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INTRODUCTION
The World Economic Forum’s 2021
analysis of the global risk landscape
identifies the failure to act to address
climate change and future threats
from infectious diseases as having the
highest likelihood of occurrence and
the highest potential impact on the
world. The identification of climate
change as a global risk aligns with the
outlook of engineering organizations
such as the National Academy of
Engineering and the American Society
of Civil Engineers in their work to define
the engineering challenges of the 21st
Century. Engineering Change Lab – USA
(ECL-USA) Summit 11 featured a deep
dive into how engineering and the
engineering community can contribute
to the challenge of climate change and
how engineering might be transformed
by the way it responds to the emerging
risks of climate change.

GLOBAL RISKS LANDSCAPE

How do respondents perceive the impact ↑ and likelihood → of global risk?

World Economic Forum

Using the State of California as a case study for inquiry and as
context for the global challenge, participants in the summit
explored the roles the engineering community can play within
and across the private sector, public sector, and the non-profit
sector to catalyze action, facilitate communication, foster
collaboration, drive innovation and entrepreneurship, and shape
climate change public policy.

Kincade Fire, Northern California
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PROVOCATEURS

William B. Rouse
MCCOURT SCHOOL OF PUBLIC POLICY,
GEORGETOWN UNIVERSITY

Bill Rouse is Research Professor in the McCourt School of Public Policy at Georgetown
University and Principal at Curis Meditor, a firm focused on the health of people,
processes, organizations, and society. His research focuses on understanding
and managing complex public-private systems such as healthcare delivery, higher
education, transportation, and national security, with emphasis on mathematical and
computational modeling of these systems for policy design and analysis. Rouse has
written articles and books, including most recently Failure Management (Oxford, 2020).

Commissioner Andrew McAllister is serving his second term on the California Energy
Commission. He is focused on enabling modern, data-rich analytical tools to support strong
clean energy policy. At the Energy Commission, he leads the policy areas of energy efficiency
and energy assessments. Commissioner McAllister has worked on energy deployment and
policy since the early 1990s. He has worked across the world to deploy clean, cost-effective
energy solutions with counterparts ranging from tiny remote communities to the largest
of utilities. He administered two of California’s signature renewable energy programs,
developed and operated energy efficiency programs for utilities, and conducted a broad
Andrew McAllister
COMMISSIONER, CALIFORNIA ENERGY COMMISSION range of policy-related research for California and the federal government. He is chair of the
board of directors of the National Association of State Energy Officials and a board member
of the Alliance to Save Energy.
Dr. John H. Shinn (PhD Chemical Engineering UC Berkeley 1979) has dedicated over 40
years to improving the global energy system to better integrate environmental, social and
economic needs. Adapting the system to better respond to climate change risks has been
a major focus in his career since the late 1980s and he has led and advised efforts at major
energy companies, for the World Bank, US Department of Energy and multiple national
John Shinn
STAKEHOLDER BOARD LEADER, THE INSTITUTE FOR THE laboratories to create and implement more effective greenhouse gas reduction and social
responsibility approaches and led multiple green energy startups.
DESIGN OF ADVANCED ENERGY SYSTEMS (IDAES)

Heather Rock

CLIMATE RESILIENCE CHIEF, PACIFIC GAS AND
ELECTRIC COMPANY

Thelma Briseño

DIRECTOR, ENERGY & WATER PROGRAMS
CLIMATE RESOLVE
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Heather Rock is the Climate Resilience Chief at Pacific Gas and Electric Company, where she
leads the company’s efforts to bolster the resilience of its assets, operations, employees,
and communities amid the growing risks of climate change. Prior to joining PG&E, she held
various climate policy and risk analysis roles at Chevron Corporation and worked as a senior
analyst covering Latin America sovereign risk at Eurasia Group. Heather holds a master’s
degree in international affairs from UC San Diego and a bachelor’s degree in international
relations from University of Pennsylvania.
Thelma Briseño is the Director of Energy and Water Programs at the Southern California
nonprofit, Climate Resolve. Thelma is an environmental engineer from Northwest Ohio.
For over a decade, she’s been a scientist and advocate working in the environmental
health and community development space. In 2014, Thelma graduated with a M.S. in Civil
Engineering from the University of Toledo, where she helped the City of Toledo perform a
comprehensive life cycle analysis of the municipal water system. Her current work focuses
on green building, green streets, urban heat and energy efficiency projects

