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A Novel Approach for Sustainable Product Development Education

Abstract

The classical principles of product development have been formulated through a framework that
relies heavily upon assumptions of continuously declining validity in the modern marketplace.
Mobile phones are one such product group that fall into the cycle of rapid consumption, disposal,
and replacement. Such principles have traditionally led to a narrowly focused development
approach, where systems and processes are optimized solely in terms of maximizing corporate
profit. The recent increase in consumer demand for green products has counteracted this
traditional approach, driving companies to adopt the triple bottom line or sustainability
philosophy. The objective of this paper is to propose a uniform definition of Sustainable Product
Development for utilization in academia based upon existing best practices in industry. The
proposed definition is formulated as a coupling of an engineering process and a leadership
framework. The sustainable product development engineering process has evolved significantly
through years of continuous improvement upon the primitive design-build-test sequence. The
sustainable product development leadership framework is generated by expanding the triple
bottom line concept into seven core principles which form a sustainability vision for inspiring
companies. The seven principles are — 1) Purpose, 2) Policy, 3) Process, 4) People, 5) Planet, 6)
Product, and 7) Profit. Additionally, the paper discusses a strategy for implementing sustainable
product development into engineering technology programs. The proposed strategy will rely
upon an integrated learning pedagogy, in which the concepts are introduced in a technology
orientation course and reinforced in a capstone product development course. Learning outcome
assessment of this effort should guide the next phase of integrating sustainable product
development in engineering technology curricula.

Introduction

Sustainable Product Development (SPD) is a modern necessity which integrates the concepts of
sustainability into the product development process (PDP). While product development
processes are well established, ideas of sustainability are relatively new and continuously
evolving. The most primitive PDP relies upon iterations of the design-build-test sequence.
Depending upon the complexity of their products, most companies typically adopt their own
proprietary version of the PDP that is phase-gate driven. A critical aspect of this development is
the establishment of the appropriate gate criteria that must be met prior to the exit of each phase.

Successful integration of sustainability into the PDP requires clear definitions of its core
concepts. In light of this, many authorities have attempted to define the meaning of
sustainability. The most widely quoted definition of sustainability came from the Brundtland
Commission of the United Nations in 1987, stating that - “Humanity has the ability to make
development sustainable to ensure that it meets the needs of the present without compromising
the ability of future generations to meet their own needs'.” More than two decades later, a group
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of scientists began to develop the measurable metrics of sustainability achievement, known as
the Nine Planetary Boundaries, which are listed below? -

Climate change

Ocean acidification

Stratospheric ozone depletion

Interference with the global phosphorus and nitrogen cycles
Rate of biodiversity loss

Global freshwater use

Land-system change

Aerosol loading

Chemical pollution

Based upon its expanding importance in the modern marketplace, sustainability is becoming
more prevalent in the operation strategies of various businesses. Companies are modifying their
objectives from simply maximizing profit to a so-called “Triple Bottom Line” (TBL) mission.
The TBL is formulated based upon social, economic, and environmental factors. Last year 3,208
companies worldwide and 944 companies in the U.S. were listed on the Dow Jones
Sustainability Index®. This list consists of companies from a variety of industries, and includes
well established manufacturers such as DuPont, which was established in 1802. In order to
reflect its commitment to the culture of sustainability, DuPont has published the following
statement on its website* -

“As the world’s population approaches nine billion by 2050, we face
unprecedented challenges to sustainably address the critical needs of food, energy,
and protection. Through our science-driven innovation and global collaboration,
we create solutions that help meet these needs. Sustainability is at the core of
what we do - from reducing our operational footprint, to developing renewable
materials and safer products, to collaborating with others to create sustainable
solutions. Our world is changing. The demographic shifts - about 150,000 more
people on the planet each day - will increase urban growth and continue to place
pressure on natural resources to feed the world, meet the growing energy
demands, and keep people and the environment safe in a sustainable way. We
recognize the value of long-term sustainable solutions to address the

challenges. Around the world, we are working collaboratively to deliver
scientific innovations and solutions along our value chains, with academics,
governments, other companies and organizations.”

This is a compelling statement which demonstrates foresight towards the future challenges
associated with the exponential growth of demand for finite resources. This outlook should not
be surprising, as any company that has thrived for more than 200 years has clearly demonstrated
a strong culture capable of long term sustainable growth.

