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Specialization Overview

program mission, goals, dual degrees

Our Challenges

climate crisis, decarbonizing, food systems, water

Our Approach

systems thinking, program elements, and themes

Solutions and Impact

Work by alumni and students, career outcomes,

Resources
Opportunities,

Questions

Alumni outcomes, data

Careers and
Employment
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SEAS

InNnovative, Integrated, Justice-Oriented, Entrepreneurial,
Global

Mission
At the University of Michigan School for Environment and Sustainability (SEAS),
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we are at the forefront of building a more sustainable and just world for all by
transforming the impact of higher education and reimagining the future. We

are advancing action through innovation, research, education and engagement

in society, and developing leaders who are empowered to halt the climate

crisis and create an environmentally sound future for generations to come.

Why Enroll?

*Skills, knowledge, tools, methods to *SEAS community

solve complex sustainability challenges  «Alumni network

*Interdisciplinary training Success of our students and alumni

Excellence of programs in SEAS and

across UM




Sustainable Systems Mission
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» Sustainable Systems graduates are equipped to
become leaders through an interdisciplinary
curriculum that focuses on systems thinking, as
well as a sound understanding of ecological
principles, the capabilities of technology, and
the mechanisms that reshape economic and

social progress.

- To guide and accelerate the development and
transformation of technologies, enterprise, and systems
for meeting basic human needs in a sustainable manner.

 This curriculum is designed to provide interdisciplinary
education and professional development for students in

SEAS and those in dual degree programs.



Themes

« Examples of Research Areas

« Autonomous and electrified vehicles

« Carbon neutrality modeling and strategy
» Circular economy

 Corporate environmental strategy climate
* Energy efficient technologies change
« Energy insecurity and justice

« Environmental impacts of international trade Systems
» Environmental information disclosure and greenwashing Approach
« Food, water, energy nexus and sustainable diets

* Net-zero buildings

» Renewable energy siting and grid integration

« Resource management in developing countries built
« Sustainable supply chains environ.

 Transportation climate policy

« Urban agriculture and sustainable food systems

« Urban infrastructure systems
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SEAS is Different

*Our customizable learning experience

*Our interdisciplinary emphasis

*We turn knowledge into impact

Solutions to complex environmental problems

‘The first environmental school to offer master’s projects

‘With X alumni (update stat), SEAS has the largest alumni network of
any environmental degree program.

-Our global engagement equips graduates to change the world
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Sample Courses Master’s Project or Thesis Core Dual Degrees
» Industrial Ecology * 16-month group project « SEAS + SusSys Core « Other U-M schools
» Electric Propulsion  Real client * Electives, Analytics ° Law
« Sustainable Cities  Real problem * Project, practicum, extra © Public Policy
» Climate Physics  Professional learning courses © Business
« Traffic Engineering  Giveback to society » Sustainable Design & © Engineering
« Urban Agriculture Technology © Economics
« Wetland Ecology « Sustainable Enterprise © Urban Planning

« Over 30% pursue a dual

degree
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Dual Degree: Erb Institute

Overview
« 2.5 or 3 year degree (MBA and MS)

* Curriculum includes client-based field projects with companies,
government, and nonprofits.

« Two summer internships

« Resources include specialized projects, access to rich network of

sustainability leaders, career support and additional funding

Impact Projects

 Short term, hands-on, field experiences

« Over 100 student projects to date

« About 1/3 have been international

» Locations include: Ecuador, Galapagos Islands, Costa Rica,

Nicaragua, Cuba, China, Gabon, Switzerland, Spain, and more!

Partnership Projects
» Through Partnership Projects, Erb students students work collaboratively

with companies, associations and nonprofits to tackle pressing business
challenges and broader strategy questions. These are paid opportunities

separate from internships and curricular coursework

Internships
» Students take on 2 internships

» Opportunities for out-of-the-box experiences

« Funding support for students pursuing internships with nonprofits

Practitioner Engagement
« U-M workshops, career chats, and guest lectures with sustainability

leaders, access to multiple boards

* 500 alumni
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Dual Degree: Erb Institute

Alumni Employers by Industry Alumni Primary Functional Area

Erb Institute Alumni - Primary Functional Area

@ Investment Banking
@ Education
) Real Estate

@ Consumer Goods

@ Manufacturing
@ Transportation

@ Healthcare/
Pharmaceuticals

@ Financial Services
@ Retail

@ Energy/Raw Materials
@ Other
@ Consulting

@ Technology/Telecom S...

