Educating Engineers in the Sustainable Futures Model with a Global Perspective

Author: Dr. James R. Mihelcic, Professor of Civil & Environmental Engineering, Co-Director,
Sustainable Futures Institute, Michigan Technological University

Co-authors: Kurtis G. Paterson, Linda D. Phillips, Qiong Jane Zhang, David W. Watkins, Brian
Barkdoll, Valerie J. Fuchs, David R. Hokanson*

Presenter: James R. Mihelcic
Title: Educating Engineers in the Sustainable Futures Model with a Global Perspective

Civil & Environmental Engineering

Sustainable Futures Institute

Michigan Technological University

Houghton, Michigan 49931

Telephone: 906-487-2324, Fax: 906-487-2943

Email: jm41@mtu.edu

More information: www.cee.mtu.edu/sustainable _engineering & www.sfi.mtu.edu

Abstract

The solutions to the world’s current and future problems require that engineers and scientists
design and construct ecologically and socially just systems within the carrying capacity of nature
without compromising future generations. In addition, as governments move toward policies
that promote an international marketplace, educators need to prepare students to succeed in the
global economy. Young people entering the workforce in the upcoming decades will also have
the opportunity to play a critical role in the eradication of poverty and hunger and facilitation of
sustainable development, appropriate technology, beneficial infrastructure, and promotion of
change that is environmentally and socially just.

Many universities espouse the idea that discipline integration is a prerequisite for successful
implementation of sustainability in education. However, few engineering curriculum have taken
the step to integrate concepts of sustainable development with an international experience. This
paper discusses the educational and global drivers for curricular change in this important area
and demonstrates how several undergraduate and graduate programs initiated at Michigan
Technological University can provide a more interdisciplinary basis for educating engineers on
global concepts of sustainability. To date these programs have taken place in 21 countries and
reached approximately 300 students (49% women) that represent 11 engineering disciplines and
9 non-eng disciplines.

! Dr. Hokanson is currently employed at: Trussell Technologies, Inc., 232 N. Lake Ave., Ste. 300, Pasadena, CA
91101.



1.0 Introduction

The concept of economic, environmental, and societal sustainability is becoming ingrained in the
international engineering community. The next generation of engineers will need to be trained in
the context of sustainability with an international perspective if they are to participate in solving
problems of sustainability at the local and global scale. Such complex problems require an
integrative approach for solution and engineers must be prepared to meet challenges that extend
beyond the boundaries of a single discipline.

In this paper we describe several programs developed at Michigan Technological University to
train undergraduate and graduate engineering students in sustainability within a global context
(more detail on these programs can be found elsewhere; Mihelcic et al., 2006; Paterson et al.,
2006; Fuchs and Mihelcic, 2006; Hokanson et al., 2007). We have begun to use a global
competency typology to investigate how well existing international programs fit our Sustainable
Futures Model (data not shown here, see Fuchs and Mihelcic, 2006). Combining these two tools
(assessment with the global competency method and scope definition with the Sustainable
Futures Model), we believe that these programs are an effective process to train successful
engineers for international sustainable development. Students engaged in these programs should
also be able to solve problems in international settings through sustainability concepts.

2.0 Background

2.1 Global Environmental Issues. Currently, the world's population has reached 6 billion and 80
million people are added each year. As the world’s population increases, so does the urgency of
maintaining the environments which people depend on. This, however, presents numerous
challenges to the global community. The United Nations Environment Programme (UNEP) lists
ten existing or emerging environmental issues (Table 1).

Table 1. Existing and Emerging Environmental Issues (UNEP, 2002).
1. Globalization, trade & development
2. Coping w/ climate change & variability
3. The growth of megacities
4. Human vulnerability to climate change
5. Freshwater depletion and degradation
6. Marine and coastal degradation
7. Population growth
8. Rising consumption in developing countries
9. Biodiversity depletion
10. Biosecurity

2.2 Global Health. In the developing world, the United Nations reports that polluted water
affects the health of over one billion people, which contributes to the annual deaths of 11 million
children under five. Additionally, 2.4 billion people lack access to any type of sanitation
equipment. HIV/AIDS, tuberculosis, and malaria are among the world’s largest Killers; all have
their greatest impact on developing nations; they interact in ways that make their combined
impact worse; and create an enormous economic burden on families and communities, especially
in those where economic livelihood is dependent on good health (UNESA, 2004).



