocates, labor organizers, communities 
of color, and others who have been disproportionately 
affected by the energy infrastructure. “When we allow 
diverse voices to be heard, it’s an astonishing thing. As 
my mom used to say, ‘Ordinary people have the ability to 
accomplish extraordinary change.’”

PARTNERSHIPS FOR CHANGE
 The week before the symposium, Mary Collins, 

energy and environment policy advisor within the United 
Kingdom Foreign and Commonwealth Office, was camping 
with her family in California and woke one morning to 
find that it was raining ash. Getting in their car, they tried 
to drive away from the smoke but instead drove toward 
an active fire. “It felt like we were driving into the belly 
of the Earth,” she said. “The sky was glowing, pulsating 
an orange and purple color. It was something I’ve never 
seen before in my life.” It was the first time she had felt 
a flight-or-fight response due an event related to climate 

change. “It gave me a sense of urgency that I hadn’t felt 
before. You may not be personally impacted by the fires or 
floods right now, or your business maybe isn’t impacted 
by climate risk. But we’re getting a wakeup call in 2020 
on how we want to live and move forward as a society.”

 Collins has been leading the engagement 
with stakeholders in the western United States in 
preparation for the 26th UN Climate Change Conference 
of the Parties (COP26), which is scheduled to be held in 
Glasgow in November 2021. COP26 has five campaign 
areas—energy, nature, transport, finance, and 
adaptation and resilience—that are designed to lay the 
groundwork for stronger and sustained international 
cooperation. For example, it is working to achieve greater 
transparency in the banking and financial system, with 
financial institutions publicly disclosing how much 
their investments contribute to climate change. In 
transportation, it is working to double the pace of the 
transition to zero emission vehicles. For example, the 
United Kingdom aviation industry has a 2050 net zero 
target, and it could work with Washington State’s world-
leading aerospace industrial cluster to create a linked 
industry and innovation ecosystem, Collins said.

 New coal power in the pipeline needs to be 
eliminated while investments in clean power are doubled, 
Collins observed. Two of the fastest growing jobs in the 
United States are wind turbine technician and solar 
installers, and these kinds of industries could create jobs 
and put dollars into people’s pockets. “These are the jobs 
of the future, and once people are working and connected 
to this sector they will be glad to continue to support 
it.” Similarly, as a global innovator in such areas as cross 
laminated timber and sequestering carbon in the soil, 
Washington State could link its efforts to others across 
regions and countries.

 Adaptation and resilience planning need to 
be accessible at all levels, especially at the local level. 
Climate change threatens to push an additional hundred 
million people into extreme poverty by 2030, which is 
why the United Kingdom is doubling its climate finance 
investments to 11.6 billion pounds toward developing 
countries. “We can respond to the needs of these most 
vulnerable countries and communities around the world.”

 Meeting the Paris Agreement will require 
solutions that affect many fundamental aspects of life, 
like food, farming, and land use, Collins said. But Britain 
has shown some of what can be achieved by acting with 
a sense of urgency. Since 1990, the United Kingdom 
has reduced emissions of carbon dioxide by 42 percent 
while growing the economy by 70 percent. It has a 2050 
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net zero target that is formalized in legislation. It has a 
phase-out date of 2040 for internal combustion engine 
vehicles in light duty vehicles and is working to move that 
date up. It is constantly assessing and refining how to 
reach its emission goal.

 Despite such progress, the planet needs to 
decarbonize the global economy three to five times faster 
over the next decade than it has done over the past two 
decades, Collins insisted. “It matters what your business 
is doing. It matters how your research is contributing 
to drawdown. It matters what your state, local, or tribal 
governments are doing. . . . Does your city, does your 
company, does your university have a net zero target and 
a plan to get there?”

 When places like Britain or Washington move 
toward solutions, they are not acting alone, said Collins. 
Nor do they need to have every detail finalized to instill 
ambition and act with a sense of urgency. Solutions at 
hand from organizations like Project Drawdown or the 
U.S. Climate Alliance can have immediate impact.

 “We’re not short on solutions,” Collins 
concluded. “But we need to go forward with ambition 
and take that sense of urgency into our work.” She 
advocated a solutions-oriented mindset, because capital 
and creativity are available if the will to change exists. 
Change also needs to be widespread. Everyone needs to 
ask how their organization can have a target and a plan 
to get there, how research can have more of an effect, and 
how to collaborate with others to achieve solutions. “This 
year is an inflection point,” she concluded. “We’re going 
to move from a point of confusion to one of clarity.”

“We’re going to move from a point of 
confusion to one of clarity.” 

- Mary Collins
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Land use is a big piece of the puzzle of how to reduce 
carbon emissions, said Chad Kruger, director of the Center 
for Sustaining Agriculture and Natural Resources, who 
organized the session on decarbonizing land use at the 
symposium. Two speakers addressed the issue and the 
role that soil carbon storage in particular might play in 
decarbonizing the Washington State economy.

CARBON AND THE SOIL MICROBIOME
One tablespoon of soil contains billions of microbial 

cells, most of which have never been cultivated and 
have properties that are largely unknown, observed 
Janet Jansson, chief scientist and laboratory fellow at 
the Pacific Northwest National Laboratory. Yet these 
microorganisms are responsible for the vital tasks of 
cycling soil carbon and other nutrients. They therefore 
are critical for the storage of carbon in the soil and fluxes 
of greenhouse gases to the atmosphere.

“[Soil microorganisms] are critical for the 
storage of carbon in the soil and fluxes of 
greenhouse gases to the atmosphere.”

- Janet Jansson
Carbon enters the soil through the process of 

photosynthesis and deposition of organic matter. 
Microbial communities process the carbon that enters the 
soil, with some of it being returned to the atmosphere 
and some being retained belowground (Figure 2-1). For 
example, some bacteria in the soil produce polymers 
known as extracellular polymeric substances (EPS) that 
help retain water and organic matter in soils. Carbon in 
soils can also be in the form of partly decomposed plant 
material, metabolites, or dead microbial cells, known as 
necromass. In these and other ways, carbon in the soil is 
kept in a state where it is retained and not rapidly emitted 
back into the atmosphere.