As the importance of sustainability continues to increase in the modern economy, educational
institutions at various levels have attempted to integrate its concepts into their curriculum. At the
graduate level, courses in Environmental Policy and Sustainable Development have long existed
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in various Engineering and Engineering Management programs. Unfortunately, these courses
were often electives placed late within the curriculum, thereby limiting the ability to integrate the
concepts of sustainability throughout the program as desired. Based upon this deficiency, a
conceptual framework based upon System Engineering techniques and Optimal Control Theory
has been developed as a mechanism to reform engineering education in order to include aspects
of sustainability across the curriculum®. In order to accommodate this increased focus on
sustainability throughout the curriculum, the importance of faculty development within this area,
including content training and learning competency standardization, has also been suggested in
the literature®.

Numerous efforts have also been taken to teach the concepts of sustainability at the
undergraduate level. For example, the Manufacturing Engineering Technology program at Ball
State University has proposed an innovative curriculum teaching these concepts based upon an
integrated learning pedagogy’. It should also be noted that the increased focus on the inclusion
of sustainability in education is not isolated to colleges and universities, as recent developments
have seen the proposed establishment of “Green Curricula” at the K-12 level®. Although these
and similar efforts are promising, the importance of sustainability in the modern economy merits
further investigation into best practices for optimizing its inclusion in educational curriculum.

The objective of this paper is to propose a uniform definition of Sustainable Product
Development for utilization in academia based upon existing best practices in industry. The
proposed definition is formulated as a coupling of an engineering process and a leadership
framework, which respectively formulate the mission and vision for the process. The
engineering process is based upon classic theories of product development integrated within a
concurrent, sustainability focused framework. The leadership framework, which is developed as
an expansion of the aforementioned TBL, completes the SPD process by providing guidance for
the establishment of a sustainability focused culture within an enterprise. After introducing this
process, a reflection detailing the challenges and opportunities associated with the inclusion of
SPD principles within a two year engineering technology program is discussed.

General Characteristics of Sustainable Product Development Processes in Industry

Sustainable product development expands upon traditional product development by introducing
additional considerations into the product development process. These additional factors include
the environmental impact of source materials, as well as the end of life plan for the product. In
addition, the environmental impact of the product during its usable life must also be taken into
consideration in a SPD process. Based upon these additional considerations, product Life Cycle
Analysis (LCA) and management have become an integral part of existing SPD strategies
throughout industry® °.

Environmentally conscious tools for manufacturing, management, and economics have also been
used in the development of existing SPD strategies™'. These efforts are based upon internal
efforts, as well as concepts and best practices developed in government, academia, and non-
profit collaborations. For example in Table 1, the seven success factors for eco-efficiency,
developed by the World Business Council for Sustainable Development, have had significant
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impact on the development of industrial SPD processes'?. Three of these seven factors focus on
the reduction of process outputs, while the remaining four focus on enhancement.

Table 1 — Seven Success Factors for Eco-efficiency

Reduction Enhancement

e Material intensity of goods and services (RM) | e Material recyclability (ER)

e Energy intensity of goods and services (RE) e Sustainable use of renewable resources (ES)

e Toxic dispersion (RT) e Durability of products (ED)

e Service intensity of goods and services (EI)

Many companies have adopted the Eco-efficiency approach to their SPD process. The
Remanufacturing Operation by Rank Xerox, Product Stewardship by DuPont, Responsible Care
by Dow Chemical, Eco-efficiency by Ford Motor and DuPont, Evergreen Program by Interface
Flooring Systems, By-product Synergy by Chaparral Steel, and LCA by AT&T are some of the
most commonly known company unique processes documented in case studies™.

Proposed Engineering Process for Sustainable Product Development

The proposed Sustainable Product Development process introduced in this paper results from the
coupling of a sustainability oriented leadership framework along with a complex engineering
process as shown in Figure 1. Most industrial engineering processes are much more intensive
than the basic design-build-test cycle, which is often the only process with which engineering
students are familiar. The proposed engineering process for the SPD concept is developed based
upon proven industrial practices from companies like Xerox, Ford, and Plug Power. The
remainder of this section summarizes the basic characteristics of each phase of the process.

It should be noted that the Sustainable Product Development Engineering Process (SPDEP)
presented above is a specific instance of the well-known concurrent engineering framework.
Concurrent Engineering is a concept that promotes cross-functional participation from all project
stakeholders at the beginning of product development, as well as overlapping projects and tasks
throughout the development process. Ideally, concurrent engineering based processes allow for
the completion of a systems design in the shortest time possible.

