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Abstract

Sustainability is important to the well-being of our planet, continued
growth of a society, and human development. Concrete is one of the
most widely used construction materials in the world. However, the
production of portland cement, an essential constituent of concrete,
leads to the release of significant amounts of CO2, a greenhouse

gas (GHG ); production of one ton of portland cement produces
about one ton of CO2 and other GHGs. The environmental issues

associated with GHGs, in addition to natural resources issues, will play
a leading role in the sustainable development of the cement and
concrete industry during this century. For example, as the supply of
good-quality limestone to produce cement decreases, producing
adequate amounts of portland cement for construction will become
more difficult. There is a possibility that when there is no more good-
quality limestone in, say, a geographical region, and thus no portland
cement, all the employment associated with the concrete industry, as
well as new construction projects, will be terminated. Because of
limited natural resources, concern over GHGs, or, both, cement
production is being curtailed, or at least cannot be increased to keep
up with the population increase, in some regions of the world. It is
therefore necessary to look for sustainable solutions for future
concrete construction. A sustainable concrete structure is constructed
to ensure that the total environmental impact during its life cycle,
including its use, will be minimal. Sustainable concrete should have a
very low inherent energy requirement, be produced with little waste, be
made from some of the most plentiful resources on earth, produce
durable structures, have a very high thermal mass, and be made with
recycled materials. Sustainable constructions have a small impact on
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the environment. They use “green” materials, which have low energy
costs, high durability, low maintenance requirements, and contain a
large proportion of recycled or recyclable materials. Green materials
also use less energy and resources and can lead to high-performance
cements and concrete. Concrete must keep evolving to satisfy the
increasing demands of all its users. Designing for sustainability means
accounting for the short-term and long-term environmental
consequences in the design

Keywords: Concrete construction, Fly-ash, Portland cements,
Recycling, Sustainable development.

1. Introduction

According to the World Commission on Environment and Development of the United
Nations, sustainability means “meeting the needs of the present without compromising
the ability of the future generations to meet their own needs” (UNFCCC COP9 Rep.
2004). The sustainability of the cement and concrete industries is imperative to the
well-being of our planet and to human development. However, the production of
portland cement, an essential constituent of concrete, leads to the release of a
significant amount of CO2 and other greenhouse gases (GHGs) (Malhotra 2004). The
environmental issues associated with CO2 will play a leading role in the sustainable
development of the cement and concrete industry during this century. One of the
biggest threats to the sustainability of the cement industry is the dwindling amount of
limestone in some geographical regions.. Limestone is essential to the production of
Portland cement. As limestone becomes a limited resource, employment and
construction associated with the concrete industry will decline. Therefore, those
involved with these industries must develop new techniques for creating concrete with
minimal use of limestone. Not only is concrete production a valuable source of societal
development, but it is also a significant source of employment. Concrete is the world’s
most consumed man-made material. It is no wonder that in the United States alone,
concrete construction accounted for 2 million jobs in 2002 (H. R. 394 2004). About 2.7
billion m3 of concrete were produced in 2002 worldwide. This equals more than 0.4
m3 of concrete produced per person annually. Therefore, not only to create sustainable
societal development but also to sustain employment—such as batch plant operators,
truck drivers, ironworkers, labourers, carpenters, finishers, equipment operators, and
testing technicians, as well as professional engineers, architects, surveyors, and
inspectors—the concrete industry must continue to evolve with the changing needs and
expectations of society worldwide.

2. What is Sustainability for Concrete Industry?
Limestone is used to manufacture portland cement and it is also used as aggregate in
concrete. Currently, portland cement is the most commonly used material in producing
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concrete. Some geographical regions are running out of limestone resources to produce
cement. And major metropolitan areas are running out of materials to use as aggregates
for making concrete. Sustainability requires those in the construction industry to
consider the entire life cycle—including construction, maintenance, demolition, and
recycling of buildings (McDonough 1992; Worrell and Galtisky 2004).

A sustainable concrete structure is one that is constructed so that the total societal
impact during its entire life cycle is minimal. Designing with sustainability in mind
includes accounting for the short-term and long-term consequences of the structure. To
decrease the long-term impact of structures, the creation of durable structures is
paramount.

Building in a sustainable manner and scheduling appropriate building maintenance
are significant in the “new construction ideology” of this new century. In particular, to
build in a sustainable manner means to focus attention on the effects on human health,
energy conservation, and physical, environmental, and technological resources for new
and existing buildings. It is also important to take into account the impact of
construction technologies and methods when creating sustainable structures
(McDonough 1992). An integrated sustainable design process can reduce project costs
and operating costs of the building or the infrastructure construction.

Many challenges are associated with portland cement production. Of these, energy
and resource conservation, the cost of producing portland cement, and GHG emissions
are the most significant. Therefore, supplementary cementing materials such as fly ash
and ground granulated blast-furnace slag should replace larger amounts of portland
cement in concrete. However, before any construction occurs, all aspects of the
building materials to be used should be evaluated. To build structures and
infrastructures that are cost-efficient, environmentally friendly, and durable, the impact
of the building materials on local and worldwide air conditions must be examined
(McDonough 1992). At the current rate of increase of cement production (USGS 2006,
2007), worldwide cement production is expected to rise from about 2.5 billion t in
2006 to about 5 billion t by 2020. Thus, CO2 emission caused by portland cement
production is expected to rise by 100% from the current level by 2020.