Increased carbon dioxide in the atmosphere is 
predicted to have major consequences in Washington 
State, Jansson said, including increases in temperature, 
earlier annual snow melt, sea level rise, saltwater 
intrusion into coastal soils, increased drought, and 
greater fire frequency and intensity. These and other 
consequences of higher atmospheric carbon dioxide 
levels will also impact ecosystems, including the 
microorganisms that carry out key steps in the carbon 

cycle. However, the effects on ecosystems are still 
not well understood. In the short term, increased 
atmospheric carbon dioxide would be expected to 
increase plant productivity and the deposition of carbon 
in the soil. But faster growth of plants and increases 
in soil organic matter that stimulate microorganisms 
could cause them to respire more carbon dioxide into 
the atmosphere, which could deplete carbon currently 
stored in soils. “We need to gain an understanding of the 
fundamental processes that microorganisms carry out in 
the soil system if we’re going to be able to address and 
predict how those processes will be impacted by future 
climate change,” said Jansson.

The Pacific Northwest National Laboratory is 
conducting a variety of research projects to understand 
the impacts of climate change on the soil microbiome 
and carbon cycle. These projects range from the 
landscape scale, where hydrology, soil type, and climate 
are critical factors, to the molecular scale, where the 
genomes of organisms are being studied to learn how 
carbon moves through the system. At an intermediate 
scale, for example, researchers are performing gas 
flux measurements on soil cores to develop soil 
carbon models. At the microscopic scale, advanced 
imaging capabilities are being used to understand 
how microorganisms interact to break down carbon 
compounds.

At a Washington State University field station in 
Prosser, researchers are studying the potential for the 
arid and marginal soils of eastern Washington to grow 
biofuel crops and store carbon in the soil. Using four 
levels of irrigation, studies have looked at two varieties 
of perennial tall wheatgrass, which grows naturally in 
the Pacific Northwest and is a potential biofuel feedstock. 
It grows to be about ten feet tall and has roots that 
extend as much as six feet underground, twice as far as 
conventional wheat. The greater depth and surface area 
of tall wheatgrass roots create the potential to deposit 
carbon from the atmosphere into soil microorganisms 
deep underground.

A 2018 report from the National Academies 
of Sciences, Engineering, and Medicine, Science 
Breakthroughs to Advance Food and Agricultural 
Research by 2030, made several key recommendations 
regarding soil science:

• Maintain the depth and health of existing fertile 
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soils and restore degraded soils through adoption of best 
agronomic practices

• Create more productive and sustainable crop 
production systems by identifying and harnessing the soil 
microbiome

• Improve the transfer of technology and practices 
to farmers to reduce soil loss through converging 
research in soil sciences, technology adoption, and 
community engagement

These recommendations have special relevance in 
Washington State, Jansson concluded. Changes in the 
climate will have unknown consequences on microbial 
functions that are essential for life. Pacific Northwest 
National Laboratory has strong and growing expertise in 
soil and microbiome science, and it is eager to apply new 
knowledge in practice.

FIGURE 2-1. Microbial communities promote the retention of 
carbon in the soil through various mechanisms. Source: (Nature 
Reviews Microbiology, https://doi.org/10.1038/s41579-019-
0265-7).

SOIL AND HUMAN CIVILIZATION
According to a 2015 United Nations report, humanity 

loses 0.3 percent of its global food production capacity 
each year to soil erosion and degradation, said David 
Montgomery, professor of geomorphology at the 
University of Washington.2 At this pace, humanity could 
lose roughly a third of its food production capacity even 
as the population is growing. Already, one-quarter to 
one-third of the world’s agricultural land has been 

2. FAO and ITPS. 2015. Status of the World’s Soil Resources. Rome: 
Food and Agricultural Organization of the United Nations and Inter-
governmental Technical Panel on Soils.

moderately to seriously degraded due to soil loss and 
degradation, Montgomery noted. A study of history 
provides many examples of civilizations where soil loss 
and degradation influenced their decline, from Neolithic 
Europe, to Classical Greece, Rome, the southern United 
States, and Central America, usually by rendering 
societies vulnerable to such cataclysms as droughts or 
war. “There is society after society where you can connect 
the dots between soil degradation and the longevity or 
fate of a civilization,” said Montgomery.

In describing his book Dirt: The Erosion of 
Civilizations, Montgomery related how the plow has 
had an especially pervasive effect.3 By turning over the 
soil, it renders the land surface vulnerable to erosion 
by water and wind until something grows back, whether 
the next crop or the incursion of plants from elsewhere. 
Plowing also degrades soil organic matter by speeding 
the microbial decomposition of the organic matter in 
the soil. The effects of plowing are highly variable, said 
Montgomery, but the carbon content of many soils in 
North American is only about half of what it was before 
they were converted from forests or prairies to farmlands.

“[T]he carbon content of many soils in North 
American is only about half of what it was before 
they were converted from forests or prairies to 
farmlands.”

- David Montgomery
Based on a compilation of global rates of soil erosion, 

Montgomery has estimated that soil is eroding from 
conventionally tilled farms at a rate of 1.5 millimeters 
per year, meaning that it takes less than two decades 
to erode an inch of soil.4 However, nature produces soil 
at a rate of just a fraction of a millimeter per year, such 
that it takes centuries to millennia to make an inch of 
soil. The net loss means that erosion of a typical 0.5- to 
1-meter-thick hillslope soil could occur in roughly 500 to 
1,000 years, which is approximately the lifespan of most 
major civilizations outside of major river floodplains, 
where soils are regularly replenished by sediment-laden 
floods. However, only 1 to 2 percent of most landscapes 
are composed of floodplains and deltas, Montgomery 
pointed out. “Most of the lands are hills and uplands, for 
which, once tillage starts, the clock starts ticking on soil 
degradation.”

