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ME 320 Modification – Changing Prerequisites from: ME 235 and ME 240 to: Math 215, 
  ME 235, and ME 240 
ME 450 Modification – Changing Prerequisites from: ME 350, ME 360 and 
  ME 395 (advised) to:  ME 350, ME 360 and ME 395 (enforced); Changing 

Credit Restrictions from: Recommend ME 495 not be elected concurrently.  Not 
open to graduate students. to: May not be taken concurrently with ME495.  Not 
open to graduate students. 

ME 495 Modification – Changing Prerequisites from: ME360, ME395; preceded or 
accompanied by ME350 to: ME360, ME395, P/A ME335 and ME350; 

 Changing Credit Restrictions from: Recommend ME450 not be elected 
concurrently.  Not open to graduate students. to: May not elect ME450 
concurrently.  Not open to graduate students. 
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To: Homer C. Rose 

Assistant Dean 
Horace H. Rackham School of Graduate Studies 

 
From: Gregory A. Keoleian 
 Associate Professor 
 School of Natural Resources and Environment 
 
 Steven J. Skerlos 
 Associate Professor 
 Mechanical Engineering 
 
Re: Dual MS/MSE program in Engineering Sustainable Systems between CoE and SNRE 
 
Date: February 22, 2007 
 
We are pleased to submit our proposal to establish a new dual degree MS program in 
Engineering Sustainable Systems between the College of Engineering and the School of 
Natural Resources and Environment.  The proposal has been approved by faculty in 
participating departments of CoE including Chemical Engineering, Civil and 
Environmental Engineering, and Mechanical Engineering and the faculty of the School of 
Natural Resources and Environment.  The CoE Curriculum Committee will be reviewing 
the proposed program on March 6 and we will share with you the results of that meeting. 
 
The proposal appendices include letters of support from Dean Bierbaum and Dean 
Munson and members of the External Advisory Board of the Center for Sustainable 
Systems.  We have also investigated your question regarding the difference between the 
MS and MSE in Engineering. Most departments grant MSE degrees and some offer an M 
Engineering (non-Rackham). One exception is the Electrical Engineering and Computer 
Science department which state in their degree program guidelines:  “The M.S.E. and 
M.S. degree programs are identical except for admission requirements. Students desiring 
admission to the M.S.E. program must have an earned bachelor's degree in computer 
engineering.”  In addition, the CoE bulletin makes no distinction between the two degrees. 
 
We look forward to your feedback on this proposal as well as feedback from the 
Rackham Executive Committee. Please let us know if you have any questions regarding 
the proposed Engineering Sustainable Systems dual degree program. 
 
CC:  Dean Rosina Bierbaum, SNRE 
 Dean David Munson, CoE 
 Associate Dean James Diana, SNRE 
 Associate Dean Stella Pang, CoE 
 Other Program Faculty Coordinators: 
 Prof. Jonathan Bulkley, SNRE/CoE(CEE) 
 Prof. Levi Thompson, CoE(ChE) 
 Prof. Wiley, SNRE 
 Prof. Wright, CoE(CEE) 
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1.0 Program Overview 
 
Faculty from the College of Engineering (CoE) and the School of Natural Resources and the 
Environment (SNRE) propose the establishment of a dual master’s degree program to train graduate 
students who will create engineered systems that are socially, environmentally, and economically 
sustainable.  The Engineering Sustainable Systems (ESS) Program described in this proposal brings 
curricula and faculty together from CoE and SNRE and organizes them within a structure that builds 
upon core educational elements of individual CoE departments (e.g., Mechanical Engineering, 
Chemical Engineering, Civil and Environmental Engineering) and SNRE fields of study (e.g., 
Sustainable Systems, Aquatic Sciences).    
 
Figure 1 illustrates the overall structure.  The ESS Program will be initially launched with three 
specializations: Sustainable Design and Manufacturing (Mechanical Engineering + Sustainable 
Systems), Sustainable Energy Systems (Chemical Engineering + Sustainable Systems) and Sustainable 
Water Resources (Civil and Environmental Engineering + Aquatic Sciences).  Given the modular 
structure of the ESS program, many opportunities exist for program growth through the addition of 
specializations such as sustainable materials systems (Materials Science and Engineering/Chemical 
Engineering/Mechanical Engineering + Sustainable Systems) and sustainable infrastructure systems 
(Civil and Environmental Engineering and Sustainable Systems).  
 

College of 
Engineering

(CoE)

School of Natural Resources
and Environment

(SNRE)

CEE
(Environ) MEChE SS AS OtherOther

Sustainable Design
& Manufacturing 

Systems

Sustainable Energy 
Systems

Sustainable Water
Resources

Future Dual Degree
Options

Unit

Program
or Field
of Study

Specialization

Engineering Sustainable
Systems Program

Acronyms
CEE – Department of Civil & Environmental Engineering (CoE)
ChE – Department of Chemical Engineering (CoE)
ME – Department of Mechanical Engineering (CoE)
SS – Sustainable Systems Area of Study (SNRE)
AS – Aquatic Sciences: Research and Management Area of Study (SNRE)  

 
Figure 1.1  The Engineering Sustainable Systems (ESS) Program Structure 

 
 

76



 

 3

The M.S. in Engineering degree has a 30 credit hour requirement while the M.S. in NRE degree 
requires 42 credit hours for completion.  CoE M.S. in Engineering students typically can earn a 
master’s degree in 1 to 1.5 years whereas NRE M.S. students take 2 years.  Standard Rackham 
guidelines for double counting allow up to 1/6 of combined credits for each degree. Therefore, 72 (30 
+ 42) total credits yields 12 (72 ÷ 6) double counted credits with a total credit hour requirement of 60 
credits (72 -12).  Dual degree students would be expected to complete all M.S. in NRE and M.S. in 
engineering requirements in six semesters (on average 10 credits per semester).  However, expecting 
master’s degree engineering students to commit to an additional 1.5 – 2 years to complete master’s 
dual degree requirements is unrealistic.  Engineering faculty, including the Dean of Engineering, have 
indicated that double counting of additional credits is essential for the success of the ESS Program. 
 