Opening Provocation

UNDERSTANDING & ADDRESSING THE COMPLEXITY OF CLIMATE CHANGE
WILLIAM B. ROUSE
MCCOURT SCHOOL OF PUBLIC POLICY, GEORGETOWN UNIVERSITY

Dr. Bill Rouse, Research Professor in the McCourt School of Public Policy at Georgetown University and a
member of the National Academy of Engineering, provided an overview of the grand challenge of climate
change. Dr. Rouse presented several examples of research indicating that the so-called “long-term” effects of climate
change are already present.
Owners of coastal homes are no longer able to get 30-year mortgages in some areas.
Our national flood insurance system is in debt, and property owners can no longer afford the increasingly
expensive flood insurance.
20-30 million acres in California need to be cleared of combustible undergrowth.
Projections indicate that portions of the southeastern and southwestern parts of the U.S. could be
uninhabitable in 20-40 years creating the potential for mass migrations.

He reminded participants that the
earth is a system whose components
do not operate on the same time scale
with variations from weeks/months to
decades. People, for example, tend to
discount events that will occur far in the
future, such as climate change impacts,
which can dampen support for longterm investments. People also discount
events that occur in distant locales.
Both these tendencies highlight the
importance of education as a strategy to
mitigate climate change.

Earth as a System, William Rouse
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UNDERSTANDING & ADDRESSING THE COMPLEXITY OF CLIMATE CHANGE continued
The stakeholders that comprise the components of earth’s system have widely varying perspectives with respect to climate
change.

STAKEHOLDERS’ PERSPECTIVES
Society: Elected officials have great difficulty trading off short-term versus long-term costs and benefits,

due to a large extent to the concerns, values and perceptions of their constituents – citizens and companies.

Organizations: The vested interests in energy extraction, refinement, and use are enormous and are

naturally inclined to sustain status quo business models, and the benefits these models provide to these
organizations.

Processes: Processes for extracting, refining, and utilizing fossil fuels are well developed, employ millions

of people, and represent trillions of dollars of stock market capitalization.

People: People have long exploited natural resources and come to depend on the benefits of these

resources in terms of both consumption and employment. Changing consumption habits is very difficult.
Stakeholders’ Perspectives, Bill Rouse

Dr. Rouse reviewed the potential interventions needed to address climate change, which include both interventions
needed to mitigate global warming and interventions needed to mitigate the impacts of unavoidable global warming.
These interventions, which are comprised of laws/policies, infrastructure, and education, all require major investments
that will produce positive economic returns. An example is the need for investments in training for the new jobs that will
result from growth in renewable energy technologies (solar and wind). He cited a projection that this training could drive a
three-fold increase in the needed capacity of community colleges.

POTENTIAL INTERVENTIONS
Mitigating Global Warming

Mitigating Impacts of Global Warming

Decrease use of fossil fuels

Deter building in flood plains

Decrease methane emissions

Encourage flood proofing homes

Eliminate coal-fired power plants

Encourage flood proofing businesses

Increase use of renewable energy

Invest in dikes, levees, etc.