At the 2002 World Summit on Sustainable Development (Johannesburg), world leaders
reaffirmed the principles of sustainable development® adopted at the Earth Summit ten years
earlier. One outcome was the development of Millennium Development Goals (MDGs). The
MDGs provide a global vision of development in which health and education are equal pillars of
importance. The eight MDGs represent commitments to reduce poverty and hunger, and to
tackle ill health, gender inequality, lack of access to clean water, and environmental degradation.
For each goal, one or more targets
have been set, most for 2015, using
1990 as a benchmark. Three out of
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2.3 Health and Sustainable Development. “Health is both a resource for, as well as an outcome
of, sustainable development. The goals of sustainable development cannot be achieved when
there is a high prevalence of debilitating illness and poverty, and the health of a population
cannot be maintained without a responsive health system and a healthy environment.
Environmental degradation, mismanagement of natural resources, and unhealthy consumption
patterns and lifestyles impact health. Ill-health, in turn, hampers poverty alleviation and
economic development” (WHO, 2002).

The World Health Organization states that for people living in poverty, illness and disability
translate directly into loss of income, which can be devastating for individuals and their families.
The effects of ill health have significant ramifications at the macroeconomic scale as well. For
instance, a significant portion of Africa’s economic shortfall may be attributed to climate and
disease burden. With respect to the environment, the income derived from ecosystems (i.e.,
environmental income) is also recognized to provide a “fundamental stepping stone in the
economic empowerment of the rural poor” (WRI, 2005).

2 Sustainable development is defined here as the design of human and industrial systems to ensure that humankind’s
use of natural resources and cycles do not lead to diminished quality of life due either to losses in future economic
opportunities or to adverse impacts on social conditions, human health, and the environment (Mihelcic et al.,
“Sustainability Science and Engineering: Emergence of a New Metadiscipline,” Environmental Science and
Technology, 37(23):5314-5324, 2003).



2.4 Educating the Global Competent Student for Sustainability. Sustainable development in
both the developed and developing world has the common fundamental themes of advancing
economic and social prosperity while protecting and restoring natural systems. The operational
model for sustainable development would therefore be a global partnership, enhanced by
integrating the best and most appropriate knowledge, methodologies, techniques, and practices
from both the developed and developing worlds. In order to be sustainable, engineers need to
apply appropriate technology versus resource intensive technology that can pollute, create social
injustices, and disrupt communities. Engineers and scientists also need to be trained to innovate
new ideas and services (which will create employment and exports), so they do not just address
the needs of the wealthiest five percent of people in the world, but instead they create and export
knowledge and products to the billions of people who are in need of safe and affordable
technology. Future technology leaders also need to eco-innovate new services and products
embedded in concepts of sustainable development that will create employment and expand
markets.

Since engineers must be able to work globally, students must be trained to think globally, and
from the perspective of global sustainability, this should include education about the developing
world as well as industrialized nations. In addition, preliminary evidence suggests that education
and work in sustainable development can strengthen and diversify the engineering field because
it may attract the interests of women and under-represented minorities who are interested in
service and broader societal impacts (Seymour, 1999; Mihelcic, 2004a; Bielefeldt, 2006;
Mihelcic et al., 2006; Hokanson et al., 2007; Zimmerman and Vanegas, 2007).

While engineering students can take general education courses in world cultures, history, and
geography, a much more direct education in international topics would include a significant
international experience. Of the nearly 175,000 American students that studied abroad in 2003,
only 3% were engineering students, which is only 1% of the Americans students enrolled in
engineering programs (Fuchs and Mihelcic, 2006). Over the last twenty years the number and
proportion of engineering students studying abroad has increased, but very slowly. For decades,
international programs have not offered options designed for engineering students, but
universities are beginning to see benefits in study-abroad for engineers, and some engineering
students are also branching into humanities studies such as languages, social science, cultural
studies, and public policy.