As with any product development process, implementation of the SPDEP requires the
preliminary establishment of the requirements of the target product. These attributes may be
broadly characterized as relating to its form, fit, function, and finance. SPDEP is distinguished
from traditional process development by its utilization of factors associated with the End of Life
Strategy during the development of product requirements. In SPDEP, The End of Life Strategy
involves the evaluation and selection of a series of so called “re-processing” options, such as
repurposing, refurbishing, reusing, reconditioning, recycling, and reclaiming. In addition to the
development of product requirements, the initial state of the SPDEP also involves Quality
Function Development (QFD), as well as the development of the Systems Requirement
Document (SRD). Both the QFD and SRD are essential aspects of nearly all existing industrial
product development processes, and are thus well documented in the literature.
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Figure 1 — Sustainable Product Development Leadership Framework and Engineering Process

After the requirements of the target product have been established, the SPDEP proceeds in a
manner quite similar to other traditional product development processes. This is initiated by a
Benchmarking phase, which may involve market research analysis, review of the literature, as
well as physical teardown and reverse engineering. Next, concepts are developed and narrowed
down by the Pugh or Combinex techniques in the Synthesis phase. The goal of this phase is to
develop a so-called “Best of Breed” product, as determined based upon the results of the
previous Benchmarking phase. Critical to the Synthesis phase is the consideration of
interchangeability and commonality in product design. Ideally, the Synthesis phase may be
exited after the development of a well-considered concept.

The concept developed in the Synthesis phase is naturally validated in the subsequent Analysis
stage. It should be noted that modern engineering programs in many universities devote a
significant portion of the curriculum to subject matters associated with the laws of physics.
Component analysis is critical in order to ensure minimal iterations of any product design
process. Located within the Analysis phase, Life Cycle Analysis and Seven Success Factors for
Eco-efficiency are a central theme in the proposed SPDEP. The cost, energy, and toxicity
involved in raw material extraction, and ultimately product disposal, are critical factors which
must be estimated with high levels of accuracy during this phase.
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The following phase of Design has been historically characterized as a tedious, time intensive
process. However, as has been well documented in the literature, technological advances in
various CAD/CAM software packages have revolutionized this portion of product development.
In addition, rapid prototyping technology now allows for the simplistic generation of concept
parts for interim evaluation. Like the Analysis phase, concepts from the Design phase are also
heavily emphasized in modern engineering curricula.

Another universal phase of the product design process which has been revolutionized by
advances in computing is the Optimization phase. These advances have provided tremendous
value to sustainability oriented product development processes, in which the basis of objectives
is significant expanded relative to traditional product development. In the SPDEP, optimization
parameters may be generated according to the previously identified factors of eco-efficiency and
resource-efficiency. As is evidenced in the SPDEP flow chart, optimization should leverage
each of the well-known techniques and algorithms established in the literature, including
parametric optimization, robust design, as well as design of experiments.

The Sensitivity Study phase involves the utilization of well-established algorithms in order to
analyze “what-if” type scenarios. As has been well documented in the literature, Monte Carlo
simulation is very effective in studying random processes with multiple parameters. Geometric
Dimensioning and Tolerancing (GD&T), which should be implemented during the Sensitivity
Study phase, is an essential part of any design process. GD&T ensures the form, fit, and
function of the product. Failure Mode Effect Analysis, which is also included in this phase, is a
classical approach to achieve failure-prevention design or conduct post-mortem analysis.

After completing the Sensitivity Study phase, the SPDEP enters the Documentation phase, which
is critical in order to ensure the success of the remainder of the process. The Documentation
phase is a knowledge-capture process which maintains configuration control. Unfortunately, this
process is rarely viewed favorably by development stakeholders, especially in light of the ever
increasing speed of product development cycles. Next, the Procurement, or supply chain
function, phase is implemented. This phase may occur at the raw material, part, component, or
system level, depending upon the complexity and scope of the target product. The input of
suppliers is critical during this stage of the SPDEP. In order to receive the best possible quality,
cost, and deliver schedule of their orders, companies need to share openly essential information
and to negotiate in good faith with suppliers'*. Great companies strive to promote a highly
collaborative business environment and are prepared to exchange ideas on sustainability best
practices with their suppliers.