Invest in home energy efficiency

Invest in wetlands to absorb hurricanes

Invest in clean energy public transit

Invest in means to project “where the water will be”

Transition to clean jobs

Invest in raising roads to enable continuity of access

Increase education for clean jobs

Invest in means to address high temperatures and fires

Increase consumption of plant-based food

Invest in educating K-12 and the whole population to understand threats

Invest in reforestation

Invest in developing jobs and training to respond to environmental threats and events

Rouse described the importance of science-based, computational models
combined with visualization techniques that allow stakeholder groups to
learn and discuss the costs, impacts, and benefits of various strategies and
scenarios. These types of models can be important tools to breakdown
distrust of science. Well-designed models have the potential to increase
learning, build trust, direct discussions to the scientific and economic facts,
and get rid of bad ideas quickly.
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As a parting thought, Dr. Rouse
reminded participants that, “There will
be no vaccine for sea level rise” and
that engineering is needed to lead the
interventions that can address climate
change.

Provocation

CALIFORNIA’S CLIMATE CHALLENGE
ANDREW MCALLISTER
CALIFORNIA ENERGY COMMISSION

Andrew McAllister, who is serving his second term as a member of the California Energy Commission, the
primary energy policy and planning agency for California, set the stage for our discussion of California as a
case study and as context for the larger challenge of climate change. He described the variety of climate change impacts
already being experienced in California, including how climate change is driving the innovation economy in the state.
ͧ
ͧ
ͧ
ͧ

Increasingly intense wildfires, with 4% of the state
having burned in 2020.
Declaration of a state climate emergency that is
impacting all state agencies.
State economy that is growing while greenhouse gas
emissions have been declining (see exhibit).
Over 500,000 already employed in clean energy /
energy efficiency jobs.

He also described the state’s ambitious policy goals for
decarbonization and adaptation.
ͧ
ͧ
ͧ
ͧ
ͧ
ͧ

Double Energy Efficiency Savings by 2030
60% Renewable Electricity by 2030; 100% CarbonFree by 2045.
Decarbonize Buildings and Industrial Processes
Electrify Transportation and Decarbonize Fuels
Provide Equitable Low-Carbon Solutions for Low-Income Residents and Disadvantaged Communities.
Carbon-Free Economy by 2045.

McAllister emphasized that development of implementation strategies to meet these goals is still underway. He stated that
renewable energy and storage would be major components.
He highlighted the critical importance of maintaining reliability simultaneous with the transition of the energy system, with
accurate demand forecasting as a critical need. Longterm solutions to maintaining reliability are illustrated in
the exhibit.
McAllister described California’s long history of increasing
energy efficiency, with per capita electricity consumption
significantly lower than the rest of the U.S. He described
the need to build on this history by developing strategies
for continued reductions in greenhouse gas emissions
from buildings, which is one of the areas of responsibility
of the California Energy Commission. He indicated
that electrification of buildings combined with flexible
demand will be the key elements of these strategies.
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Maintaining Reliability, A. McAllister

McAllister concluded by stressing the importance of investments in research in energy-related fields. The State of
California is investing $200 million per year to spur private sector innovation. This research is occurring across multiple
sectors of the energy system – buildings, generation, efficiency, agricultural, battery storage, and micro-grids. The
innovation that will result from these research investments is necessary to achieving California’s policy goals.

EMISSIONS FROM BUILDINGS

Emissions from Buildings, A. McAllister
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Provocation

MEETING THE CLIMATE PROTECTION CHALLENGE IN THE REAL WORLD
JOHN SHINN.
INSTITUTE FOR THE DESIGN OF ADVANCED ENERGY SYSTEMS

John Shinn, Stakeholder Board Leader of the Institute for the Design of Advanced Energy Systems (IDAES),
offered his insights from 32 years’ experience in the oil and gas industry. He emphasized that finding the
least cost pathway to decarbonization and resilience is critical to lowering resistance from the public and allowing deeper
emissions reductions sooner.
He also stressed that the challenge of climate change requires thinking both globally and locally and acting both globally
and locally. Achieving deep decarbonization and adaptation/resilience requires bringing together stakeholders from both
the private and public sectors to work collaboratively for the common good. Effective policies, such as cap and trade, are
essential to drive action for countries who have different motivations, such as economic development or social well-being.
He cautioned about the need to consider potential unintended consequences, such as energy policies that would slow
progress in developing countries or increase the cost of water, while making policy and technical decisions.
Shinn highlighted the importance of enlightened capitalism and social entrepreneurship on a global scale. He also
underscored the need for attracting, training, and retaining a workforce of engineers and technical workers schooled in
climate management and resiliency.
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Provocation