Therefore, we are proposing a 54 credit program in accordance with a modified double counting 
formula (subject to Rackham approval) allowing up to 1/4 of combined credits for each degree.  In this 
case, 72 (30 + 43) total credits yields 18 (72 ÷ 4) double counted credits with a total credit hour 
requirement of 54 credits (72 -18).  This will allow most students to complete all credit requirements 
for the dual degree in 2 – 2.5 years.   
 
In addition to reducing the need for students to enroll in spring/summer courses, the reduction of 
required hours from 60 to 54 is rooted in the common overlap between SNRE and CoE science-based 
and analytics-based curricula.  Currently, three courses are cross-listed between SNRE and CoE.  With 
the implementation of the ESS Program, we expect to see this number increase.  Additionally, 11 other 
CoE courses which are not currently cross-listed can fulfill SNRE degree requirements in either the 
Aqutic Sciences or Sustainable Systems (SNRE) fields of study.  In total, this accounts for 42 credit 
hours offered between SNRE and CoE which are potentially part of the current degree requirements 
for a student in either SNRE or CoE .  Allowing ESS Program students to take full advantage of this 
unique cross-disciplinary atmosphere by double counting one quarter of required credits increases 
student attraction to the program while not reducing the quality of education.   
 
Since incoming ESS students are required to have an accredited undergraduate engineering degree 
prior to acceptance into the program, the opportunity to double count one quarter of earned credits will 
not dilute the strong analytics and scientific skills expected from master’s graduates of the University 
of Michigan College of Engineering or School of Natural Resources and Environment.  Increased 
double counting allows for official double recognition of work currently recognized for degree credit 
individually by both the College of Engineering and the School of Natural Resources and 
Environment. 
 
The ESS program brings together nationally recognized programs in CoE and SNRE: 
 
College of Engineering: The College of Engineering at the University of Michigan is consistently 
ranked among the top engineering schools in the world. All of its undergraduate degree programs and 
nearly all of its graduate degree programs are top-ranked nationwide. Approximately 1,000 bachelor's 
degrees and 1,100 master's and doctoral degrees are awarded annually. These students may select from 
more than 1,000 engineering courses offered at UM.  The College of Engineering strives to provide a 
continuously improving educational and research environment that educates students to lead, to have 
impact, and to make contributions to their professions, industry, government, academia and society.  
 
School of Natural Resources and Environment: The study of natural resources and environmental 
problems has been part of the University for over 100 years.  In 1950 UM formally established the 
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School of Natural Resources, the first school of its kind in the world, with an overarching objective to 
contribute to the protection of the earth's resources and the achievement of a sustainable society.  
SNRE is a focal point for interdisciplinary research and education on sustainability.  There are 18 joint 
faculty appointments between SNRE and seven other Schools and Colleges.  Through research, 
teaching, and outreach, NRE's faculty, staff, and students are devoted to generating knowledge and 
developing policies, techniques and skills to help practitioners manage and conserve natural and 
environmental resources to meet the full range of human needs on a sustainable basis. 
 
1.1 Provisions for Expanding the ESS Dual Degree Program 
 
As outlined in Figure 1.1, additional future academic partners within the College of Engineering and 
School of Natural Resources and Environment are expected to be included to create additional ESS 
specializations over time based on proven success of the overall ESS program and a demonstrated 
interest on behalf of faculty and students for new specializations.  As mentioned previously, such 
future specializations may be sustainable materials systems (Materials Science and 
Engineering/Chemical Engineering/Mechanical Engineering + Sustainable Systems) and sustainable 
infrastructure systems (Civil and Environmental Engineering and Sustainable Systems). 
 
The process for establishing new specializations in the ESS program is defined as a 5 step process. 
 

1. Assess general undergraduate student interest for the proposed dual-degree specialization. 
2. Assemble core faculty members in the proposed specialization department(s). 
3. Approval from the Department Chair or Program Chair. 
4. Approval from each Academic Unit Dean (College of Engineering and School of Natural 

Resources and Environment). 
5. Approval from the Dean of the Rackham School of Graduate Studies. 