The subsequent Manufacturing phase encompasses the fabrication and assembly portion of the
SPDEP. The previously discussed technological advances in rapid prototyping, namely in
additive or direct digital manufacturing, allow for the efficient generation of either prototype or
low volume production parts. In addition to rapid prototyping technologies, machine tools and
classical manufacturing processes also remain critical in the fabrication of high volume parts.
Innovations in manufacturing philosophies, such as lean six sigma, have also resulted in
substantial efficiency improvements throughout manufacturing. Manufacturing theory and
techniques have recently received a revival of interest throughout various engineering curricula,
particularly at the two year engineering technology level.
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After manufacturing, the test phase of any product development process is crucial to ensure
fulfillment of specifications. Two commonly known tests currently employed in various
industrial environments are the Design Verification Test (DVT) and Quality Assurance (QA)
test. Failure of the DVT typically results in the necessity that the design to go through an
additional iteration of the development process. Failure of the QA test prevents the launch of the
product into the marketplace.

The Launch phase of the process is an exciting event for all who are involved. As its preparation
can make or break even a good product, the amount of planning required for this phase cannot be
underestimated. Typically, an experienced team of launch specialists begins preparation months
in advance of the launch date in order to plan for the build-up of product and spare parts
inventory, warehousing strategies, marketing collaterals, as well as customer service and sales.

As was previously introduced, the End of Life Strategy phase is the distinguishing factor of any
sustainable development process, including the SPDEP proposed herein. It examines “cradle to
grave” implications along each step in the life of a product. The goal of efforts conducted within
this phase is to minimize the environmental footprint of the product. Continuous improvement
processes should be utilized here in order to turn wastes into resources. In addition, an effective
End of Life Strategy should capture environmental lessons learned and track the stewardship of
scarce resources.

Proposed Leadership Framework for Sustainable Product Development

While the key components of the engineering process for sustainable product development have
been established for many years, the leadership framework aspect has recently received
increased interest in light of marketplace changes. Perhaps the largest factor influencing this
increased focus is the increasing demand for finite natural resources such as oil. The United
States has benefited in the “cheap oil’ era, especially during the period between 1985 and 2005.
The GDP of the nation increased by 85% adjusted for inflation over this time period, while
population increased by only 24%. Additionally, the GDP per capita improvement was almost
50% over this period. Oil provides about 35% of the total energy used in the world and is
responsible for many byproducts, such as rubber and plastic. Even today, it could be argued that
oil is still relatively inexpensive. For purposes of illustration, Table 2 gives a comparison
between gasoline and milk, two forms of liquid that are of significant interest to humans. Based
upon this simplistic comparison, gasoline could easily be worth an order of magnitude more than
milk.

Table 2 — Milk and Gasoline Comparison

Key Attribute Milk Gasoline
Sustainability Renewable Depletable
Production Steady Peaking

US Consumption in 2008 190 [billion Ibs/yr] 2122 [billion Ibs/yr]
Approximate Price Today $ 3.50 [per gal.] $ 3.50 [per gal.]
Energy Density 2.75 [MJ/Kg] 44.4 [MJ/Kg]
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Since the onset of the industrial revolution in the 1750s, the world population has sky-rocketed
from 700 million to seven billion. World population is projected to reach nine billion by 2050.
This level of human and economic expansion is not sustainable, especially in light of the risk that
peak oil production has been reached™. Figure 2 plots the annual global production of oil in
giga-barrels against the total world population. The leveling effect can be seen from the fitted
curve.

Global Oil [Gb] vs. World Population [millions]
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Figure 2 — Annual Oil Production vs. World Population

The leadership framework introduced herein proposes to address sustainable development for
growth under limited resources. While the aforementioned engineering process provides the
practical aspects of the proposed SPDEP, the leadership framework forms its philosophical
counterpart. The proposed leadership framework is organized according to a set of Seven
Principles (7P), which are — 1) Purpose, 2) Policy, 3) Process, 4) People, 5) Planet, 6) Product,
and 7) Profit.

Purpose

The purpose of an organization provides an enterprise with a meaningful operational direction.
In fact, one of the most common causes of organizational failure is the existence of multiple
purposes whose trajectories conflict. When that occurs, the organization must examine their
conflicting purposes against its vision. Visions should be forward looking in both long and short
terms to anticipate the cadence of technological advances. Unfortunately, the vision of some
companies is formed by looking at the rearview mirror.