BUILDING A CLIMATE RESILIENT ENERGY SYSTEM
HEATHER ROCK
PACIFIC GAS AND ELECTRIC COMPANY

Heather Rock, Climate Resilience Chief at Pacific Gas and Electric Company, focused on the adaptation and
resilience aspects of the climate change challenge. Heather leads PG&E’s efforts to bolster the resilience of
its assets, infrastructure, operations, employees, and communities amid the growing risks of climate change. She again
emphasized the importance of maintaining
safe, reliable, affordable service amid climate
impacts – more intense heat waves and
wildfires, increased flooding, and sea level
rise – that are “baked in” for the future. She
stressed that, although future greenhouse gas
emissions are uncertain, current indications
are that we are still on the “business-as-usual,”
higher emissions scenario that is used by
scientists to analyze potential future warming
of the climate. Heather emphasized the need
to no longer think of extreme weather as
unprecedented, but as expected.

Rock described PG&E’s playbook for decisionmaking that includes a process for climate
vulnerability assessment along with new design
standards based on forward-looking climate
risk data. She said that California’s experience
with wildfires in recent years has been a wakeup call to the utility industry. PG&E’s climate
vulnerability assessment looks at impacts from
precipitation, temperature (heat events), inland
flooding, sea level rise, and wildfires. New
design standards are based on higher emissions
scenarios which provides increased factors of
safety. PG&E hopes that this process not only
increases resilience but also minimizes bills for
rate-payers and enhances returns for investors.

She highlighted that inertia and unwillingness to change within industry and utilities are being overcome by the wake-up
call from the California wildfires. Other utilities across the country are experiencing similar wake-up calls due to extreme
weather events, creating a sense of urgency to act.
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GROUP EXERCISE – EXPLORING CALIFORNIA’S CLIMATE CHANGE FUTURE
In group discussions, summit participants engaged in a ‘back casting’ exercise which looked back from a future in which
California succeeded in meeting its very aggressive climate change goals and examined roles the engineering community
could have played in that success.

CALIFORNIA’S CLIMATE CHANGE POLICY TIMELINE

ͧ

ͧ

2030
Reduce greenhouse gas (GHG)
emissions to 40% below 1990
levels.
60% of the electric grid is
serviced by renewable energy.

2045

ͧ Attain carbon neutrality by
sequestering all remaining
emissions.
ͧ 100% of retail electricity sold
in California is from renewable
and zero-carbon resources.

ͧ

2050
Reduce GHG emissions from all
sectors to 80% or more below
1990 levels and remaining
emissions are sequestered.

Key points from the discussion highlighted major contributions made by the engineering community, success factors for
the engineering community, and how the engineering community was transformed by its engagement in this endeavor.