Consulting
Sustainability/Environment
General Management
Other

Strategic Planning
Finance
Operations/Supply Chain
Marketing
Policy/Government Affairs
Sales

Human Resources

Information Technology

Percentage of Alumni
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Dual Degree: Engineering

MS/MSE Program
« MS/MSE Dual Degree Program

« 2- 2.5 years to complete
* First in the nation

 Launched Fall 2007

Engineering Sustainable

Systems 54 Credit
Engineerin hours

mechanical sustainable design
and manufgcturing

chemical

sustainable enerav
systems

environmental

SEAS

sustainable systems

aquatic sciences

sustainable water
resources
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More Dual Degrees

Master of urban and regional planning (MURP)

Environment & Master of science in public policy (MPP)

Sustainability
MS Juris doctor (ID)

Self-initiated dual degrees
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Our Challenge

Climate Crisis

Per capita (tonnes CO,) Cumulative emissions

| China United States
United States 259,
EU28
India FU28
Russia 11.6 22%
Japan iy
| '@n el Russia 7%
Saudi Arabia india 39, I -2P2N 47
South Korea
Canada Rest of
the world
World average 26%,

global average greenhouse emissions
1.5 C target in 2030: 2.8 t CO2e/capita

60 GtCO,e - Current policies
Pledges
and targets

50'=

40 - 2°C ‘
consistent

30 — ¢ - | ~ . °

Historical | Projections 1.5°C
emissions : consistent

20 - :

10 -

|
0

1990 1995 2000 2005 2010 2015 2020 2025 2030

billion tonnes of CO, equivalent; and includes the warming effect of other greenhouse gases

IPCC goals for 1.5°C, globalCO2
emissions:. ~45% reduction from 2010
levels by 2030, net zero around 2050
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Our Challenge:

Decarbonizing Energy Systems

Total = 100.1 Quads

Renewables = 11.5 Quads

Wind
Petroleum uclear 23.8%

0
2l Hydroelectric

21.7%
Geothermal
1.8%
Biomass
43.5%

Solar
9.1%

2018 fuel shares in world total energy supply

Other*
0.3%
Nuclear
4.9%

Biofuels
Renewables and

135% waste
9.0%

Solar, wind, geoth.,
tidal 2.0%

IEA. All rights reserved.

* Other includes non-renewable wastes and other sources not included elsewhere such as fuel cells.
Note: Totals in graphs might not add up due to rounding.
Source: IEA/OECD World Energy Balances.

Total = 4.12 trillion kilowatthours

</ /1.8%
N _ Biomass

~ T
Petroleum = 1.4%

1% \ Geothermal
0.4%

2018 fuel shares of world electricity production

Other*
0.4%

Biofuels and
waste
2.1%

IEA. All rights reserved,
* Other includes electricity from non-renewable wastes and other sources not included elsewhere such as fuel cells
and chemical heat, etc.
** Excludes pump storage generation.
Note: Totals in graphs might not add up due to rounding.
Source: IEA/OECD World Energy Balances.
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Accessibility

Reduce travel
» Live closer to work, bundle trips,

telework, teleconference

Shift modes
« Public transit, bike, walk

Vehicle
eldRriq desiggyehicle adoption

decisions
« Charging infrastructure, equity, access
» Deploy with renewable energy
sources
 Develop circular economy for EV

batteries

Our Challenge:

Decarbonizing Mobility and

Other technologies
* Vehicle lightweighting, powertrain

efficiency, automation

Policy

* incentives for EV deployment
» more stringent vehicle GHG standards
- tax to address externalities of climate

change
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Our Chal

Food Systems

lenge:

tored grains & Figure 3: Life Cycle Materials
sojlsans 1995 U.S. Food System Flow

(flows in million pounds)