Kodak is a prime example. Its founding purpose was to make photographs through photographic
films. Its core competency has been in photosensitive chemicals and medium processing. Over
the years Kodak grew and later decided to spin off the Eastman Chemicals Division in 1994, to
fund its century old purpose. It adventured to become a pharmaceutical company by acquiring
Sterling in 1988. The purpose of being a films and drugs company proved too diverse for the
company to handle. Again in 1994 the company sold its non-imaging health-related businesses.
Its ultimate dismay came from the digital photography the company invented in 1975. Kodak
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filed for Chapter 11 in 2012 because it failed to capitalize on the digital photographic technology
and based its purpose and survival on the century old analog photographic technology*® *'.

In order for all members of the organization to collaborate effectively, the purpose needs to be
clear and articulated in a way that can be internalized by all stakeholders. In SPD, it is critical
that the purpose of an enterprise be developed in the context of sustainability.

Policy

Policies are created to provide boundaries. While too many policies will stifle growth and
creativity, too few will promote chaos. Policies are created to supplement the overarching
purpose. In order to remain effective, policies must be tested and revised over time.
Empowerment of all stakeholders can be enabled by a well-established set of policies acting in
conjunction with a well-defined organizational purpose. Like purpose, policies must also be
crafted with sustainability in mind within the SPD process.

Process

Processes are a generic term for proven and captured knowledge which typically drive product
quality. They are similar to policies, but are more technically oriented and are oftentimes
implemented at lower levels of the organization. Good processes provide a competitive
advantage to enterprises that often form a barrier to entry by potential competitors. Some of the
most important processes are derived from trial and error, based upon lessons learned from prior
experiences. Processes are critical in guiding the design and development of products or
services.

People

People are arguably the most precious resource within an organization, as they provide the
prerequisite creativity for sustainable development strategies. Unfortunately, finding talented
people with integrity is one of the most difficult aspects of enterprise establishment. Companies
owe their employees the opportunity for lifelong development according to Maslow’s hierarchy
of needs. An organized group of people having the same purpose can accomplish the most
challenging task or design the most complex product. Ina SPD leadership framework, it is
critical that employees be exposed to a culture that promotes the principles of sustainability.

Planet

The role of the planet is indispensable, as it serves as the origin of all natural resources. While
some resources required for product development are renewable, some unfortunately are not. In
ancient times, a person used energy in the form of biomass primarily for food related activities.
In industrialized countries today, a person uses more than 100 times the energy from mostly non-
renewable sources for food, housing/commerce, industry/agriculture, and transportation related
activities'® ¥ %, Renewable energy from the sun and moon in the forms of photovoltaic, solar
thermal, hydroelectric, wind energy, and tidal wave power must be considered a part of the
energy portfolio by companies wishing to implement SPD.
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Product

Products are the tangible outcomes of all companies, and are ultimately created for the improved
quality of living and convenience of mankind. While consumers have historically ignored
environmental impact as a factor during product selection, recent evidence suggests that this

trend is in fact changing. When developing a broad sustainable product development

framework, companies must balance several factors, including product life span, eco-efficiency,
as well as the end of life plan. For purposes of illustration, Table 3 compares a spectrum of
useful products according to similar criteria. Namely, five sustainability attributes are used to
compare and evaluate each of the considered products.

Table 3 — Product Comparison

Attribute Toothbrush | Mobile Phone | PC Automobile Piano
Life Span[yr] |0.1-1.0 1.5 4.5 7-20 50
Usage Consumable | Disposable Extendable Durable Conservable
Eco-efficiency | 4 out of 7: 3out of 7: 4 out of 7: 5 out of 7: 7 out of 7
RM+RE RM+RE+EI RM+RE RT+ER+ES
+RT+RM +ER+ED +ED+EI
End of Life Repurpose Reclaim Recycle Recondition Refurbish
Biodegradable | Poor Poor Poor Fair Good

Ironically, the above table emphasizes that products with increasing levels of technology
oftentimes exhibit diminishing levels of sustainability. This paradigm represents one of the key
challenges for SPD.

Profit

Profit is essential for the survival of all companies, and thus must still be a focus of any
operational strategy. In a SPD context, it is critical that profit be reinvested in four of the 7Ps:
Process, People, Planet, and Product. Newer manufacturing tools and processes are more
efficient, thereby improving the achievement of sustainability metrics. Investment in employees
allows for continuous professional development, also leading to improved organizational
achievement. Community reinvestment has several positive effects, including the expansion of
goodwill amongst both employees and consumers. Finally, by investing in the research and
development of sustainable products, companies will better prepare themselves to compete in a
marketplace which is increasingly focused on sustainability.