3. David R. Montgomery. 2007. Dirt: The Erosion of Civilizations. Oak-
land, CA: University of California Press.
4. David R. Montgomery. 2007. Soil erosion and agricultural sus-
tainability. Proceedings of the National Academy of Sciences 
104(33):13268–13272.
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RESTORING SOILS
When Montgomery and his wife bought a house 

in Seattle, they pulled up their lawn and found that 
their property consisted of glacial till that had been 
compressed by the wall of ice that overran Seattle during 
the last Ice Age. “There wasn’t a single worm in the soil. 
We essentially had dirt.” By adding compost, mulch, 
woodchips, and other organic matter to the soil, they 
were able to transform the soil from an organic content 
of 2 percent to 10 percent across most of the yard over 
the course of about a decade—an increase of not quite 
1 percent per year. Soil can be rebuilt, he said, if time, 
effort, and organic matter are put into it.5 

In studying the process, he and his wife realized that 
microbial communities in their soil were doing much of 
the hard work of bringing the soil back to life. Symbiotic 
relationships between fungi and plants were benefiting 
both partners and the soil. Microorganisms were breaking 
down organic compounds into simpler compounds. This is 
the “hidden half of nature,” Montgomery said, because it 
is smaller than can be seen and occurs underground.

In addition, plant roots do not just absorb water and 
nutrients. They are “two-way streets” that exude into 
soils a large variety of simple and complex compounds. 
These compounds attract microbial organisms that help 
the plants grow and protect them against pathogens. 
The community interactions and relationships in the 
hidden half of nature “opened our eyes to the science of 
microbial ecology and its importance for building soil 
organic matter,” Montgomery said.

This process can be applied to much larger 
landscapes. As Montgomery described in his book 
Growing a Revolution, farmers around the world have 
been restoring fertility to their land, building up soil 
carbon, and bringing profitability to degraded farms used 
a combination of three principles.6 The first is minimal 
disturbance of the ground through techniques such as 
no till farming. The second is maintaining a permanent 
ground cover through such practices as the use of cover 
crops and companion crops. The third is using a diverse 
rotation of crops. Known collectively as conservation 
agriculture, practices based on these approaches help 
cultivate the beneficial life in the soil. They are also 
“more or less the opposite of what we’ve tended to teach 
in agronomy for most of the last century, with reliance 

5. David R. Montgomery and Anne Biklé. 2016. The Hidden Half of 
Nature: The Microbial Roots of Life and Health. New York: W. W. Norton.
6. David R. Montgomery. 2017. Growing a Revolution: Bringing Our 
Soil Back to Life. New York: W. W. Norton.

on tillage-intensive agrichemical use and functional 
monocultures,” Montgomery said.

The practices of conservation agriculture can not only 
restore healthy and fertile soils but also generate higher 
profits. They allow farmers to spend much less on fossil 
fuels, fertilizers, and pesticides even as they rebuild soil 
organic matter. Furthermore, returning carbon to the soil 
helps with water retention and reduces off-site pollution 
from nitrates and phosphates, since less fertilizer is 
needed to maintain yields.

The practices of conservation agriculture...
can restore fertility and keep carbon in the soil 
not just in Washington State but around the 
world.

The challenge for Washington is how to translate 
these three principles for the contexts present in the 
state, Montgomery concluded. Practices that work in 
eastern Washington State will not necessarily work in 
western Washington State. Approaches vary by crops 
and by the previous condition of the soil. Ranchers 
need to apply different approaches than farmers. But a 
combination of approaches can restore fertility and keep 
carbon in the soil not just in Washington State but around 
the world.

FIGURE 2-2. In the rhizosphere around roots, plants 
exude compounds that support thriving communities of 
microorganisms that in turn support plant growth. Source: 
David R. Montgomery and Anne Biklé. 2016. The Hidden Half of 
Nature: The Microbial Roots of Life and Health. New York: W. W. 
Norton.
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BREAKOUT CONCLUSIONS
In a breakout session on land use issues, Dan Brown, 

director and professor in the School of Environmental 
and Forest Sciences at the University of Washington, 
pointed out that land use occurs in the context of not 
only environmental capabilities and constraints but 
also the social context of people, governments, and 
markets. Thus, land use changes have both ecological 
impacts and social impacts. He listed five strategies 
through which science can contribute increased carbon 
storage and reduced emissions in these systems: better 
monitoring and inventory of both the natural and the 
social environment, altered land use management such as 
increased rotation lengths, reduced forest loss resulting 
from both natural and social processes, increased forest 
cover in such areas as low-productivity farmland, and 
long-term storage of carbon in forest products such as 
cross-laminated timber.

Kirsten Hofmockel, earth scientist in the Biological 
Sciences Division of Pacific Northwest National 
Laboratory, noted that soils are fundamental to food 
production, clean water, energy independence, and a 
habitable climate and that soils store three times as 
much carbon as does the atmosphere. Soil security 
involves maintaining and improving soil resources to 
grow food, fuel, and fiber; to filter runoff and provide 
clean water; and to maintain biodiversity and ecosystem 
services, all of which contribute to human health and 
vibrant economies. Washington State could be a leader 
in developing science and technology priorities through 
research on issues such as soil carbon cycling and 
storage, soil ecology, and land management practices, 
she said. As a particular example, she mentioned the 
development of real-time sensors of soils, crops, water, 
and livestock that can be used to model and manage 
carbon transfer between land and the atmosphere.

Chad Kruger, director of the Center for Sustaining 
Agriculture and Natural Resources at Washington State 
University, asked why a farmer might be interested in 
managing the carbon in soils. Even if a farmer were 
paid $50 an acre to store more carbon, that might not 
make much difference in a potato farm generating 
several thousand dollars an acre or a tree fruit system 
that generates tens of thousands of dollars per acre. 
But increasing the amount of carbon in the soil has 
other benefits that may tip the economic balance—for 
example, by increasing the water-holding capacity of 
soil so that crops do better on hot summer days. Better 
diagnostic tools and tests—which were identified at a 
2018 government-university-industry summit as the most 

important issue in soil health—could help make this case, 
as could better implementation of scientific research and 
development of a roadmap for strategic investments.

Finally, William Pan, professor of soil science at 
Washington State University, described several win-win 
scenarios for farming and climate change mitigation. 
Farmers take a very large amount of information into 
account in developing their farm management plans, but 
economics is of course a key driver. As such, many long-
established ways of getting more carbon into soils now 
make economic sense. Biosolids from waste treatment 
plants, manure from dairy farms, lignin-rich wheat straw 
pulping co-product, and other sources of carbon and 
nitrogen can all be returned to the land to boost both 
production and soil carbon. The greatest needs now, said 
Pan, are for state and federal funding of research on these 
approaches and a stronger workforce of soil scientists, 
crop advisors, and others to put these approaches into 
practice.