Many of the recent international engineering programs have focused on enabling the engineering
student to maintain technological expertise, to function in multi-cultural business, and to
compete globally (e.g., Jain, 1997; Eljamal et al., 2005; Mayhew et al., 2005). In those programs,
students study or intern in industrialized nations, learning about global markets and
internationally competitive engineering firms. While this perspective ensures that engineers may
continue to compete in this period of globalization, we believe that a broader view of engineering
education for stewardship and ethical reasons provides a context for engineering students to
become leaders in global sustainability (see Fuchs and Mihelcic, 2006).

Review of existing “study-abroad” programs around the world suggests that international
engineering programs can thus be divided in two types. One group focuses on the engineer as a
technical problem solver, an industry-oriented engineer who needs to be globally competitive.



The other group focuses on the engineer as public-service agent, a development-oriented
engineer who needs to have an understanding of diverse cultures, economies and geographies
(Fuchs and Mihelcic, 2006).

We propose a more detailed rhetoric to describe the engineering education focused on
developing the international development engineer. Mihelcic and Hokanson (2005) developed a
conceptual model for the metadiscipline of sustainability science and engineering (this
metadiscipline was first proposed in Mihelcic et al., 2003). The proposed Sustainable Futures
Model (see Figure 1), shows sustainability as a triangle comprised of economic/industrial
sustainability, environmental sustainability, and societal sustainability. The Sustainable Futures
Model identifies the key components of the three facets, to date focusing primarily on
industrialized, technologically advanced societies.

This model works well for addressing sustainability in industrialized nations and for
incorporating societal and environmental concepts into engineering education, but to be truly
applied to international education, the components under each leg (society, economy, and
environment) could also be listed in the context of the developing world. In this case, the model
would be useful for defining the scope of engineering programs that concentrate on international
sustainable development.

Economic/Industrial Sustainability Environmental Sustainability
Productivity Risk assessment
Technological growth Impact modeling

Natural resources
Human & ecosystem health

Sustainability metrics
Fate & transport mechanisms
Geographic information systems
Remote sensing

Profit and employment
Eco-efficiency analysis
Clean manufacturing
The built environment
Design for environment
Product end-of-life
Energy production & efficiency

Sustainable
Futures
Model

Societal Sustainability

Informed citizenry Risk communication
Stakeholder participation Public policy
Social Justice, Equity Diffusion of knowledge
Environmental Justice Land use planning

Figure 1. Definition of the three facets of the sustainable science and engineering metadiscipline
(from Hokanson and Mihelcic, 2005).

The original Sustainable Futures triangle focused on sustainability in industrialized nations, not
the developing world. Accordingly, Fuchs and Mihelcic (2006) proposed an adapted model to
discuss sustainability in international development (Figure 2). Here the Sustainable Futures
Model becomes an “appropriate technology”, applicable to developing communities.®> The terms
listed under each of the three sides of the triangle are impacts or factors related to sustainability
in the developing world. For example, many developing countries still experience high
population growth, while this is not a factor in the sustainable development of industrialized
nations. Willingness-to-pay also plays a larger role in developing than developed countries,

® Appropriate technology has been defined as the use of materials and technology that are culturally, economically,
and socially suitable to the area in which they are implemented.



where local development is dependent on community members’ desire and ability to contribute
to the overall sustainability of the group.

Sustainability Triangle for Engineering in the
Developing World

Ecu_numic Sustainability Environmental Sustainability
Available non-monetary resources Renewable & recyclable materials

Available monetary resources
Willingress to pay

{monetary & non-manetary)
Fit local & national situation
Financing Operation/Maintenance
Community Contribution
Economic Risk
Importance of Environmental Income

Population trends

Sustain local resources
Minimize pollution

Energy use

Ecological balance

Impact of climate and disasters
Water & sanitation

Sustainable
Futures
Model

Societal Sustainability

Cultural tradition Gender & Youth Roles
Seasonal calendars Capacity building
Level of health Level of education

Location of beneficiaries Local ownership
Coordinate with national strategic plans

Figure 2. Sustainable Futures Model redefined for international development
(from Fuchs and Mihelcic, 2006).