Industrial -
uses processing &
40,930 water |osses
(36,770) by

mbporis® ditference
4{),390

dry beans,
Iergtls‘ nuts\ 4120 A\

grain products _'45,600 :
fruit (46% fresh) 48,340 Edlblcf
vegetables (59% fresh) 63,080 su"?%!l
caloric sweeteners 30

fats & oils J ',8250 355,

Beyond Meat’s Beyond Burger Life

) Cycle Assessment: THE BEYOND BURGER®  THE BEEF BURGER
consume A detail

iled comparison between a plant

259,610

V4 LB US BEEF BURGER
d and an animal-based protein source

R 0 &
red meat 43,680 meat&poultry 51,470 Martin C. Heller and Gregory A. Keoleian 996 WATER
Animal PoUtn 30742 L educts 16,280 —
products ©99s” | 9760 bl i LOSSES | .
oodservice N
239,470 :':i‘::‘f:; 55,290 eggs” 7920 & clonsumer % i
0sses :
feed grain : : 93 :
imEorts W 0 g(r)ts/ t proceslsing & |(r)§§ae'sl (90,820) Less LAND
13,870 ONCe exports water losses
fec 00 8570 (111,700) by (5450)
§ othgr difference Oo
yprodu i -
?eeds *Exports *Imports 90lmcf _-_ GHGE
19,900 roughage 158,000 feed grains 147,260 bananas & plantains 8530
Fekd to livestock wheat & flour 73,620  veg.& preparations 7830 /\
+ oug? oil seeds (inc.soy) 52,020 fruits, nuts & %
o 3iv 04"2' , feeds & fodders 29,400 preparations 5860 Less \ / ENERGY
n feedin :
.3oluoo¢com) g respiration, proteln meal 14,120 sugar&relate:d 4370
pasture | 370,000 animal waste, fruits, nuts & veg.oils 3440
live animals preparations 8340 other 11,360
vegetables
o Source: Sustainability Factsheets

other 16,630
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Our Challenge:

Water Scarcity and Sanitation

COVID-19 IMPLICATIONS

ENSURE AVAILABILITY AND SUSTAINABLE

MANAGEMENT OF WATER AND SANITATION FOR ALL 3 BILLION
PEOPLE WORLDWIDE
T
= T LA 0, ﬁﬂﬂﬂﬁ THE MOST EFFECTIVE METHOD FOR
BILLIUNS ST".L LACK TWO IN FIVE COVID-19 PREVENTION
WATER AND SANITATION SERVICES WEALYE CRRE FRER TS

WORLDWIDE HAVE
NO

Q

WATER SCARCITY
COULD DISPLACE

700 MILLION PEOPLE

BY 2030

SOAP 155 WATER & 6 SOME COUNTRIES EXPERIENCE
ALCOHOL-BASED A FUNDING GAP OF 61% For ACHIEVING
‘ "“"‘”f‘UB - WATER A0 SANITATION TARGETS

2.2 BILLION PEOPLE jm 4.2 BILLION PEOPLE g é by
LACK SAFELY MANAGED  LACK SAFELY MANAGED = - . %)y SUSTAINABLE
< DEVELOPMENT G‘?::’ALS

DRINKING WATER SANITATION

ACCESS MORE DATA AND INFORMATION ON THE INDICATORS AT HTTPS://UNSTATS.UN.ORG/SDGS/REPORT/2020/
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Our Approach:

Systems Approach

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Social Values @ @
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Our Approach:

Program Elements

Systems Analysis Sustainable Enterprise
« Evaluate sustainability » Lead public and private sector
performance organizations in the innovation

and implementation of
Sustainable Design and sustainable systems
Technology
 Guide design of sustainable

products and technology
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Cities + Mobility + Built Environment

Climate + Energy . . . . . .
Conservation + Restoration . . . . . '
- 0000008
- 00000808 -

focusing on Water

Example 1: ESM student focusing
on Mobility + Builit Environment

Example 2: EPP student focusing
on both Conservation + Restoration
and Climate + Energy

Themes
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Specializations
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[AS SCHOOL FOR ENVIRONMENT

Tailoring your Degree
Beyond your
Specialization

Certificates
* Environmental Justice

* Industrial Ecology
 Spatial Analysis
» Sustainability

* Climate Change Solutions
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Core Faculty

A AbFitaiy

Benjamin Greg Keoleian Thomas Lyon Shelie Miller
Assistant Professor Goldstein Professor, CSS Director Professor Professor