 
 
2.0 Need and Competitive Advantage 
 
Global climate change, energy security, ecological degradation, environmental threats to human 
health, and resource scarcity are critical sustainability challenges for the 21st century.  Technology can 
be both the cause of and the solution to many of these problems.  The success of sustainable 
technologies is based upon their ability to meet societal needs within the context of economic and 
ecological constraints.  The design and application of new technologies - a focal point of CoE - plays a 
key role in addressing these complex challenges through research and education in engineering design 
and the applied sciences.  SNRE serves to provide a comprehensive understanding of technology 
limitations, opportunities, and consequences, systems thinking and ecological principles, and the 
mechanisms which bring about social change.  This is accomplished through research and education in 
sustainability sciences, policy, and ecology.  Both elements provided by CoE and SNRE are necessary 
to develop technology based solutions to the complex sustainability challenges of the 21st Century.  
The synthesis of CoE and SNRE curricula towards addressing contemporary sustainability challenges 
is shown in Figure 2. 
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Figure 2.1 Engineering Sustainable Systems (ESS) Dual Degree Curriculum Synthesis 
 

As outlined in the College of Engineering’s 2006 Annual Bulletin, engineers seek to advance society 
through the processes of invention, design, manufacture and construction. While performing these 
activities and increasing the standard of living, significant water, air, and land pollution consequences 
have resulted from power stations, automotive highways and transportation, coastal developments, 
chemical and semiconductor manufacturing facilities, etc.  For the whole world to utilize technology at 
the rate of the United States, it would require quadrupling our annual global productivity.  As an 
academic program to address these issues, the ESS program will equip engineers with the knowledge 
to understand ecological impacts of engineering design decisions and will provide engineers with tools 
that achieve sustainable design.  This set of knowledge and tools will be provided through an 
integrated and focused curriculum in technology development (CoE) and sustainability science 
(SNRE). 
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3.0 Program Objectives 
 
The specific objectives which have been identified for the proposed program are as follows: 
 

1. Provide graduate engineers with a comprehensive understanding of major sustainability 
challenges facing society in the 21st century, including global climate change, energy scarcity, 
ecological degradation, environmental threats to human health, and resource scarcity.   

- Students will achieve scientific literacy related to air, water, and land pollution as well 
as ecological systems, energy systems, and important regional/global cycles (e.g., 
material, nutrient, carbon, and hydrologic). 

2. Educate students in the engineering design approaches for products, processes, and services 
that facilitate the sustainable application of technology.   

- Examples of sustainable design approaches include life cycle minimization of carbon 
intensity, remanufacturing, use of renewable materials, dematerialization, etc.  

- To be successful, these approaches must be compatible with market and public policy 
constraints while also encouraging patterns of sustainable consumption.    

3. Provide students with the scientific knowledge and methods required to evaluate the 
sustainability of engineered systems. 

- Examples of necessary scientific knowledge include formation and transport of 
pollutants in air, water, and on land, impact of pollutants on humans, ecosystems, and 
infrastructure, and the evaluation of resource scarcity. 

- Examples of evaluation methods include life cycle modeling, energy analysis, 
integrated assessment, ecosystem modeling, GIS, materials flows analysis, and 
economic analysis.   

4. Provide students with successful examples of sustainable technology design and offer students 
opportunities to practice sustainable design. 

- Successful examples of sustainable technologies currently in practice include renewable 
energy technologies, biorefineries, development of water-free and petroleum-free 
manufacturing facilities, advanced bio-based composites, etc. 

- Core classes in the ESS program, along with independent study and research 
opportunities, will offer students the opportunities to conduct and learn from sustainable 
design projects.   

 
 
4.0 Related Programs 
 
4.1 Programs at the University of Michigan 
 
Engineers typically lack knowledge of scientific sustainability concepts and principles due to capacity 
constraints of the engineering curricula at both the graduate and undergraduate levels.  This is not 
unique to UM and is true for most universities in the US.  ConsEnSus, a master’s concentration in 
environmental sustainability currently offered within CoE, begins to address this need through twelve 
(12) credit hours of coursework within the thirty (30) credit hour M.S. in Engineering degree.  Similar 
to ConsEnSus, the Rackham Graduate Certificate Program in Industrial Ecology is a fifteen (15) credit 
hour curriculum specifically directed at engineering and NRE graduate students interested in 
sustainable engineering concepts.  While these programs have the advantage of not increasing the 
amount of time a graduate student spends earning his or her master’s degree, they have inherent trade-
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offs of breadth vs. depth.  For instance, a ConsEnSus student in Mechanical Engineering has no 
freedom to take engineering courses outside the required curriculum, and generally cannot structure his 
or her experience around central themes such as manufacturing, automotive design, energy conversion, 
or materials development.  The Engineering Sustainable Systems program is being proposed to provide 
greater breadth and depth of academic training for graduate engineering students in sustainability 
sciences, policy, and ecological design through completion of both an M.S. in Engineering and an M.S. 
in Natural Resources and Environment.  ESS students will structure their experience around a 
sustainability challenge (e.g., sustainable energy systems) and fully embed themselves within the 
culture of CoE and SNRE rather than remaining within one culture or the other. 
 
4.2 Programs at Other Institutions 
 
The proposed program is unique among peer institutions both for its mission and for its foundation in 
engineering (CoE) and sustainability (SNRE).  Other programs that address technology and 
sustainability issues have been established at Carnegie Mellon University and the University of 
Maryland.  However, these dual programs exist between engineering and public policy rather than 
between engineering and NRE.  They lack the extensive training in sustainability sciences that we can 
and propose to offer at the University of Michigan.  Other peer institutions with strong environmental 
sciences programs (e.g., Yale University and Duke University) do not currently offer dual degrees with 
engineering and do not focus on specific sustainability challenges of engineering technology. 
 
 
5.0 Employment Opportunities 
 
The proposed ESS dual master’s degree program between CoE and SNRE is designed for students who 
seek employment in the private, public or non-profit sector.  Private sector employment opportunities 
include activities within environmental health and safety, product design, and process engineering.  
Positions within engineering consulting firms, research and development labs, and entrepreneurial 
startups will also be available for ESS Graduates.  One example of targeted corporate opportunities for 
ESS Graduates is the General Electric Ecoimagination Program (http://ge.ecoimagination.com).   
 