3.0 Programs to fit the need for Sustainability-Focused Globally Competent Engineers

The Sustainable Futures Model (shown in Figures 1 & 2) can be used to address these
fundamental changes in engineering curriculum because it provides a framework to educate
engineers to consider sustainability in the context of environmental, societal, and
economic/industrial considerations. Furthermore, an important component of the “societal
systems” section of the sustainability triangle is social justice, which is a basis for the
Millennium Development Goals.

Several programs have been developed at Michigan Technological University to train
undergraduate and graduate engineering students in sustainability with a focus on international
development. Programs are explained in more detail below.

3.1 Service: Engineers Without Borders. The Michigan Technological University chapter of
Engineers Without Borders-USA (ewb.students.mtu.edu) provides an example of the cross-
disciplinary passion that exists for international development experience. Started in 2005, the
chapter has more than tripled its membership, from 20 to over 100 members. Membership began
with environmental engineering and civil engineering majors, but now includes eight different
engineering majors plus five non-engineering majors. This service organization is attractive to
women; 45% of the participants are female, well above the engineering college’s student body
percentage (approximately 21%). Importantly, the chapter appears to motivate students to
engage in some of the educational and research initiatives described below.

3.2 Service-Learning: International Senior Design. For six years, the Michigan Technological
University Department of Civil & Environmental Engineering has administered a capstone
design project for 4™ year students, which allows a student to obtain university credit for
working on engineering projects in the developing world (Mihelcic et al., 2006; Hokanson et al.,
2007). The goal of International Senior Design (ISD) (currently a 6-semester credit course) is to



provide students a service-learning design experience situated in the developing world so they
can explore the technical, economic and social implications of engineering design and
construction. Integration of the U.S. Accreditation Board for Engineering and Technology
(ABET) accreditation criteria throughout the design experience is crucial to this activity. To date
118 students have partnered with communities in Bolivia and the Dominican Republic (53% of
participants are female) to perform various design projects addressing storm water drainage, on-
site sanitary waste systems, site planning, building analysis and other feasibility studies.

Students have come from 5 engineering disciplines and 2 non-engineering disciplines.

3.3 Service Learning and Knowledge Creation: The Master’s International Program in Civil
& Environmental Engineering. This graduate engineering program (that partners with the U.S.
Peace Corps) was developed to allow students to perform in-depth studies of sustainable
development in an international context (for more detail see Mihelcic 2004a&b, Mihelcic et al.,
2006). Students obtain graduate credit for training, service, and research while working abroad,
for a minimum of 7 academic semesters, as engineers in the U.S. Peace Corps. The Michigan
Technological University Master’s International program in Civil & Environmental Engineering
is currently the only program of its kind in the United States. The program’s overall goal is to
graduate engineers who are grounded in the fundamentals of engineering, but are also educated
and trained in the many critical, non-technical skills that are required of today’s engineer. It is
also a stated goal of the program to educate engineers to value service to the global community.
Graduates from the program have stated that the program allowed them to investigate the
economic, environmental, and societal limitations of engineering projects. To date, 58
engineering graduate students (42% female) have served and performed research in 19 countries.
The program has attracted students with a wide range of first degrees; 9 different engineering
disciplines and 6 non-engineering disciplines.

3.4 Undergraduate and Graduate Certificate Programs.  Two certificate programs
(undergraduate and graduate) have recently been initiated to integrate the education experience
with the Sustainable Futures Model. This past year we obtained approval for a 22-credit
undergraduate certificate in International Sustainable Development Engineering. This certificate
provides students breadth in the areas of ethics, resource equity, interactions between technology
and society, engineering connections with the environment, engineering materials and
water/sanitation, all at a global perspective. It also requires students to take at least one cultural
or language course. The certificate ends with the 6-credit international senior design experience
discussed previously. Figure 3 shows how the undergraduate certificate is integrated with a
student’s four years of study and also with the international senior design experience.



Year 1 Year 2 Year 3 Year 4
BA Elective
Ecology and
Organizab
or other
(3 credits) HU Elective
l Ethical Theory o
Risk Comm.
Elective CE Elective (3 credits)
CEc:I‘ 53;5:?:‘ Choose one: Intro. of Fund. I\
e French/Spanish Emvironmental |
(1 oredit) ' Crs Egnesmg
(3 credits) (3 credits) CE4300/4905
I International
Senior Design
SS Elective (6 credils)
Choose one:
Technology and
Society
(3 credits)

Figure 3. Course schedule for the Undergraduate Certificate in
International Sustainable Development Engineering.