MAJOR CONTRIBUTIONS FROM THE
ENGINEERING COMMUNITY
ͧ

ͧ

ͧ
ͧ
ͧ
ͧ

Technological Innovations and entrepreneurship across
all facets of the energy system – energy modeling,
storage, renewable energy, electrification, microgrids, energy efficiency, hydrogen, carbon capture and
storage, small nuclear reactors, and carbon-absorbing
construction materials.
Innovations and advanced application of natural
climate solutions – stormwater reuse, natural carbon
sinks, forest management.
New approaches to transportation.
Advances in infrastructure resilience.
Leadership in the education of the public, driving
behavior change.
Leadership in science-based public policy shifts,
including greater representation in elected office.
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SUCCESS FACTORS FOR THE ENGINEERING COMMUNITY
ͧ Coalescence around a common climate vision for the engineering community.
ͧ Development of a nationally known climate change scorecard like the ASCE infrastructure scorecard.
ͧ Emergence of trusted, “Fauci-like” engineering community spokespersons who are widely respected and listened to.
ͧ Transformation of engineering education to emphasize sustainability and climate change action, systems thinking,
public / stakeholder engagement, and multi-disciplinary pathways.
ͧ Major progress in improving diversity and inclusivity that drives innovation and community engagement.
ͧ Openness to multi-disciplinary collaboration – with technologists, with scientists, with environmental scientists, and
with the multitude of other stakeholders and communities touched by climate change.
ͧ Development of public policy acumen across the engineering community.
ͧ Focus on racial and environmental equity in the transition of the energy system and in helping underserved
communities enhance their resilience to climate change impacts.

TRANSFORMATION OF THE ENGINEERING COMMUNITY
The engineering community…
ͧ
ͧ
ͧ
ͧ
ͧ
ͧ
ͧ

views the challenge of climate change as a noble purpose.
accepts responsibility to address societal challenges like climate change.
embraces a leadership role with passion.
transforms practice and design to emphasize climate change.
accepts equity in infrastructure as a standard of practice.
embraces social entrepreneurship (societal contributions and profit).
leads in collaboration and systems thinking.
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Provocation

CLIMATE CHANGE & SOCIAL JUSTICE
THELMA BRISENO
CLIMATE RESOLVE

Thelma Briseno, Director of Energy and Water Programs at Climate Resolve, offered the perspective of
an engineer working in the non-profit sector to address climate change impacts in under-resourced and
disadvantaged communities that feel the impacts of climate change to a greater degree than other segments of society.
Climate Resolve’s mission is to “build collaborations to champion equitable climate solutions...” Their work is focused in
five primary areas – urban cooling, transportation, communities, wildfires, and smart growth. Climate Resolves seeks to
increase resilience and build workforce in the communities they engage with through direct community outreach, policy
“watch-dogging,” and project implementation.

Learn more about Climate Resolve’s work. (Climate Resolve).
Briseno highlighted a current Climate Resolve project, the Merced Avenue Greenway. The project is in a historically industrial
area that is transitioning to working-class residential land uses. The project area is characterized by high groundwater tables
with the groundwater contaminated by industrial pollution. The project was originally conceived as a traffic calming / traffic
safety project. Climate Resolve has worked with the community and other stakeholders to incorporate climate resilience into
the project through the addition of bike trails, greenspace, and natural stormwater systems. As a result, the project will not
only improve traffic safety, but will also control flooding, lower urban heat island effects, provide connections to a regional
trail system, and improve quality of life. Briseno emphasized the importance of community outreach and engagement in generating socially and environmentally just project outcomes.
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GROUP EXERCISE – FRAMING A NOBLE PURPOSE FOR ENGINEERING
In the final exercise of the summit, participants reflected on the potential emergence of a “noble purpose” for the
engineering community centered on the climate change imperative. Participants enthusiastically embraced this concept and
developed a dozen different initial drafts of a “Noble Purpose Statement.” These drafts included a set of common elements.

KEY COMPONENTS OF A CLIMATE CHANGE NOBLE PURPOSE FOR ENGINEERING STATEMENT
ͧ Embracing a trusted leadership role for the engineering community in educating the public.
ͧ Focus on the positive economic potential of addressing climate change.
ͧ Advancing shifts in public policy.
ͧ Driving private sector innovation.
ͧ Respect for the natural environment.
ͧ Justice and equity as key elements of climate change strategy.
ͧ Designing and implementing energy infrastructure.
ͧ Fostering engineering social entrepreneurship.
ͧ Transforming engineering practice through a broader view of engineering ethics and a systems-thinking perspective.