Based on these presentations and subsequent 
discussions during the breakout sessions, Malin Young, 
associate laboratory director for Earth and biological 
sciences at Pacific Northwest National Laboratory, 
identified the important points during the subsequent 
plenary session:

• Washington State produces 300 different 
commodities, not just apples and wheat, which means 
that many crops receive relatively little funding for 
innovation and the dissemination of best practices. In 
addition, industry partnerships do not work as well for 
industries that are composed of many small producers, 
such as farmers.

• However, the diversity of ecosystems and 
agricultural systems in Washington also gives the state 
an advantage in thinking about complicated land use 
systems.

• Past investments in innovative land use 
approaches, such as initiatives aimed at sustainable farms 
and fields and soil health, have not been sufficient to 
inform how to improve land use practices on a large scale.

• Subsidies can run counter to sustainable farming 
practices by incentivizing people to grow crops that are 
not environmentally friendly. A trend in the marketplace 
toward sustainable products and practices could provide a 
counterbalance to such subsidies.

• Current production systems can accommodate 
variable weather and longer term climatic trends, but how 
many bad years can these systems handle before the need 
to change becomes compelling?
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• Better diagnostic tools and tests are needed that 
are specific to the ways in which land is used in the state 
so that land use practices can be informed by the local 
environment. For example, standard carbon accounting 
systems do not do a good job of capturing what happens 
in many parts of the state.

• Balances need to be struck between competing 
objectives, and these balances may differ from place to 
place. For example, increasing carbon storage in forests 
and other ecosystems may increase the associated fire 
risk.

• More conversations among researchers, policy 
makers, and producers would help bridge the gap 
between science and practice, as would more support for 
professionals such as crop advisors and soil scientists.

• Policies seeking to improve land use practices 
need to look at the state as a system of interconnected 
systems, such as forestland use regulation and carbon 
pricing policies. These policies also need to ameliorate 
the impact on marginalized communities.

• Diverse stakeholders should come together to 
establish a common vision and a path forward.
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Aviation is a difficult part of the transportation 
sector to decarbonize, observed Michael Wolcott, regents 
professor and director of the Office of Clean Technology 
at Washington State University, who organized 
the symposium session on the aviation industry. 
Nevertheless, the industry has set ambitious goals. It is 
planning to cap its carbon emissions at the 2020 level 
until 2035 and reduce its carbon emissions by 50 percent 
over the subsequent 15 years. Doing so will require new 
technologies such as biofuels and electrification, both of 
which were discussed during the symposium session on 
aerospace.

THE DECARBONIZATION OF JET FUEL
 Jet fuels represent just 3 percent of the energy 

consumed in the United States, noted Manuel Garcia-
Perez, professor and director of the Bioproducts, 
Sciences, and Engineering Laboratory at Washington 
State University. But even as more new cars are 
electrified, the market size for jet fuel is growing. Global 
consumption of jet fuel is projected to rise from 106 
billion gallons a year to 230 billions by 2050, with a 
current target of having 30 percent of that fuel being in 
the form of sustainable aviation fuels by 2040. Achieving 
that goal requires access to an inexpensive source of 
carbon from biological materials and an inexpensive way 
of converting that carbon into jet fuel, said Garcia-Perez.

Biomass is an inexpensive source of green carbon, 
and Washington is rich in diverse and distributed biomass 
resources. Every year, Washington State produces close 
to 2.5 million tons of agricultural waste and 5.5 million 
tons of forest waste that could be used for the production 
of sustainable fuels (Figure 3-1). The carbon in this 
biomass is stored in the form of six major biomolecules: 
sucrose, starch, triglycerides, lignin, cellulose, and 
hemicellulose. Today, seven approved pathways go from 
various renewable and waste carbon feedstocks to jet 
fuels. In general, these pathways rely on cracking or 
hydrolysis and hydro-deoxygenation to convert biomass 
into precursor compounds for jet fuels.

Garcia-Perez and his colleagues have studied six 
specific technologies for the production of alternative 
jet fuels. For each, they conducted a mass and energy 
balance and estimated the fuels’ minimum selling prices. 
These prices ranged from $1,150 per metric ton to 

more than $5,000 per metric ton. However, the cost of 
the intermediate products in the conversion processes 
was comparable for all the technologies studied. The 
difference in cost of the final products is mainly due to 
the cost of the deoxygenation step.

FIGURE 3-1. Forestlands and croplands in Washington States 
produce residual biomass that could be converted into jet fuels. 

The research group then asked what would be needed 
to produce jet fuel at $600 a ton with a feedstock price 
of $65 a ton and a conversion cost of $300 a ton. They 
calculated that meeting these milestones would require 
a conversion efficiency of 61 percent. To achieve this 
efficiency, almost all the carbon in the feedstock needs to 
be converted into fuel and the oxygen has to be removed 
in the form of water. This will require a technology that 
uses the carbon from the three main macro-components 
of biomass (cellulose, hemicellulose, and lignin) and 
does not produce byproducts.

The group has proposed a specific technology that 
could achieve a selling price close to $600 per ton, 
though the technology has been criticized due to its use 
of high volumes of methane. An alternative would be 
to use biogas obtained from anaerobic digestion, but 
that would reduce the economic viability of the project. 
Garcia-Perez said that he would expect a blend of natural 
gas and biogas to be used to achieve an equilibrium 
between economic and environmental sustainability.

New concepts are also being studied for the 
production of jet fuels from biomass, including the use of 
cheap sources of carbon and energy such as waste plastics 
and municipal solid wastes. A particularly promising 
intermediate compound is syngas, which can be readily 
converted with fermentation and catalytic pathways into 
jet fuels. Conversion of biomass from both forestlands 

3. Decarbonizing Aviation
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and croplands into both jet fuel and char would enable 
the latter to be used as a soil amendment to sequester 
carbon. In all these areas, Washington State has a unique 
opportunity to become a leader in producing sustainable 
aviation fuels while increasing the carbon content and 
fertility of agricultural soils and decreasing the intensity 
of wildfires, said Garcia-Perez.