Assistant Professor

Joshua Newell Sara Soderstrom Parth Vaishnav Charlene Zietsma

Professor Associate Professor Assistant Professor Professor
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Master’s Projects

first environmental school to offer master’s projects

° ®
@
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2 o @
®
ENVlRUNMENTAL SCHUUL 10 MASTER'S PROJECTS SINCE 2006. INTERNATIONAL SITES

OFFER MASTER'@PROJECTS ®
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Scope 3 Emissions
Assessment and Circular
E ConNno my P rOto CO I Circular economy framework for automobiles: Closing energy

and material loops

JOURNAL OF Yale SCHOOL OF THE ENVIRONMENT

INDUSTRIAL ECOLOCY $== @NTNU

Laura C. Aguilar Esteva, Akshat Kasliwal, Michael S. Kinzler, Hyung Chul Kim, Gregory A. Keoleian i

D eve I o p m e n t a t Fo rd M Oto r First published: 20 November 2020 | https://doi.org/10.1111/jiec.13088

Funding InformationThis study was supported by the Ford Circular Economy Master's Project Fellowship
(No. N025068). Additional funding for this research was provided by the University of Michigan's School
for Environment and Sustainability and Argonne National Laboratory (ANL Grant # 7F-30052 & U.S. DOE
Award # DE-AC02-06CH11357).

Circular Economy at Ford Motor Company

BIO-BASED RENEWABLE MATERIALS: CRITICAL AND RARE EARTH METALS: VOC RECOVERY: From ZERO WASTE: Avoiding waste 1o
Use of bio-based feedstocks and residues Research projects to reduce quantities of atomotive painting for purge landfill in a high number of plants
like rice hulls, soy, coconut fibers, cellulose, critical materials, including rare earth metals solvent

wheat straw, castor, jute and hibiscus for ° REUSABLE PACKAGING: 100%
auto parts A \(\\)‘“

Vo
C"?%
‘z& QQV‘ ENERGY DECARBONIZATION

é\ - Energy efficiency

(<)

recycled, renewable or recyclable
f’l‘ materials

A
“,

CLOSED LOOP ALUMINUM RECYCLED:
Aluminum scrap used to stamp truck body
parts is returned 1o suppliers to create new
sheets - Wind and solar in Ford's facilities
- Use of cleaner fuel s

OTHER RECYCLED MATERIALS: Use of *
stoel, nylon carpets, plastic bottles and
cotton for auto parts

WATER MANAGEMENT: Reduced

use of non-water-based technologies
and altemative sources

CAMPUS SUSTANABILITY
INITIATIVES: LEED-certified buildings,
solar, permeable parking lots, green
roofs, LED lighting

Pyrolyzed
tires and metal ingots for other
uses in different industries
Researching second life
applications of lithium ion
batteries
.

LOGISTICS MANAGEMENT:
Reducing GHG emissions by
decreasing freight fuel usage,
improving freight utilization,

Iron, steel,
aluminum and other non-ferrous
metals, rubber, lead acid battery

materials i
network redesign, alternative
- E‘l;:lwu:k&bxk scheme in * fuels and lubricants, use of

aerodynamics and eco-driver
training

GO GREEN DEALERSHIP
PROGRAM: Utility, energy
E«K:IG\C)' improvements

Reduction of CO, emissions:
- Lightweight materials and design

- Design for longevity

- E10, E8S flex-fuel vehicles . * REMANUFACTURE

= Hybrid and plug-in EVs Transmissions, engines, alternators,
- Battery EVs clutches

H

&
&
of

EV: 40 hybrid and fully

[ ] [ ] L ] [ ] CEV * '
Laura Aguilar Akshat Kasliwal Michael Kinzler e 8 -
Reduced resource-intensity initiatives + )

@ L/
including Ford Smart Mobility, Spin %Q
Esteva L o
"actury

VOC: Volatile Organic Compounds; EOL: End of Life; ICEV: Internal Combustion Engine Vehicle: EV: Electric Viehicle: ELV: End of Life Vehicles

RECYCLING DURING
SERVICING: Reuse and reprocess
the parts removed during senvicing
(Core Recovery Program)

Source: Center for bl Uni ity of Michi 2018.
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Recognition of and response to energy poverty in

Th esis: Th e the United States

Dominic J. Bednar® * and Tony G. Reames ™

A household is energy poor when they cannot meet energy needs. Despite its prevalence, the US has not formally recognized