Within the public sector, potential career opportunities include government agencies and laboratories 
such as the National Renewable Energy Lab, US Environmental Protection Agency, US Department of 
Energy, state level Departments of Transportation, and state level Departments of Environmental 
Quality.  Numerous students that have informally structured their master’s experiences at UM in a 
manner roughly aligned with the ESS program are currently succeeding in these agencies already.  
Potential employers of ESS Graduates also include non-profit and non-governmental organizations 
(NGOs) such as Environmental Defense and the Union of Concern Scientists. 
 
Typical roles for ESS graduates in industry will include product and process environmental evaluation, 
corporate environmental strategic planning, research and development of sustainable technologies, 
design for the environment, pollution prevention, and ISO 14000 compliance. Multi-national 
companies that compete in the EU and Japan are especially interested in students with these skills due 
to legislation in these countries requiring strict chemical management, environmental evaluation, and 
producer responsibility for product recycling and remanufacturing. Industries hiring graduates with 
these skills include some of the largest in the world. 
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6.0 Participating Faculty 
 
The strength of the ESS Program lies in its outstanding faculty from across the University of Michigan 
with great expertise and commitment to the success of the program and its graduates.  Faculty 
members from both CoE and SNRE presently offer courses that will be key components of the 
proposed program.  Many faculty members in both CoE and SNRE hold dual appointments in 
departments across campus, leveraging additional departmental expertise.  Additionally, nine SNRE 
faculty members have engineering educational backgrounds ranging from bachelor’s to doctoral 
degrees. 
 
CoE and SNRE have identified a number of faculty members who have expressed commitment to the 
ESS program.  These faculty members are willing to serve on admissions committees, to mentor 
students, and to advise students on research projects when appropriate.  The collaboration fostered 
between faculty of CoE and SNRE is viewed as a benefit for all participants.  Additionally, students 
within the ESS program serve as a pool of highly capable potential doctoral students interested in 
interdisciplinary research between CoE and SNRE.  To date, SNRE and CoE faculty have collaborated 
on a number of large interdisciplinary research projects within which these students would be highly 
successful, including two current National Science Foundation biocomplexity grants on sustainable 
infrastructure (http://sitemaker.umich.edu/muses) and automotive greenhouse gas emission policy 
(http://sitemaker.umich.edu/autopolicydesign).  Faculty in SNRE and CoE are also currently 
collaborating on hydrogen and fuel cell curriculum development sponsored by NextEnergy. 
 
The following faculty members will be active participants in the proposed Engineering Sustainable 
Systems program: 
 
6.1 Invited College of Engineering Faculty 
 
6.1.1 Mechanical Engineering 
Professor Steven J. Skerlos - eco-design and manufacturing, environmental systems analysis, recycling 

and energy recovery technology systems, design for life cycle energy minimization 
Professor Panos Papalambros - design optimization, large-scale system synthesis, automotive systems 

design, including hybrid vehicles, eco-design, and product design 
Professor Arvind Atreya - combustion, heat and mass transfer, energy conservation, soot and NOx 

formation and oxidation in diffusion flames, flame spread, and diesel engine combustion 
Professor Dennis Assanis - thermal and fluid sciences in automotive design, internal combustion 

engine processes, friction in spark-ignition engines, and unburned hydrocarbon mechanisms 
 
6.1.2 Chemical Engineering 
Professor Levi Thompson – renewable energy systems, hydrogen production and conversion 

technologies, novel micro-cell fuels and micro-reactors, nanostructured catalysts and 
electrocatalysts 

Professor Phil Savage - sustainable chemical synthesis and energy production, reaction kinetics and 
mechanisms, applications in degradation of hazardous chemicals and green chemistry 

Professor Johannes Schwank - heterogeneous catalysis, thin films, and chemical sensors, surface 
structure of materials and their reactivity 

Professor Henry Wang - sustainable bioprocesses, manufacture of biofuels, specialty chemicals and 
pharmaceuticals, delivery systems for environmental restoration 
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Professor Walter Weber - principles, modeling, and design of process dynamics in sustainable 
environmental systems, with a principal focus on water resources. This includes engineered 
processes for development of new water sources, advanced technologies for water treatment and 
reclamation, and natural processes occurring in ground water, river, lake, and ocean systems. 

 
6.1.3 Civil and Environmental Engineering 
Professor Steven Wright - stability of contaminated fine-grained marine sediments, controls on total 

mixing from marine discharge of wastewater, physical processes associated with the rapid filling of 
stormwater conduits, and mitigation of impacts in Great Lakes harbors 

Professor Jeremy Semrau (dual appointment in SNRE) - molecular biology, biochemistry, and kinetics 
of enzymatic systems, biodegration of clorinated solvents, contaminant transport, bioavailability of 
metals in subsurface 

Professor Peter Adriaens (dual appointment in SNRE) - remediation design, microbial sensing, 
sustainable industrial practice, development of innovative technology platforms for cleanup of 
industrial process streams and natural systems, and microbial and chemical sensing and control 

Professor Aline Cotel - stream restoration and pollutants transport in geophysical environments. 
Particular emphasis is the application of optical techniques to the measurement of physical 
parameters in a variety of environments in both field and laboratory settings. 