“Washington State has a unique opportunity 
to become a leader in producing sustainable 
aviation fuels while increasing the carbon 
content and fertility of agricultural soils and 
decreasing the intensity of wildfires.”

-Manuel Garcia-Perez

THE ELECTRIFICATION OF AIRCRAFT
NASA is working on the electrification of aircraft of 

all sizes, from the large aircraft that are the backbone 
of the aviation system to small aircraft that might 
carry passengers or deliver packages (Figure 3-2). 
Such technologies will take longer to make inroads on 
larger aircraft, said Jim Heidmann, manager of NASA’s 
Advanced Air Transport Technology Project, since single-
aisle and twin-aisle jets represent a mature industry 
and gas turbine engines are highly developed. However, 
small vehicles, such as vertical-lift urban air mobility 
(UAM) vehicles, are drawing considerable interest for 
electrified aircraft propulsion (EAP), as are small fixed-
wing vehicles. For these kinds of vehicles, said Heidmann, 
“electrification can be a winner even today.”

NASA has four programs under which it manages 
its aeronautics investments: the Advanced Air Vehicles 
Program, the Airspace Operations and Safety Program, 
the Integrated Aviation Systems Program, and the 
Transformative Aeronautics Concepts Program. The 
final program is the newest and has some of the most 
ambitious goals, since it is working on technologies that 
could be big winners two or three decades hence. “We’re 
not doing research just for the sake of research,” said 
Heidmann. “We try to identify with industry and other 
partners, with universities and other agencies, what are 
the big technical challenges that need to be overcome to 
facilitate these new concepts and new approaches.”

In the area of urban air mobility and small aircraft, 
NASA has established several grand challenges:

• Accelerate technology certification and approval

• Develop flight procedure guidelines

• Evaluate communications, navigation, and 
surveillance options

• Demonstrate an airspace system architecture 
based on NASA’s Unmanned Aircraft System (UAS) Traffic 
Management (UTM) construct

• Collect initial assessments of passenger and 
community perspectives on vehicle ground noise, cabin 
noise, and on-board ride quality

NASA is not developing concept vehicles in this 
area, Heidmann said. Rather, a variety of companies, 
from startups to long-established aeronautics firms, 
are doing that. For its part, NASA has been working on 
the safety and certification standards and on the tools 
that the broader industry needs to facilitate concept 
development. For example, it has developed a UAM 
proving ground where companies can test prototypes and 
thereby get technologies to market earlier. It also has 
worked on airspace management to make sure that flying 
is safe and does not generate too much noise on the 
ground when large numbers of vehicles are in an airspace.

As a specific example, Heidmann described the X57 
Maxwell Flight Demonstrator, which is a battery-powered 
fixed-wing aircraft. The aircraft has a high aspect ratio 
wing that is half the size of a conventional wing and 
wingtip propellers that counteract wingtip vortices. 
It is designed to have zero in-flight carbon emissions, 
better cruise efficiency, and a quieter flight. “We are 
not promoting it as the solution. We’re promoting it as 
a testbed for looking at some of the challenges that are 
going to crop up when you get down to the engineering 
on some of these concepts.”

Several revolutionary technologies are being 
developed for vertical lift aircraft, such as tiltwings 
and hybrid turboelectric systems. Again, NASA is not 
developing the aircraft designs, said Heidmann. Rather, 
it is capturing the key technology needs for the broader 
industry. Challenges include such issues as interactions 
among rotors and between rotors and wings, propulsion 
efficiency, safety, and noise.

Lessons learned with smaller aircraft can be scaled 
up to transport-scale electrified aircraft propulsion, said 
Heidmann. For example, hybrid systems use multiple 
energy sources, such as a combination of a turbo 
electric and a gas turbine engine, with the power being 
distributed to propulsors distributed around the aircraft. 
NASA is also working on technologies that cut across 
different kinds of aircraft, such as the kinds of insulators 
needed for high-voltage systems, energy storage, and 
cryogenic, hydrogen-based vehicles.
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NASA is seeking disruptive ideas from universities 
that can partner with industry to convert those ideas 
to applications, Heidmann concluded. It also has been 
identifying technology gaps that need to be filled, “How 
far do we have to go on energy density? How far do we 
have to go on efficiency? . . . We all have to work together, 
small companies, large companies, NASA, universities, to 
address the range of problems.”

FIGURE 3-2. NASA’s work on electrified aircraft propulsion 
(EAP) spans a range of vehicles and needs, from unmanned 
aircraft systems (UAS) to urban air mobility (UAM) and other 
small aircraft, to regional jets (RJ) and large single-aisle jets, 
to twin-aisle aircraft.

BREAKOUT CONCLUSION
During the breakout session, also organized 

by Michael Wolcott, several speakers gave brief 
introductions to important issues affecting the 
decarbonization of aviation. Roei Ganzarski, the chief 
executive officer of magniX, pointed out that smaller, 
more accessible airports focused on shorter trips 
and fewer passengers may open the door for smaller 
electric planes to become mainstream. Electrification 
of the aviation sector will require the development 
of new infrastructure, the resolution of intellectual 
property issues that can handicap industry-academia 
collaborations, and a better prepared workforce with 
strengths in developing practical solutions to problems.

John Holladay, co-director of the Bioproducts 
Institute at Pacific Northwest National Laboratory, 
discussed the potential conversion of waste products 
into aviation fuels. This process must be able to contend 
with a wide range of feedstocks, be inherently safe, and 
be competitive with other ways of producing fuel or 
higher value chemicals. Successful development of such 
processes could transform a costly problem of waste 

disposal into a positive economic resource.

The potential conversion of waste products 
into aviation fuels...could transform a costly 
problem of waste disposal into a positive 
economic resource.

Sean Newsum, director of environmental strategy for 
Boeing, observed that the ultimate goal of the industry 
is to decarbonize aviation. However, hydrocarbon jet fuel 
will remain the major source of energy for aviation until 
at least 2050 because of the extensive infrastructure 
that is already in place for such fuels. Sustainable fuels, 
whatever their route of production, will need to be low 
cost and will have to meet strict third-party certification 
requirements.