@
energy poverty as a problem distinct from general poverty at the federal level, which limits effective responses. In this Review,
we examine the measurement and evaluative metrics used by the two federally-funded energy programs focused on reducing
high energy bills to understand how program eligibility requirements and congressional funding appropriations have shaped

the national understanding and implementation of energy poverty assistance. We find that current measurement and evalua-
tive metrics hinge on the distribution of government resources and the number of vulnerable households assisted, rather than
improving household well-being and reducing overall energy poverty. We suggest that comparisons to formal food insecurity
and fuel poverty recognition and national responses in the US and UK, respectively, can help inform the development of more

E ne rg y an d el ey medy el e
Justice

DominiC Bed nar Energy Burden (%)

« SS track ‘16 =§zszz

_ . . | ]1.10-1.40

 Exploring Spatial, Racial and I 1.40-1.80

I 180-593

Socioeconomic Patterns of Residential

Heating Affordability, Consumption & N
Efficiency in Wayne County, Michigan A

0 25 5 10 15 20
N S e Viles Data Source: RECS, 2009, US Census, American Community Survey



OEAD Awpstsmmasiry ™
Life Cycle
Comparison of
Manual and
Machine
Dishwashin g

Gabriela Porras
e SStrack 19

 Exploring Spatial, Racial and
Socioeconomic Patterns of Residential
Heating Affordability, Consumption &

Efficiency in Wayne County, Michigan

T -3

MACHINE

Typical behaviors:
Most users typically pre-rinse dishes and select “normal cycle.”

WATER COe COST USER’S TIME

2

®®

1,630 GAL PER YEAR 209 KG PER YEAR $2,600 PER 10 YEARS 5 MIN/LOAD

LOW-EMISSION TIPS

Scrape, but don't rinse.
Run a full load.
Select “normal” cycle.
De-select heated dry.

setting will reduce water use and greenhouse
gas emissions.

Avoiding pre-rinsing and de-selecting the “heated dry" 1

LETTER *« OPEN ACCESS

MANUAL

Most people run the tap while washing and/or rinsing, a
few fill the sink with water, many use both.

WATER COze COST USER'S TIME

LOW-EMISSION TIPS

Use one basin for suds, and one for cool rinse.
Avoid washing and rinsing under a running tap.

Skip the towel, better to air-dry instead.

Switching from the running tap to the two-basin
method reduces greenhouse gas emissions by
about two-thirds.

A guide to household manual and machine dishwashing
through a life cycle perspective

Gabriela Y Porras?t, Gregory A Keoleian?t

. Geoffrey M Lewis* (2} and Nagapooja Seeba?

Published 12 February 2020 « © 2020 The Author(s). Published by IOP Publishing Ltd
Environmental Research Communications, Volume 2, Number 2
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Alumni Impact

[i|vt =l All Sectors
v.\ [igugigupipiyeye Shal . 1h _~'

o Sl UL OUGG

» Michelle Farhatt, ‘11, Arc Engineer, PJM Interconnection

* Elizabeth Terry, ‘03,?Program Manager, National Grid?

» Devon Douglas, ‘09,?Director of Sustainability, Etsy

= o » Shoshanna Lenski, “11,?Director of Strategy & Planning at DTE Energy

| | « Patti Liao, "11?Senior Manager, Recurrent Energy

« Adithya Dahagama, “16?Program Manager, Energy & Infrastructure Strategy

» Rob Frederick, ‘00,?VP and Director, Corporate Responsibility

« Amanda Farthing, ‘21, Research Engineer Il, National Renewable Energy Laboratory

» Michael London, ‘20?Product Manager, 3D Printing - Metals at HP
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*Dual degree students pursued degrees in multiple schools