 
6.2 Invited School of Natural Resources and Environment Faculty 
 
6.2.1 Sustainable Systems 
Professor Jonathan Bulkley (dual appointment in CEE)- development and application of quantitative 

and qualitative means to help policy makers and decision makers attain improved planning, 
evaluation, and management of natural resources, especially water resources to achieve 
sustainability, risk analysis, resource policy, and sustainable water resource systems 

Professor Gregory Keoleian - life cycle design and assessment, life cycle optimization, technology 
assessment of renewable energy, transportation and building sectors, sustainability metrics and indicators 

Research Investigator Duncan Callaway – renewable energy technologies, integration of renewable 
electricity resources into the electrical power grid, and building energy efficiency 

Professor Tom Princen - behavioral and institutional requirements for ecological and social 
sustainability, overconsumption, sufficiency, ecological economics, institutional design, 
transnational relations, business and environment, and water quantity 

Professor Gloria Helfand - pollution control instruments in various settings, distributional effects of 
environmental policies, issues relating to management of federally owned lands 

Professor Michael Moore - economics of environmental markets, federal water policy and water 
allocation conflicts between environmental and consumptive uses of river systems, economic 
aspects of biodiversity and species conservation 

 
6.2.2 Aquatic Sciences 
Professor David Allan - ecology of aquatic ecosystems, especially rivers; effects of land use on stream 

health, river restoration, watershed management. 
Professor Paul Webb – ecology and biology of fishes, hydrodynamics, predator-prey interactions, 

physiological ecology. 
Professor Ed Rutherford- estuarine ecology, salmonine biology, bioenergetic modeling, anadromous 

species management 
Professor Sara Adlerstein- biometrics, statistical modeling of fisheries, population and community 

interactions 
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Professor (adjunct) Kevin Werhley- fish ecology and management, thermal ecology, lake ecosystem 
management 

Professor Jim Breck- population and community modeling, lake ecosystem dynamics and management 
Professor Michael Wiley - ecological processes in aquatic systems, application of ecological 

knowledge to practical problems of resource management, trout stream food webs, modeling 
complex systems, and fisheries management 

Professor James Diana - behavioral ecology and production of natural populations, energy 
accumulation in natural populations or controlled aquaculture systems, conservation of natural 
resources 

Professor Donald Scavia - effects of land use choices on estuarine and Great Lakes nutrient over 
enrichment, ecological response models for the Gulf of Mexico, the Chesapeake Bay, and the Great 
Lakes, and human impacts to the nitrogen cycle 

Professor William Currie - ecosystem modeling, terrestrial ecology, biogeochemistry, ecosystem 
responses to environmental change related to energy production 

 
 
7.0 Admissions and Advising 
 
Applicants must satisfy the requirements for admission to each unit.  The admissions process to the 
dual master’s degree program will be overseen by the respective CoE Departmental Graduate Chair 
and the Director of the Office of Academic Programs at SNRE and takes the following course:   
 
1. Interested students should follow all necessary application requirements to apply to both CoE and 

SNRE.  This entails two separate applications with supporting documents to the Rackham 
Graduate School, one for each respective school (CoE and SNRE). 

 
2. The ESS admissions committee for each unit will evaluate the application as it would any other.  

Each committee will make its admission decision independent of the decision in the other unit. 
 
3. Students granted admission to both programs will have the option to move into the dual degree 

program. 
 
4.  Students currently enrolled in the first year of either program may also apply for admission to the 

dual degree program.  Admission is not open to students who have already completed either 
degree. 

 
5.  Faculty members from both CoE and SNRE will advise the student throughout his/her program of 

study and assure that an appropriate curriculum is selected in accordance with the ESS Program 
 
Due to the stringent entrance requirements of both participating academic units, it is expected that 
admission to the dual master’s degree program will be very selective.  It is expected that individuals 
applying to this program have an undergraduate engineering degree (B.S.E.).   The expected 
enrollment in the ESS program after its first 5 years of time is 25 students. 
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8.0 Program of Study 
 
The dual degree program leading to an M.S. in Engineering and M.S. in NRE offers an economical and 
comprehensive program that addresses growing conflicts between technology development and 
sustainability.  Normally, this combined program would require 30 credit hours from engineering and 
42 credit hours from NRE for a total of 72 credit hours.  The minimum number of credit hours for the 
dual master’s degree program is 54 credit hours (double counting 1/4 of total credit hours).  Thus 
students may complete the requirements for both degrees in four semesters.  The 54 credit hour 
minimum includes the core program of both units and electives.  Students will progress through the 
program with the advice of faculty advisors who will assure that the chose course meets the student’s 
particular goals and the core requirements of the dual degree. 
 
Faculty advisors of exceptional students in the ESS Program will encourage them to pursue an opus in 
SNRE or a research thesis in CoE.  Students who succeed in master’s level ESS research will be 
further encouraged to apply to the doctoral program in SNRE, CoE or both as a joint NRE/Engineering 
program.  Six students are already enrolled or have completed a joint doctoral program between Civil 
and Environmental Engineering and Natural Resources and Environment.  The first joint doctoral 
graduate from CoE/NRE is now a faculty member at Yale and has been employed at EPA.  This is one 
indication of the potential success of students who pursue doctoral research in the direction of the ESS 
program.  We aim through the ESS program to create a larger cohort of such students.   
 
