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Abstract
Construction has to support a world of continuing population growth and economic
development. At the same time, construction must pay heed to the widespread social
interest in environmental preservation. It cannot further increase its environmental impact
because it is not socially and environmentally acceptable. Yet the construction industry
has not done enough to reduce its environmental footprint. Concerted national and
international research and educational efforts are needed to change this situation.
Construction engineering and management research should benefit from a systems
perspective, and from application of standard methods and tools developed for
environmentally-conscious design, construction and management by other industries such
as the electronics, electromechanical products, and the automobile sectors. Traditional
construction engineering and management education needs to incorporate the latest
methods and tools for environmentally-conscious design, engineering and management,
and discuss relevant case studies. Educational objectives could be achieved by including
environmental modules in existing courses, developing new courses that focus on
environmentally-conscious construction, and encouraging and advising undergraduate
and graduate research projects. This paper outlines an agenda for action in research and
education.
Introduction
The world started the 20th century with 1.6 billion inhabitants. We will greet the 21st
century with 6 billion people. This tremendous increase in population places an almost
unbearable burden on the natural environment. At the same time, the 20th century brought
more global economic progress than all the prior centuries together. Every inhabitant of
our planet wants the goods and services of the developed economies. Construction is
supposed to provide the infrastructure for the ever improving lifestyle of the world
population.
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While there is much discussion about the ways to achieve progress without lowering
environmental quality and quality of life, “sustainable development” is still an elusive
goal. The construction industry, as one of the largest and most important industries and at
the same time one of the largest polluters, cannot wait until the goals of sustainable
development have been identified and tools to achieve them have proved practical. A
proactive approach is needed in research and education, precursors for lowering
environmental burdens while maintaining sustainable growth. This paper outlines an
agenda for research and education.
Research Issues
Various environmental research topics have been important for the A/E/C industry for
decades: energy conservation, indoor air quality, noise, etc. A new set of research issues
is emerging, particularly due to the progress of other industrial and service sectors in
environmentally-conscious research and practice. Society will increasingly be demanding
the same environmental performance from construction as it demands from the chemical,
automobile, electrical, electronics industries. The common themes are:










Systems perspective. Construction cannot be viewed in isolation from its
surroundings, and from its industrial and service base. The supply chain for
construction includes practically the entire economy. As construction cannot function
without energy, services, etc., the environmental analysis of construction has to
include the environmental analysis of the corresponding energy, as well as the other
sectors of the economy. The suppliers of construction may have a larger
environmental impact than construction itself.
Life-cycle perspective. Infrastructure should properly be viewed from a life-cycle
perspective. For example, design decisions at the beginning of a project have
significant long-term effects. In terms of individual life-cycle stages, operation and
maintenance, and end-of-life environmental costs of facilities may outweigh all other
costs.
Pollution prevention. Environmental remediation is typically more costly than
pollution prevention. Civil engineers, architects, construction engineers and managers
have a crucial role in determining what the life-cycle environmental loading of the
built infrastructure will be.
Durability/design life of construction products. Longer life facilities reduce
construction process requirements. However, old facilities may become functionally
obsolete. Many issues arise: For what period should facilities be designed? How do
we predict the rate of obsolescence for our facilities? What is the planning period for
the economic analysis of construction products? [Lemer 1996]
Active role. A/E/C professionals have an ethical obligation to reduce the
environmental impacts of construction, even if the largest impact is realized in the
supply chain. A/E/C practitioners and suppliers need to work together to achieve
“sustainable” construction practices.

2

The emerging research questions revolve around the main objectives of design for
environment and pollution prevention [OTA 1992, Lave 1994]:















Construction materials. Beyond the issues of embedded and saved energy,
construction materials need to be analyzed through their entire supply chain. Which
alternatives have the lowest resource inputs and environmental emissions and wastes
throughout their life-cycle? What are the reuse and recycling options, and do they
make environmental and economic sense?
Construction processes. On-site construction processes have energy, and particulate
and chemical emissions implications. Research is needed to quantify and rank these
emissions, and establish their impact on the environment and on construction
workers.
Construction machines. While the environmental authorities are regulating the last
ppm of emissions of private cars, construction machines are just now coming under
scrutiny in the U.S. Soon construction machines will face similar regulatory
requirements as on-road vehicles. What is the magnitude of emissions? What will it
cost to reduce it?
Construction design. How do we effectively communicate to A/E/C professionals the
environmental implications of material selection, design, facility siting, construction
method, etc. choices? How do environmental issues get balanced with engineering,
economic, quality and safety criteria? How do construction designs get optimized
with the triple bottom line (engineering, economics, environment) in mind?
Supply-chain management. We need to identify the environmental “weak points” in
the construction supply chain, and reduce the burden of the largest polluters costeffectively. What mechanisms do we have to work with suppliers on minimizing their
environmental burdens?
Operation and maintenance. What are the environmental implications of O&M
decisions for particular facilities, and how do we measure them? How do we improve
the O&M process to minimize environmental loadings?
End-of-life options for constructed facilities. Research is needed to determine the
engineering and management options, and economic costs of end-of-life treatment of
constructed facilities.
Habitat destruction. How do we measure habitat destruction by construction?
Esthetic pollution. How do we define and measure it?