2022 Salaries
By Sector By Specialization

Specialization % of reported Count Average Median Range

Dual Degree* 35.5% 27 $131,016 $125,000 $75,000 - $175,000
Behavior, Education & Communication 24.0% 18 $98,333 $83,500 $40,000 - $175,000
Environmental Policy & Planning 21.3% 16 $111,195 $90,000 $57,000 - $175,000
Ecosystem Science & Management 21.3% 16 $65,187 $58,500  $35,000 - $135,000
Environmental Justice 17.3% 14 $62,715 $54,000 $40,000 - $94,000
Sustainable Systems 17.3% 13 $114,502  $120,000 $70,000 - $175,000
Geospatial Data Sciences 9.3% 7 $54 229 $55,000 $32,000 - $82,601
Landscape Architecture 8.0% 6 $63900 $62,200  $55,000 - $72,000
PhD 5.3% 4 $61,250 $57,500 $50,000 - $80,000
Sustainability and Development 4.0% 3 $64,000 $65000 $49,000 - $78,000
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Opportunities

f o | 78S

nter for

Forums and Lectures Conferences

 Nearly all of the research * Lectures are being « SEAS Student Government « COP Conferences yearly
conducted involves the announced weekly, but « Consortium on Agriculture, » Group of students
participation of students several are recurring Food, and the Environment attended and presented
« Research Assistantships, « Annual Wege Lecture - BLUEIab on observations from the
hourly employment « Monthly Lectures « Ross Net Impact Global Climate
(including work-study) O (CSS Research Forums « Energy Club @ Ross Conference in Paris.
and volunteer positions © SS Forums  Student Sustainability
« Opportunity to publish © Erb Colloquium Brown Initiative (SSI)

research results Bag  Michigan Backpacking Club


https://maizepages.umich.edu/organization/SNREStudGov
https://maizepages.umich.edu/organization/CAFE
https://maizepages.umich.edu/organization/CAFE
http://bluelab.engin.umich.edu/
https://michiganross.umich.edu/clubs/net-impact-ross
http://ross.campusgroups.com/energy/home/
http://sustainability.umich.edu/ssi
http://sustainability.umich.edu/ssi
http://umich.edu/~umbc/

el T

CSS Sustainability Factsheets

* Get the facts! 1763 facts and 838 citations and 135 graphics

» 28 Factsheets - Updated annually
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Supportive Community

Largest living alumni body of any university

M(72600+ ®33% @Aumm

TOTAL ALUMNI, THE LARGEST OF SEAS ALUMNI ARE REPRESENTED IN ALL
GRADUATE POPULATION OF ANY HAVE RECEIVED A o0 STATES AND 80+
ENVIRONMENTAL DEGREE DUAL DEGREE FROM COUNTRIES
PROGRAM ANOTHER ONE OF U-
M'S NATIONALLY
RANKED TOP 10

PROGRAMS
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Funding

- Financial Aid website to gain knowledge about internal and external resources to inform you as you develop your plan to finance your graduate

degree. These resources include, but are not limited to:

- Federal and university financial aid: This aid takes into account financial need, and the funding sources include grants, loans, and student

employment. A completed FAFSA is required.
- SEAS funding: These competitive merit scholarships are awarded by the school, generally at the time of admission.

- Graduate Student Appointments student employment: These limited and competitive positions—Graduate Student Instructor (GSI), Graduate

Student Research Assistant (GSRA), and Graduate Student Staff Assistant (GRSA)—often include a full-tuition waiver, health and dental benefits, and
a monthly stipend.

- External funding: Fastweb, Pivot, and SPIN are three popular clearinghouses for student-centered grants offered by independent organizations.

- Rackham funding (scholarships, fellowships, travel): Similar to SEAS funding, these selective grants are offered by the Rackham Graduate School.

- Student Hourly Employment: This includes 1) hourly part-time work; 2) work study, which is partially funded by the federal government. To qualify,
students must have a work study allocation as part of their funding package. International students are not eligible. Check with SEAS faculty
regarding hourly employment.

- SEAS Funding Database: Better understand the specific funding opportunities that are available.



https://seas.umich.edu/student-services/financial-aid
https://finaid.umich.edu/direct-loans/
https://seas.umich.edu/student-services/financial-aid/funding?keys=&due_date%5Bmin%5D=&due_date%5Bmax%5D=&funding_source%5BSEAS%5D=SEAS
https://careers.umich.edu/graduate_student/
https://seas.umich.edu/student-services/financial-aid/external-funding-sources
https://rackham.umich.edu/funding/
https://studentemployment.umich.edu/Cmx_Content.aspx?cpId=6
https://seas.umich.edu/student-services/financial-aid/funding

Enroliment
deadline

April 15
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