The strength of the Engineering Sustainable Systems Program lies in its integration of two strong 
academic units, offering the students the opportunity to participate in a new community of 
collaborative scholars.  Through the course of the program, students may choose to take courses from 
other academic units to meet elective requirements.  These electives will be selected with the help of 
advising faculty to guarantee their relevance to the program. 
 
To complete the requirements for the CoE/SNRE dual degree program, students must fulfill 
requirements for their respective department in CoE (varies by department) and SNRE field of study 
(varies by field).  For illustration, the requirements which must be fulfilled for the specializations of 
Sustainable Design and Manufacturing (Mechanical Engineering (ME) + Sustainable Systems (SS)), 
Sustainable Energy Systems (Chemical Engineering (ChE) + Sustainable Systems (SS)), or 
Sustainable Water Resources (Civil and Environmental Engineering (CEE) + Aquatic Sciences (AS)) 
are provided: 
 
 
8.1 Specialization in Sustainable Design and Manufacturing 
 
For ME (CoE): 
 
Coursework Only Option: 

1.  Twelve (12) credit hours in ME courses at the 5xx or 6xx level  
2.  Six (6) credit hours in ME courses at the 4xx level or above  
3.  Six (6) credit hours in non-ME courses at the 4xx level or above in a related engineering area 
4.  Six (6) credit hours in mathematics or equivalent courses (from ME Acceptable Math list)  
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For SS (SNRE): 
 

1.  Fifteen (15) credit hours in Sustainable Systems Core 
A.  Six (6) credit hours in Systems Analysis for Sustainability 
B.  Nine (9) credit hours in Sustainable Design and Technology and Sustainable Enterprise  

1.  Minimum 3 credits in Sustainable Design and Technology 
2.  Minimum 3 credits in Sustainable Enterprise 

2.  Thirteen (13) credit hours in SNRE Core Requirements 
 A.  Ten (10) credit hours in core courses 

B.  Three (3) credit hours in analytics (from SNRE Acceptable Analytics list) 
3.  Six (6) credit hours in Opus Option Additional Coursework 
 A.  Three (3) credit hours of Sustainable Systems Core 
 B.  Three (3) credit hours of related coursework approved by advisor 
4.  Eight (8) credit hours in electives 
5.  Includes four (4) credit hours of cognates outside SNRE (satisfied by dual degree standing) 

 
The basic structure of the dual master’s degree program is as follows: 
 
ME (CoE) Program  SNRE Program  
500 level or higher ME Courses 
400 level or higher ME Courses 
Mathematics or equivalent 
400 level or higher non-ME Courses 

12 credits 
6 credits 
6 credits 
6 credits 

Sustainable Systems Core 
SNRE Core Requirements 
Opus Coursework Option 
Electives 

15 credits 
13 credits 
6 credits 
8 credits 

ME (CoE) 30 credits SNRE 42 credits 
 
Minimum required credit hours to complete program:  30 + 42 – 18 (double counting) = 54 credits 
 
The following is a SAMPLE PLAN and represents only a guide for prospective students enrolled in 
the ESS dual master’s degree program with specialization in Sustainable Design and Manufacturing 
(Mechanical Engineering + Sustainable Systems).  The specific plan toward degree will be different 
depending on the chosen specialization (i.e. Sustainable Energy Systems, Sustainable Water 
Resources, etc.) 

Coursework Only Option

Year 1 Year 2 Year 3
Fall Winter Spring Fall Winter Fall
ME 589 ME 599: MSM STAT 412 NRE 571 ME 587 ME 599: APD
NRE 574 ME 501 NRE 512 NRE 509 CEE 589 ME 577
ME 581 CEE 586 NRE 510 NRE 580 ME 563

NRE 735 NRE 507 OMS 742

Total Credits             9 10.5 5 10 9 10.5
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YEAR 1 
 
Fall Term (9 credit hours) 
 ME 589 - EcoDesign and Manufacturing (3) 
 NRE 574 - Sustainable Energy Systems (3) 
 ME 581 - Global Product Development (3) 
   
  
Winter Term (10.5 credit hours)  
 ME 599 - Management for Sustainable Manufacturing (3) 
 ME 501 - Analytical Methods in Mechanics (3) 
 CEE 586 - Industrial Ecology (3) 
 NRE 735 – Environmental Management Topics (1.5) 
 
Spring Term (5 credit hours) 
 STAT 412 - Introduction to Probability and Statistics (3) 
 NRE 512 – Ethics Corporate Management (2) 
 
YEAR 2 
 
Fall Term (10 credit hours) 
 NRE 571 - Environmental Economics (3) 
 NRE 509 - Ecology: Science of Context and Interaction (3) 
 NRE 510 - Environmental Governance, Choices, Institutions, and Outcomes (3) 
 NRE 507 - Laboratory in Social and Natural Science (1) 
  
Winter Term (9 credit hours)  
 ME 587 - Global Manufacturing Systems (3) 
 ME 589 - EcoDesign and Manufacturing (3) 
 NRE 580 - Integrated Problem Solving (3) 
 
YEAR 3 
 
Fall term (10.5 credit hours) 
 ME 599 - Analytical Product Design (3) 
 ME 577 – Materials in Manufacturing and Design (3) 
 ME 563 - Time Series Modeling, Analysis, Forecasting (3) 
 OMS 742 – Sustainable Manufacturing (1.5) 
 
8.2 Specialization in Sustainable Energy Systems 
 
For ChE (CoE): 
 