Challenges of Integrating SPD in Engineering Technology Curricula

As was discussed in the introduction of this paper, there has been significant effort expended to
include content from SPD into various forms of engineering curriculum. While the efforts have
been distributed across the various levels of higher education, few efforts have explicitly focused
upon the challenges and potential rewards of integrating such content into two year engineering
technology programs at community colleges. Such integration is especially important for
colleges within regions whose economies rely significantly upon manufacturing.
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One such institution is Cuyahoga Community College (Tri-C), which is located in Cleveland,
Ohio. Currently, the College offers several different degrees in engineering technology
(Electrical/Electronic, Biomedical, Construction, and Mechanical) with one specifically focused
in manufacturing concepts (Manufacturing Industrial Engineering Technology, or MIET). Asis
the case with many curriculums in technology, the pace of advances in industry has exceeded
that of coursework modification. Therefore, appropriate initiatives have recently been taken in
order to invest in the redevelopment of existing coursework to include the aforementioned
aspects of advanced manufacturing technology.

Courses were also introduced into the MIET program within the last decade to emphasize the
basic concepts of Industrial Design. In spite of this relatively recent addition, significant
modifications are also required within these courses in order to incorporate the impact of
sustainability concepts in the modern economy. Unfortunately, the pace of content modification
is extremely limited in two year engineering technology programs, due to both the significant
instructional workload on faculty, as well as a lack of funding to provide either release time or
required equipment.

Perhaps the most significant challenge of integrating new content into a two-year engineering
technology curriculum is the limited amount of degree credit hours available. This is especially
significant in light of recent modifications to funding in higher education within Ohio, which
shifts the funding metrics to degrees granted as opposed to enrollment. In light of this
modification, many programs have attempted to reduce the number of credit hours contained,
thereby making the addition of new content challenging. One potential solution to this problem
currently being investigated at Tri-C is the development of post-graduate certificates. While this
mechanism has been common at the graduate level, it is relatively new at the community college
level.

Another substantial barrier to integrating the concepts of SPD into educational curriculum is the
fact that some concepts are simply not well suited to be addressed in a classroom environment.
This phenomenon further emphasizes the importance of internship and co-op experience for
students. Recently, Tri-C has devoted significant attention to the betterment of the co-op
program, reorganizing a College-wide office with the responsibility of establishing collaboration
with industry and identifying opportunities for students. In addition to College-wide efforts,
departmental faculty and administration are also committed to building such industrial
partnerships.

Opportunities for Implementation Strategy of Integrating SPD in Technology Programs

Potential solutions to addressing these challenges include collaboration with both internal and
external partners, as well as the procurement of external funding. Recently, Tri-C has
demonstrated a commitment to each of these strategies. Namely, in late 2012, Tri-C applied for
and has since received 2.5 million dollars of external funding through the United States
Department of Labor in support of retraining workers impacted by global trade. This grant is not
only significant due to the amount of funding, but also in its mission to increase collaboration
between the academic offerings of the College and its workforce development.
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The title of the project is “Manufacturing Product Development Associate Degree and
Workforce Development Project.” The objective of the project is to develop and enhance the
program of study with innovative strategies. A portion of the funding will be used initially to
incorporate sustainability concepts in an introductory course titled “Technology Orientation.”
The course content development and delivery work has begun in real time.

Subsequently, in-depth sustainability principles as discussed in this paper will be integrated into
an existing capstone course “Fundamentals of Products Development and Manufacture.” This
approach to integrate sustainability concepts in existing coursework will serve as a pilot to teach
SPD without increasing the number of credit hours for the program. Learning outcome
assessment of this pilot effort should guide the next phase of integrating SPD in engineering
technology curricula.

Conclusions

Sustainable product development is a necessity for companies wishing to compete in the modern
economy. While product development processes with a sustainable focus are being implemented
in industry, little effort has been devoted to developing a generalized theory of SPD suitable for
integration within educational curriculum. The generalized SPD proposed herein consists of
both an engineering process and leadership framework, which is well suited for demonstrating to
students the broad scope of SPD within a modern enterprise. In spite of the urgency to integrate
SPD into educational curriculum, various constraints have limited its inclusion, especially at the
community college level. This is especially troublesome for colleges located within areas that
are reliant on manufacturing, such as Cleveland, Ohio, and other so-called “rust-belt” regions.
Regardless of these challenges, Cuyahoga Community College has taken initiative to modify
existing coursework in order to include the essential concepts of SPD. Further efforts are
required in order to develop curriculum capable of providing value to local manufacturers.
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