In 2004 our Sustainable Futures Institute created a 15-credit Graduate Certificate in

Sustainability. The Graduate Certificate in Sustainability formally recognizes curricular breadth
in the following areas: i) policy, societal, and economic systems, ii) environmental systems, and

iii) industrial systems. It also requires a two-course specialization in sustainability. Figure 4

provides more detail. Many of the Master’s International students integrate this certificate into

their coursework requirements. In fact, 44% of the Master’s International students who were
enrolled when the certificate was available have met the certificate requirements.

Policy and Societal Systems & Economics

(min. one course)

BA 4790, Ecological Sustainability and Organizations

EC 4600 / 5600, Natural Resource and Environmental
Economics

EC 4620 / 5620, Energy Economics

SS 5200, Environ. Decision-Making

SS 5300, Environ. Policy and Politics

SS 5350, Environ. Policy Analysis

SS 5400. Socioloav of the Environment

Industrial Systems (min. one course)
BA 4630, Manufacturing Strategy

CE 5408, Public Transit

CE 5610, Engineering Systems Analysis

CE 5660, Air Quality in the Built Environment

CM 4720, Design for the Environment

MEEM 5652, Life-cycle Engineering

Desian/Manufacturing

MEEM 5865, Environmentally Responsibly .\

Environmental Systems (min. one course)

BL 3850, Environmental Toxicology and Society

BL 4860, Toxicology

CE 4504, Air Quality Engineering and Science

CE 4505, Surface Water Quality Engineering

CE 4506, Application of Environmental Regulations and
Pollution Prevention to Engineering Practice

CE 5501, Environmental Process Engineering

CE 5504, Surface Water Quality Modeling

CE 5505, Atmospheric Chemistry

CE 5506, Air Quality Modeling

FW 3540, Remote Sensing and GIS in Natural Resource
Management

FW 5550, Geographical Information Systems

S.S 5100, Global Environmental Systems

Sustainability (min. one course)

ENG 5720/ SS 5720, Sustainable Futures I
CE 5993/CE5994, Field Engineering for the Developing

\\ Graduate Certificate in Sustainability

ENG 5510/ SS 5510, Sustainable Futures | o

15 credits

Figure 4. Course schedule for the Graduate Certificate in Sustainability, supplementing the
Master’s or Doctoral degree in any graduate program at Michigan Technological University

(from Fuchs and Mihelcic, 2006).



4.0 Conclusions

Engineering solutions to the problems facing the global community will require a change in way
that engineers have previously been educated. This paper discussed some of the international and
educational motivators for change, and resulting curricular outcomes for several undergraduate
and graduate engineering educational initiatives that instruct students in the concepts of
sustainable development in an international context. All these programs are based on integration
of economic, environmental, and societal issues embedded in the Sustainable Futures model.

This paper examined several educational initiatives developed at Michigan Technological
University to enable engineering students to achieve international competency and become
stewards for global sustainable development. We are currently collecting assessment data on
these programs (e.g., see Paterson et al., 2006; Fuchs and Mihelcic, 2006). Over the last decade,
Michigan Technological University has organized the Sustainable Futures Institute, granted
engineering graduate degrees through a partnership with the U.S. Peace Corps, offered an
International Senior Design course, and created a Graduate Certificate in Sustainability and an
undergraduate Certificate in International Sustainable Development Engineering.

One overriding goal of the Sustainable Futures Model that is employed in this change is that it
provides a clear framework to integrate concepts of economic, environmental, societal
sustainability into engineering curricula. An important aspect of providing a global experience
along with this framework is that global problems of sustainability clearly require that students
consider equally the three components of the sustainability triangle. Because of the community
based approach required for engineering successful solutions to problems of the world, graduates
of these programs should be more aware of societal and community issues that impact the
success of engineering projects throughout the world. Preliminary data also suggest these types
of initiatives appear to be attracting a more diverse group of students to engineering.
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