1. Twenty one (21) credit hours in ChE courses at 5xx or 6xx level or higher which must include 
A. ChE 595 – Research Survey 
B. ChE 527 – Fluid Flow 
C. ChE 528 – Reactor Analysis 
D. ChE 542 – Heat and Mass Transport 
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E. ChE 538 – Statistical Thermodynamics 
F. And one of the following – ChE 507/508/509/510/544 
G. May include up to six (6) credit hours of ChE 695- Research 
 

2. Four (4) to nine (9) credit hours of cognate graduate credits of relevant 2, 3, or 4 credit hour 
courses 

 
For SS (SNRE): 
 

1.  Fifteen (15) credit hours in Sustainable Systems Core 
A.  Six (6) credit hours in Systems Analysis for Sustainability 
B.  Nine (9) credit hours in Sustainable Design and Technology and Sustainable Enterprise  

1.  Minimum 3 credits in Sustainable Design and Technology 
2.  Minimum 3 credits in Sustainable Enterprise 

2.  Thirteen (13) credit hours in SNRE Core Requirements 
 A.  Ten (10) credit hours in core courses 

B.  Three (3) credit hours in analytics (from SNRE Acceptable Analytics list) 
3.  Six (6) credit hours in Opus Option Additional Coursework 
 A.  Three (3) credit hours of Sustainable Systems Core 
 B.  Three (3) credit hours of related coursework approved by advisor 
4.  Eight (8) credit hours in electives 
5.  Includes four (4) credit hours of cognates outside SNRE (satisfied by dual degree standing) 

 
The basic structure of the dual master’s degree program is as follows: 
 
ChE (CoE) Program  SNRE Program  
500 level or higher ChE Courses 
400 level or higher Cognate Courses 

21+ credits 
4-9 credits 

 

Sustainable Systems Core 
SNRE Core Requirements 
Opus Coursework Option 
Electives 

15 credits 
13 credits 
6 credits 
8 credits 

ChE (CoE) 30 credits SNRE 42 credits 
 
Minimum required credit hours to complete program:  30 + 42 – 18 (double counting) = 54 credits 
 
The following is a SAMPLE PLAN and represents only a guide for prospective students enrolled in 
the ESS dual master’s degree program with specialization in Sustainable Energy Systems (Chemical 
Engineering + Sustainable Systems).  The specific plan toward degree will be different depending on 
the chosen specialization (i.e. Sustainable Design and Manufacturing, Sustainable Water Resources, 
etc.) 

Coursework Only Option

Year 1 Year 2 Year 3
Fall Winter Spring Fall Winter Fall
ChE 528 ChE 538 STAT 412 ChE 50x/554 NRE 527 NRE 5xx (SS Core)
ChE 542 NRE 557 NRE 600 NRE 507 NRE 580 ChE 5xx
ChE 595 NRE 550 NRE 509 Elective 1 CR + ChE 527
NRE 574 NRE 510 ChE 686

Total Credits            10 9 6 10 10 9  
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 YEAR 1 
 
Fall Term (10 credit hours) 
 ChE 528 – Reactor Analysis (3) 
 ChE 542 – Heat and Mass Transport (3) 
 ChE 595 – Research Survey (1) 
 NRE 574 – Sustainable Energy Systems (3) 
  
Winter Term (9 credit hours)  
 ChE 538 – Statistical Thermodynamics (3) 
 NRE 557 – Industrial Ecology (3) 
 NRE 550 – Systems Thinking for Sustainable Development and Enterprise (3) 
 
Spring Term (6 credit hours) 
 STAT 412 – Introduction to Probability and Statistics (3) 
 NRE 600 - Directed Research and Special Problems (3) 
 
YEAR 2 
 
Fall Term (10 credit hours) 
 ChE 50x/554 – Math/Modeling/Thermodynamics Electives (3) 
 NRE 507 – Laboratory in Social and Natural Science (1) 
 NRE 509 – Ecology: Science of Context and Interaction (3) 
 NRE 510 – Environmental Governance, Choices, Institutions, and Outcomes (3) 
 
Winter Term (10 credit hours) 
 ChE 686 – Case Studies in Sustainable Engineering (3) 
 NRE 580 – Integrated Problem Solving (3) 
 NRE 527 – Social Institutions for Energy Production (3) 
 Free Elective – (1+) 
 
YEAR 3 
 
Fall Term (9 credit hours) 
 NRE 5xx – Sustainable Systems Core (3) 
 ChE 5xx – 500-level Chemical Engineering Elective (3) 
 ChE 527 – Fluid Flow (3) 
 
8.3 Specialization in Sustainable Water Resources 
 
For CEE (CoE): 
 

1. Twenty four (24) credit hours in CEE courses (no more than twelve (12) credit hours at 4xx level): 
A. A minimum of fifteen (15) credit hours must be CEE courses 
B. A minimum of nine (9) credit hours must be Environmental and Water Resources 

Engineering related electives 
C. Up to six (6) of these credits may come from Directed Study (CEE 622,682,921,980) 
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2. Six hours of cognate (non-CEE) courses 
  A. Three (3) credit hours in mathematics, probably, statistics, or mathematical programming 
  B. Three (3) credit hours of non-CEE related engineering courses 

 
For AS (SNRE): 
 

1.  Fourteen (14) credit hours from Aquatic Sciences field of study courses 
2.  Ten (10) credit hours in SNRE Core Requirements 
3.  Eight (8) credit hours in analytics (from SNRE Acceptable Analytics list) 
4.  Six (6) credit hours in AS approved Opus Option Additional Coursework 
5.  Includes four (4) credit hours of cognates outside SNRE (satisfied by dual degree standing) 