Marianne Csaky, director of environmental affairs 
at Alaska Airlines, said that achieving these goals will 
require “not a silver bullet but silver buckshot.” Alaska 
Airlines has committed to a net zero carbon footprint by 
2050, which will be a challenge given the currently low 
price of jet fuel. The company would prefer not to use 
carbon offsets to achieve that goal, which will require 
that research and development focus on reducing the 
costs of producing sustainable fuels and finding new 
and inexpensive ways to get fuels “that last mile to the 
airport.”

Mehran Mesbahi, professor of aeronautics and 
astronautics at the University of Washington and 
executive director of the Joint Center for Aerospace 
Technology Innovation, noted that aerospace engineering 
is currently going through a rebirth, not only in aviation 
but in space exploration and commercialization, 
communications, autonomous vehicles, and many other 
areas. Part of that rebirth is a shift in emphasis from how 
the environment affects aerospace vehicles to how the 
use of those vehicles affects the environment. “That has 
to be reflected in the way that we teach our students in a 
much more substantial way.”

In the plenary session following the breakout session, 
Wolcott identified several key points that emerged from 
the discussion:

• Washington State has a robust system of experts 
and institutions working on the decarbonization of 
aviation. A current challenge is to coordinate these 
activities to make as much progress as quickly as possible.

• Research into fundamental problems needs to 
be combined with translational research to move new 
technologies into the marketplace.

• The “last mile” problem of getting new energy 
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systems into aviation requires attention to the aviation 
infrastructure. Because aircraft go from place to place, 
the infrastructure needs to change in more than one 
place for new technologies to have an impact.

• Because aviation is highly regulated by 
government, new technologies will need to be reliable 
enough to be certified.

• Government policy has tremendous influence 
over the speed of deployment of new technologies.

• Considering the effects of aircraft on the 
environment will require more interdisciplinary work in 
education, training, and workforce development.

• Engineering education and workforce 
development should emphasize technology development 
and the science behind technologies, along with critical 
thinking and practical applications.
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 Several factors make this the right time to think 
about decarbonizing information and communications 
technologies, explained Stuart Adler, associate professor 
of chemical engineering at the University of Washington, 
who organized the session on this topic at the 
symposium. First, personal electronic devices consume 
just a fraction of the energy consumed by the cloud 
services that those devices access. The data centers that 
provide these cloud services currently consume about 2 
percent of all the electric power produced in the United 
States, but their consumption is growing by 12 percent 
a year. By 2030, they are projected to be consuming 6 
percent of U.S. electrical energy, which is about the same 
amount as the entire iron, steel, and aluminum industries 
in the United States.

Second, many companies that have leadership roles 
in cloud services, including Microsoft, Amazon, Google, 
Facebook, and Apple, have made recent pledges to be 
carbon neutral by 2030. “This represents a sea change 
in the environmental leadership away from a regulatory 
approach where people in government advance an 
environmental agenda that’s imposed on industry,” said 
Adler. Instead, “industry itself is adopting environmental 
stewardship as a principal goal and leading the way.” 
Furthermore, because the leading cloud services 
companies are either headquartered or have presences 
in Washington State, a move toward environmental 
sustainability creates valuable new opportunities for 
statewide partnerships and initiatives with national and 
worldwide impact.

“[I]ndustry itself is adopting environmental 
stewardship as a principal goal and leading the 
way.” 

-Stuart Adler
Third, technological innovation is reshaping 

information and communications technologies. To meet 
the goals they have set, cloud services companies are 
going to need new and disruptive innovations, said Adler. 
As a reflection of this need, Amazon recently announced 
the formation of a $2 billion venture capital fund to 
support the development of technologies that reduce 
carbon emissions, while Microsoft has been exploring the 
commercial use of fuel cells in data centers.

RETHINKING DATA CENTERS AT 
MICROSOFT

Sean James, director of datacenter research at 
Microsoft, elaborated on the company’s initiatives. 
Microsoft has made a commitment to be carbon 
negative by 2030 and to remove all of its historical 
carbon emissions by 2050 (Figure 4-1). That will require 
innovation, said James, which is why the company 
has launched a billion-dollar climate innovation fund 
to invest in such areas as reforestation, soil carbon 
sequestration, and bioenergy with carbon capture and 
storage.

Decarbonization also will require rethinking some of 
the basic aspects of data centers. Data centers need to 
have uninterruptable power supplies, which is why they 
have backup generators. But these generators run very 
seldomly, James pointed out, which creates an intriguing 
possibility. Several years ago, Microsoft realized that 
it could use its data centers to help keep the broader 
electrical grid stable. If a data center loses power from 
the grid, batteries take over the load instantaneously 
and then the standby generators begin operating. These 
standby generators can also serve the larger grid. In 
Wyoming, for example, Microsoft has been able to say 
to the local utility that if it needs extra capacity, it can 
request that Microsoft start its natural gas generators.

The same logic can be applied to the batteries that 
serve data centers, James observed. At times during the 
day, the grid needs quick bursts of energy. Instead of 
having grid operators install batteries to deliver these 
energy microbursts, data centers can provide that energy 
from their batteries. Data centers need the batteries 
to cover their own needs first, but they can add battery 
capacity much more cheaply than can utilities.

Battery technology also continues to improve, with 
considerable progress still possible. The ideal battery 
would be able to store a lot of energy in a small space, 
have no self-discharge or degradation over time, and be 
inexpensive, so that it would be competitive with a diesel 
generator. Such batteries could store excess renewable 
electricity for later use, not only for data centers but for 
other applications.

Data centers have also been working to reduce their 

4. Decarbonizing Information and 
Communications Technologies
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electrical loads. One way to do this is through liquid 
cooling, which enables heat to be removed efficiently 
from servers through what are known as dry coolers, thus 
eliminating the need to air condition the servers. Another 
is to install fuel cells in the racks holding the servers, 
which simplifies the delivery of electricity, reduces costs, 
and eliminates points of failure.