The research issues are diverse and numerous, yet very important due to the large scale of
decisions made in the A/E/C industry.
Educational Issues
Traditional construction engineering and management education has focused on
providing instruction in achieving and maintaining the highest standards in engineering,
safety and quality of the built infrastructure at the lowest possible economic costs. Care
for environmental concerns has been opportunistic in practice: it has been observed at
construction sites if laws or regulations governed them, or if they could be achieved at
low cost.
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Construction engineering and management education needs to incorporate environmental
issues into education in a systematic way. The objectives of environmentally-conscious
construction education are:
 to provide every civil engineering student with a notion that environmental issues are
increasingly important in construction, in addition to the engineering and economic
aspects, and that construction activities have large environmental impacts
 to teach students in construction engineering and management the practical methods
and tools to lower the environmental footprint of construction design and
management
 to organize continuing education courses for construction engineering and
management practitioners to inform them about the latest developments in
environmentally-conscious construction.
These objectives can be achieved by
 including environmental modules in existing courses
 developing new courses that focus on environmentally-conscious construction
 encouraging and advising undergraduate and graduate research projects in
environmentally-conscious construction.
Incorporation of environmental modules into existing courses: This is a relatively easy
way of raising the environmental consciousness of future construction engineers. As most
civil engineering students take at least one construction engineering and management
course in their curriculum, when a specific topic is discussed in the course, the instructor
could devote extra time to including notions of the environmental impacts of construction
activities, and the possible mitigation of these impacts. For example, a discussion of
formwork design should include the life-cycle costs of utilizing reusable formwork,
contrasted to the costs of disposing of formwork at the end of its useful life. A few books
[AIA 1997, CIRIA 1994, CIRIA 1995, CIRIA 1995a] a number of journal articles (from
ENR, Civil Engineering, etc.; see, e.g., [Bossink 1996]), and a few videos (e.g., about the
Three Gorges dam in China, by the Discovery Channel) are particularly useful in these
exercises. Objectives of such modules are to provide at least some education about the
environmental impacts of construction activities, and encourage environmentally more
optimal solutions than the current practice. Such practice is already observed in the
introductory civil engineering classes at Carnegie Mellon University.
Development of new courses in environmentally-conscious construction: Students who
focus on construction engineering and management (as well as other interested civil
engineering students) will want in-depth knowledge of the magnitude, type, details and
possible solutions to environmental problems in construction. Such a course needs to
focus on pollution prevention more than on traditional environmental remediation
techniques. The course objectives could be achieved through the introduction of general
methods and tools for pollution prevention, design for environment and industrial
ecology, as well as through case studies and class projects. The courses Advanced
Techniques for Project Management and Management Principles and Practices for
Environmental Engineering in the Department of Civil and Environmental Engineering at
Carnegie Mellon have used these techniques. The instructors initially had the difficulty of
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not having enough course material. Parts of various textbooks can be used for instruction
on general methods and tools and discussion of case studies [Moavenzadeh 1994,
Graedel 1995]. Text on specific construction design and engineering problems also exists
(see, e.g., [FHWA-EPA 1993, DOT 1993, Horvath 1998a, Horvath 1998b]). Examples
from environmentally more mature industries (such as the electronics and the automobile
sectors) may also be used for illustration of basic concepts and systems approaches.
Continuing education courses are also desirable given that environmental problems may
not have been discussed in the courses that current A/E/C professionals have taken. The
aforementioned course materials could be useful for practicing professionals as well.
Undergraduate and graduate research projects in environmentally-conscious construction:
Students should be encouraged to take on research projects in construction that have an
environmental component. For undergraduate students, class projects (individual or
group) and independent studies are suitable. For example, students could analyze the
waste management practices of a construction site, following it through perhaps a couple
of courses. Graduate student research projects and theses should focus on the
identification of and solution to a current or emerging construction issue such as end-oflife responsibility of owners for construction products.
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