 
The basic structure of the dual master’s degree program is as follows: 
 
ChE (CoE) Program  SNRE Program  
CEE courses 
400 level or higher Cognate Courses 

24 credits 
6 credits 

 

Aquatic Sciences Requirements 
SNRE Core Requirements 
Analytics Requirement 
Opus Coursework Option 
Field of Study Requirements and 
Cognates 

14 credits 
10 credits 
8 credits 
6 credits 

 
4 credits 

ChE (CoE) 30 credits SNRE 42 credits 
 
Minimum required credit hours to complete program:  30 + 42 – 18 (double counting) = 54 credits 
 
The following is a SAMPLE PLAN and represents only a guide for prospective students enrolled in 
the ESS dual master’s degree program with specialization in Sustainable Water Resources (Civil and 
Environmental Engineering + Aquatic Sciences).  The specific plan toward degree will be different 
depending on the chosen specialization (i.e. Sustainable Design and Manufacturing, Sustainable 
Energy Systems, etc.)  

Coursework Only Option

Year 1 Year 2 Year 3
Fall Winter Spring Fall Winter Fall
NRE 509 NRE 580 NRE 700/701 NRE 508 CEE 590 STAT 412
NRE 510 NRE 520 NRE 601 CEE 522 NRE 538 CEE 587
NRE 507 NRE 409 NRE 511 GEOSCI 477 CEE 527
CEE 521 NRE 539

Total Credits       10 10 8 10 10 9  
 
YEAR 1 
 
Fall Term (10 credit hours) 
 NRE 509 – Ecology: Science of Context and Interaction (3) 
 NRE 510 – Environmental Governance, Choices, Institutions, and Outcomes (3) 
 NRE 507 – Laboratory in Social and Natural Science (1) 
 CEE 521 – Flow in Open Channels (3) 
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Winter Term (10 credit hours)  
 NRE 580 – Integrated Problem Solving (3) 
 CEE 520 – Deterministic and Stochastic Models in Hydrology (3) 
 NRE 409–Ecology of Fishes (4) 
 
Spring/Summer Term (8 credit hours) 
 Thesis Research or Group Project Research (6) and/ or approved course work (2-8) 
 
YEAR 2 
 
Fall Term (10 credit hours) 
 NRE 508 – Wetland Ecology (3) 
 CEE 522 – Sediment Transport (3) 
 NRE 511 – Fluvial Ecosystems (4) 
  
Winter Term (10 credit hours) 
 CEE 590 – Stream Lake and Estuary Analysis (3) 
 NRE 538 – Linear Statistical Models (3) 
 GEOSCI 477 – Hydrogeology (3) 
 NRE 539 – Seminar (1) 
 
YEAR 3 
 
Fall Term (9 Credits) 
 CEE/NRE 587 – Water Policy (3) 
 STAT 412 – Introduction to Probability and Statistics (3) 
 CEE 527 – Coastal Hydraulics (3) 
 
 
9.0 Financial Aid   
 
The Center for Sustainable Systems provides fellowships from DaimlerChrysler Corporation and Ford 
Motor Company for dual degree and joint degree graduate students between SNRE (Sustainable 
System Field of Study) and CoE.  These fellowships will be extended to ESS students (they are on the 
order of $5 - $10k) and provide one indication of the relevance of the proposed ESS program to 
industry.  ESS students will also be encouraged to apply for Graduate Student Instructor (GSI) 
positions in departments where positions are available.  However, ESS students working as a GSI will 
likely have to take a reduced course load thereby lengthening the program. 
 
In presenting the ESS concept to industry and government stakeholders, we have received strong 
encouragement leading to the development of the ESS program as proposed here.  We are convinced 
that the ESS program can serve as a major development opportunity for UM by leveraging initiatives 
such as the Graham Environmental Sustainability Institute and the Michigan Memorial Phoenix 
Energy Institute. 
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10.0 Conclusion 
 
The ESS dual master’s degree program between CoE and SNRE will expand the University of 
Michigan’s capabilities in the education of a new generation of engineers prepared to solve critical 
sustainability challenges.  Affiliated ESS faculty are leaders in prominent UM sustainability 
programs such the Center for Sustainable Systems (CSS), the Hydrogen Technology Laboratory, 
the Environmental and Sustainable Technologies Laboratory (EAST), Michigan Sea Grant, the 
Cooperative Institute of Limnology and Ecosystems Research (CILER), the Institute for Fisheries 
Research (IFR), the Automotive Research Center, and the Transportation Energy Center.  Due to 
the large number of faculty committed to supporting this program, the interest of corporate and 
government stakeholders, and the existing set of graduate students already enrolled in joint degrees 
between CoE and SNRE, we anticipate that an outstanding group of graduate students will be 
enthusiastic about enrolling in the Engineering Sustainable Systems program. 
 
Both Deans of SNRE and CoE fully support the ESS program and are committed to its success.  The 
creation of this dual degree program aligns with primary goals of the University as outlined by former 
Provost Edward M. Gramlich: 

“Perhaps the most important challenge facing our society today is to sustain our natural resources and 
environment. The problems of environmental sustainability are complex and multi-faceted and often can be 
solved only through the combined efforts of experts in many fields. That is why leading research universities like 
the University of Michigan, with its range of programs that address these issues, are uniquely suited and have an 
obligation to engage environmental issues.” 
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