An even more innovative approach is to put servers 
underwater. In a recent test of underwater servers off the 
coast of Scotland, the servers had one-eighth the failure 
rate that they did on land because of the stability of the 
environment. This experiment had lessons for servers on 
land as well, James noted, because it demonstrated the 
benefits of maintaining a very tight operating envelope.

FIGURE 4-1. Microsoft is aiming for its carbon emissions to be 
net negative by 2030.

INTEGRATING DATA CENTER BATTERY 
STORAGE WITH THE GRID

Many public and private entities have made 
aggressive commitments to decarbonization, noted 
Baosen Zhang, professor at the University of Washington 
in the electrical engineering and computer science 
department. New York State, for example, has committed 
to getting 50 percent of its electrical energy from 
renewables by 2030 and 100 percent by 2040, even 
though renewable sources of energy currently account for 
only about 25 percent of its electrical supply.

Doing so will require integrating major amounts 
of solar and wind energy into electrical grids, Zhang 
observed. But these sources vary according to weather 
conditions, which complicates the provision of a steady 
supply of electricity. Even today, in states such as 
California that have had trouble with electrical supply, 
the problem is not so much handling peak loads as it is 
dealing with variation in generation and loads.

With variable sources of supply and demand, 
batteries can “come to the rescue” by storing energy until 

it is needed, said Zhang. For example, a battery storage 
capacity of 50 megawatts could serve the electrical 
energy needs of the San Francisco Bay Area, but this 
is approximately the amount of storage in a few large 
data centers. “So the Bay Area, instead of installing 50 
megawatts of new batteries, which could cost tens of 
millions of dollars, could leverage the capacity already in 
data centers.”

Whether batteries can help provide grid services 
is determined predominantly by the economic benefits 
of those services. The use of a battery incurs a cost, 
requiring that the revenue received from the grid cover 
that cost. For example, batteries are degraded when 
they are used, just as with the battery in a computer 
or a phone, so if they are aggressively used for grid 
services, degradation in the function, or lifetime, of 
batteries needs to be taken into account. The feasibility 
of battery backups also depends on the configuration 
of the batteries. Batteries need to be able to back up 
the data center as well as serve the grid, adding to the 
requirements for redundancy already built into data 
centers. 

The bottom line is that data centers can provide 
significant flexibilities to electrical grids, Zhang 
concluded. But better incentives are needed to promote 
integration, because neither the grid nor data centers 
have been designed to work together in this way in the 
past.

Data centers can provide significant 
flexibilities to electrical grids...but better 
incentives are needed to promote integration, 
because neither the grid nor data centers have 
been designed to work together in this way in 
the past.

BREAKOUT CONCLUSIONS
During the breakout session, Dustin McLarty, 

assistant professor in the School of Mechanical and 
Materials Engineering at Washington State University, 
briefly described his work on high-temperature fuel cells 
and asked how academia can best connect with industry 
and government laboratories. A particular need is for 
terminal master’s programs in clean energy that could 
help develop the workforce for industry, McLarty said. 
One-off ideas from industry could provide a focus for 
master’s students, after which they could go to work in 
that industry.
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Jack Brouwer, professor of mechanical and aerospace 
engineering and associate director of the National 
Fuel Cell Research Center and Advanced Power Energy 
Program at the University of California, Irvine, spoke 
about the research and development being done on 
electrochemical energy conversion devices and systems, 
including work with Microsoft on proton exchange 
membrane, solid oxide fuel cells, and other technologies 
for making data centers more sustainable. Compared with 
California and other states, Washington State has been 
considering the decarbonization of difficult applications 
like aerospace, he noted. Getting to zero emissions will 
require innovative technologies like fuel cells and the use 
of hydrogen as a fuel, which will pose many interesting 
research questions.

Olga Marina, chief scientist with the Energy 
and Efficiency Division at Pacific Northwest National 
Laboratory, pointed out that the laboratory collaborates 
with industry and universities in any program it develops. 
The lab also has large-scale infrastructure that academia 
and industry can use to do both basic and applied 
research. An example is its work on hydrogen and fuel 
cells, where the lab is fostering the development of 
new electrocatalysts and doing research on hydrogen 
production, liquefaction, storage, and safety.

In the plenary session following the breakouts, 
session organizer Adler identified several important 
points that arose during the discussion:

• Decarbonization in information technology 
and communications has not yet benefited from much 
planning or road mapping. More interactions among 
people working on these technologies, including 
representatives of industry, could engage in strategic 
planning exercises and develop roadmaps for the future 
so that better decisions can be made.

• More applied research, along with greater access 
to research facilities, could create closer connections 
between academia, government laboratories, and 
industry while lowering the risk to industry of entering 
certain business areas. Such interactions could also 
provide students with stronger connections to industry, 
enhancing their education and developing their skills and 
expertise.

• Getting to 100 percent renewable energy will 
require a broad base of technologies and approaches. 
Governments at the state and federal level could 
help reduce the risk of developing and adopting 
new technologies—for example, by demonstrating 
technologies at scale in realistic environments.

• Progress will require cooperation across the 
supply chain, which the state or private groups like the 
Washington State Academy of Sciences could foster, 
especially if this work were guided by a roadmap aimed at 
particular milestones.
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In a wide-ranging discussion at the end of the 
symposium, meeting participants talked about the 
similarities and differences among land use, aviation, 
and information and communications technologies as 
candidates for decarbonization. All three rely heavily on 
use-inspired research that can be quite fundamental but 
also can be immediately applied to solving problems. All 
three also demonstrate that the pathway from science 
to application is not a straight line. For example, an 
orthogonal dimension can be considered as extending 
from exploratory research to work that is directly 
commercial. Research along this dimension can lead not 
only to research papers but also to intellectual property 
that enables small companies to be spun off from 
academic and government research institutions.

This kind of use-inspired fundamental research can 
especially benefit from partnerships among academia, 
industry, and government laboratories, each of which 
brings particular skills and capabilities to the task. 
Universities can do fundamental research that businesses 
cannot sustain while also pursuing commercially applied 
problems in a particular technology area. Government 
laboratories have research facilities that both universities 
and industry can access, whether for fundamental or 
applied problems. Companies can partner with university 
or government researchers, which enables professors, 
students, and public sector and private sector researchers 
to interact in the same space.