FRAMING A CLIMATE CHANGE NOBLE PURPOSE FOR ENGINEERING
12 Initial Drafts from ECL-USA Summit 11

GROUP 1 – Engineers need to take a multifaceted
approach to the issue of climate change through educating the public, collaborating with all stakeholders and
driving policy for change. Serving as educators, integrators, implementers and connectors of innovation to
showcase the benefits and possibilities of overcoming
the obstacles of climate change to the community.

GROUP 3 – Assert our leadership as stewards of the
nexus of the environment and our built communities.
Use our skills and systems thinking to move beyond
understanding the science to implement our designed
solutions and effectively communicate the benefits.

GROUP 4 – Ensure society addresses global imperGROUP 2 – Develop new solutions to improve the
quality of life. Enable engineers, in support of the U.N.
Sustainable Development Goals, with programs enabling
innovation to address global challenges such as climate
change, that are central to reducing inequality, poverty,
and gender inequality worldwide.
Diversity, equity, and inclusion are of paramount importance
to engineers. We encourage, support, and celebrate the
diverse voices of everyone in our technical pursuits. Too few
women and people of color have the opportunity to join
the global engineering profession. Yet, experience and data
have shown us that different ideas, perspectives, and backgrounds create a stronger, more creative work environment
that delivers robust solutions.
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atives. Include diverse voices, perspectives, and living
systems. Influence social justice. We are aspirational,
influence dreams and motivate change. If not us, then
who?

GROUP 5 – We embrace our responsibility to the global community by leading change, locally and urgently, to
address the causes and impacts of climate change.

GROUP 6 – Engineers and the engineering community
are ethically charged to play a crucial role in the climate
change objectives in the world and are called to be better than ever at their traditional roles of technology, research and deployment, and to be courageous in seeking new solutions. Engineers are in a unique position
to be able to help solve the climate crisis, including but
not limited to: developing new and creative solutions
to improve the quality of life; communicating and navigating across different systems; developing a prepared
workforce from grade school and up; being effective
entrepreneurs; and uplifting diverse voices. Diversity,
equity, and inclusion are of paramount importance to
engineers, and should be integral to our solutions for
this grand challenge.

GROUP 7 – Engineers will save the world--Join Us!
GROUP 8 – ENGINEERS DECLARE is both a public
declaration of our planet’s environmental crises and
a commitment to take positive action in response to
climate breakdown and biodiversity collapse.
The engineering community affirms its commitment to
drive and lead global collaboration for climate change
solutions through innovation and education of our local
communities in a socially equitable way.

GROUP 9 – The noble purpose of the engineering
community in the Grand Challenge of Climate Change
is to embrace a leadership role, taking responsibility
for creating the vision and crafting the policies that will
serve to inspire future generations of engineers to make
positive impacts on society beyond the mere technical
aspects.
GROUP 10 – Influence the development and implementation of technology, infrastructure and policies that
benefit the community and environment while enhancing the human experience and understanding life cycle
impact.

GROUP 11 – Engineers will lead the way by collaborating across disciplines and the diversity of the broader
society by embracing technology to develop innovative
solutions. We will act as trusted partners to help all
stakeholders better understand the risks and challenges
of action and inaction. Our professional standard of
care will be the guide in finding equitable solutions and
in considering the effects on the environment, stakeholders, and the economy.

GROUP 12 – Regarding the grand challenge of climate
change, we the engineers pledge to take a worldwide
leadership role in connecting communities, organizations and policy makers, fostering a culture of ethics,
stewardship, social responsibility and innovation in education, government, industry and across society.

There was consensus among the summit participants to continue work on the development of this noble
purpose concept for the engineering community. Hopefully, this commitment, along with the learning from
Summit 11, can serve to inspire positive change within engineering and the engineering community. Stay
tuned for further developments.
All provocateur presentations are available on the ECL-USA website (Summit Information | Engineering
Change Lab – USA (ecl-usa.org).
You can also see the recording of the summit on YouTube – https://youtu.be/kPGHZFC4LxQ
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