The three sectors considered at the symposium 
also have differences related to decarbonization. 
As symposium organizer Dan Schwartz pointed 
out, the aerospace sector and the information and 
communications sector are dominated by a few huge 
companies, whereas the land use sector has many more 
actors, both large and small. However, the three sectors 
themselves have opportunities to collaborate. Perhaps 
the monitoring of atmospheric carbon will someday be 
done by uncrewed autonomous vehicles outfitted with 
hyperspectral imaging, with the resulting data being 
analyzed through machine learning to understand more 
about carbon sources and sinks. Or remote sensing by 
satellite could reveal more about how carbon moves into 
and out of changing landscapes.

The Washington State Academy of Sciences, with its 
multidisciplinary membership, orientation, and projects, 
is especially well suited to foster this kind of intersectoral 
collaboration. Furthermore, Washington State is a 

national and international leader in all three sectors, 
providing opportunities for progress independently or 
collectively. Washington State, through its electorate, 
leadership, and economic stakeholders, has been leading 
the way toward a carbon-free vision for the future, Stuart 
said. The Washington State Academy of Sciences could 
play a crucial catalytic role in realizing this future.
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The 13th annual symposium of the Washington 
State Academy of Sciences addressed perhaps the most 
consequential issue facing the global community today: 
the need to decarbonize human activities. Unless levels of 
greenhouse gases in the atmosphere are held below levels 
that are fast approaching, the nations of the world will 
face crises greater than any they have experienced in the 
past.

The symposium was entitled “Creating a Model 
for Global Decarbonization through Washington State 
Science, Engineering, and Technology” because of the 
vast potential for scientific research and technological 
innovation to reduce the emission of greenhouse gases 
not just in Washington State but around the world. In 
particular, the symposium focused on three sectors where 
science, engineering, and technology in Washington 
State could have worldwide effects: land use, aviation, 
and information and communications technologies.

This final chapter of the symposium summary 
presents the major conclusions and potential actions 
discussed during the plenary presentations, breakout 
groups, and symposium discussions.

GENERAL CONCLUSIONS AND 
POTENTIAL ACTIONS

• States that lead in decarbonizing their economies
will lead in job growth, infrastructure development, and 
economic prosperity.

• Though Washington’s emissions of greenhouse
gas emissions are small on a global scale, activities 
carried out in the state have far broader consequences.

• Strong and coordinated research, development,
and demonstration partnerships can support an efficient 
carbon innovation ecosystem.

• A shared R&D infrastructure, a robust workforce
development strategy, and sector-specific technical 
services like carbon measuring and certification processes 
will enable faster progress.

• Technologies and practices that exist today
can not only slow and reverse the accumulation of 
greenhouse gases in the atmosphere but provide many 
ancillary benefits to human and planetary well-being.

• Decarbonizing the electrical supply will require

working with a wide range of stakeholders, including 
utilities, environmental advocates, labor organizers, 
communities of color, and others who have been 
disproportionately affected by the energy infrastructure.

CONCLUSIONS AND POTENTIAL 
ACTIONS IN THE LAND USE SECTOR

• Agriculture and forestry practices in Washington
State offer ways to increase productivity and reduce 
greenhouse gas emissions worldwide.

• Loss of soil fertility poses a risk to modern
society, just as it has contributed to the decline of past 
societies.

• Soil microorganisms are critical for the storage of
carbon in the soil and fluxes of greenhouse gases to the 
atmosphere.

• Better understanding of the fundamental
processes that microorganisms carry out in the soil 
will enable predictions of how those processes will be 
impacted by future climate change.

• The practices of conservation agriculture—
minimal disturbance of the ground through techniques 
such as no till farming, maintaining a permanent ground 
cover through such practices as the use of cover crops and 
companion crops—can restore fertility to the land and 
build up soil carbon.

• Washington State could be a leader in
decarbonization through research on issues such as 
soil carbon cycling and storage, soil ecology, and land 
management practices.

• Better diagnostic tools and tests are needed that
are specific to the ways in which land is used in the state 
so that land use practices can be informed by the local 
environment.

CONCLUSIONS AND POTENTIAL 
ACTIONS IN THE AVIATION SECTOR

• As a global hub of aircraft manufacturing,
Washington State will have a major impact on energy use 
in the aviation sector for decades to come.

• The state has major R&D efforts affecting all three
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of the potential pathways to decarbonizing the aviation 
sector: aviation biofuels, battery-based electrification, 
and the use of hydrogen as a fuel.

• The development of sustainable aviation fuels 
requires access to an inexpensive source of carbon and an 
inexpensive way of converting that carbon into fuels.

• Electrification of small aircraft is already 
possible, and the lessons learned from developing such 
aircraft can be scaled up to larger aircraft.

• Electrification of the aviation sector will require 
the development of new infrastructure, the resolution of 
intellectual property issues that can handicap industry-
academia collaborations, and a better prepared workforce 
with strengths in developing practical solutions to 
problems.

• Better coordination of Washington State’s robust 
network of experts and institutions working on the 
decarbonization of aviation would enable faster progress.

• Solving the “last mile” problem of getting new 
energy systems into aviation will require changes in the 
aviation infrastructure.

CONCLUSIONS AND POTENTIAL 
ACTIONS IN THE INFORMATION AND 
COMMUNICATIONS TECHNOLOGIES 
SECTOR

• Because the leading cloud services companies 
are either headquartered or have presences in 
Washington State, pledges to move toward environmental 
sustainability create valuable new opportunities for 
statewide partnerships and initiatives with national and 
worldwide impact.

• Decarbonization of data centers, many of 
which are designed in Washington State, provides an 
opportunity to consider how such centers could provide 
services for the broader electrical grid.

• More applied research, along with greater access 
to research facilities, could create closer connections 
between academia, government laboratories, and 
industry while lowering the risk to industry of entering 
certain business areas.

• Better incentives are needed to promote 
integration of data centers and the electrical grid 
because neither has system has been designed to work 
together in the past.

• Getting to zero emissions in many sectors will 
require the development and application of innovative 
technologies, which will pose many important and 
challenging research questions.
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