For each metric ton of Portland cement clinker, 1.5 to 10 kg of NOx is released
into the atmosphere. In 2000, worldwide cement clinker production was approximately
1.5 billion t. In 2000, between 2.3 and 15 million t of NOx were produced to make
portland cement clinker. Clinker production in the United States was about 85 million t
in 2005 (PCA 2006) ; and therefore, about 125 to 850 thousand t of NOx were
produced in the United States to make portland cement. If the challenges associated
with reducing CO2, NOx, and other GHGs are to be met, then the concrete industry
must develop other materials to replace portland cement. The use of blended cements
and organic chemical admixtures must be significantly increased for sustainability of
the cement and concrete industries.
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3. Concrete

For more than 200 years, concrete has been accepted for its long-lasting and
dependable nature. In addition to durability and dependability, concrete also has
superior energy performance, is flexible in design, is affordable, and is relatively
environmentally friendly (Cement Association of Canada 2004). It can be expected
that concrete will be needed to increase industrialization and urbanization while
protecting the environment (Milwaukee Journal Sentinel 2006). To do this, the
concrete industry should consider recycling industrial by-products such as fly ash
safely and economically. When industrial by-products replace cement, even up to 70%,
in concrete, the environmental impact improves along with the energy efficiency and
durability of concrete (Naik et al. 2003).

Concrete is a building material that is not only strong and durable but can also be
produced in ways that are environmentally friendly and architecturally moldable in
esthetically pleasing forms (National Building Museum 2004). With sustainable
concrete structures and infrastructure, the concrete industry can develop a sustainable
future for generations to come. Furthermore, buildings that are constructed to be both
durable and environmentally friendly often lead to higher productivity because the
buildings generally lead to better air quality and therefore higher productivity. One
example of the advantage of sustainable concrete is buildings constructed with
concrete that have reduced maintenance and energy costs. Another is concrete
highways, which reduce the fuel needed for heavily loaded trucks. A third example of
the benefits of sustainable concrete construction is illustrated in insulating concrete
homes that have energy reductions of up to 40% (Cement Association of Canada
2004).

The cement and concrete industries can make substantial contributions to
sustainable development by creating and adopting technologies that can reduce the
emissions of greenhouse gases.

A number of characteristics apply to innovative concrete products. First, they are
produced with precast or cast-in-place reinforced concrete elements that are made with
portland cement and pozzolonic materials that include renewable components,
recycled components, or both. Second, innovative concrete products are constructed to
enhance the performance of concrete elements, which may also contain recycled
concrete as aggregates. High-performance materials are intended to reduce cross
sections and the volume of concrete produced. They are also intended to increase the
durability of concrete structures to minimize the maintenance needs of the concrete
construction and limit the amount of non-renewable special repair materials that need
to be used in maintaining the concrete (Coppola et al. 2004).

According to Construction and Demolition Debris (2003), the United States
produced 140 million t of construction and demolition (C & D) debris, about 1.4 kg per
person per day, in 2002. About 25 to 40% of landfill space is C & D debris (McKay
2004). If this trend continues, the cost of landfilling will continuously increase, as will
the potential health and environmental risks of landfill materials. Furthermore, the cost
of landfilling is escalating because of shrinking landfill space and stricter
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environmental regulations. Such C&D debris 'e.g., concrete, as well as gypsum
wallboards from C&D debris" can be recycled to make new concrete; in addition,
waste glass when finely ground can also be recycled and used as a pozzolonic material.
A study was reported in 1999, the aim of which was to evaluate the environmental
impact of controlled low-strength materials (CLSM) incorporating cement and
industrial by-products such as coal fly ash and used foundry sand (Naik and Kraus
1999). The results demonstrated that excavatable flow able slurry incorporating fly ash
and foundry sand as a replacement for up to 85% of fly ash could be produced. In
general, including both clean and used foundry sand caused a reduction in the
concentration of certain contaminants. The use of foundry sand in flow able CLSM
slurry therefore provided a favourable environmental performance.

4. Portland Cement

Portland cement is not an environmentally friendly material, because its manufacture
creates greenhouse gas emissions; it also reduces the supply of good-quality limestone
and clay. As good engineers, we must reduce the use of Portland cement in concrete
(Malhotra 2004). We must use more blended cements to reduce the need for Portland
cement clinker per metric ton of blended cement produced by blending with the clinker
other PMs, such as coal or wood fly ash, slag, silica fume, and such other PMs as
finely ground waste glass. As a cement production feed material, instead of clay,
industrial by-products such as used foundry sand or coal combustion products (CCPs)
such as fly ash should be used in the optimum possible quantity.

The most energy-intensive stage of portland cement production is during clinker
production. It accounts for all but about 10% of the energy use and nearly all of the
GHGs produced by cement production. Kiln systems evaporate inherent water from
the raw meal and calcine the carbonate constituents during clinker pre-processing
(Worrell and Galtisky 2004). Sources of CO2 and GHG emissions in the
manufacturing of portland cement (Malhotra 2004) are as follows:

e From calcinations of limestone = 50-55%.

e From fuel combustion = 40-50%.

e From use of electric power = 0~10%.

5. Innovative Cement Products
Although the embodied energy linked to concrete production is low, PMs, especially
coal fly ash, have been used by the concrete industry for more than 70 years. Their use
can contribute to a further reduction of concrete’s embodied energy. When used wisely
and judiciously, PMs can improve the long-term properties of concrete. Fly ash can
and does regularly replace portland cement in concrete (Mehta 2002; Naik et al. 2003;
Malhotra 2004).

One process that is even more environmentally friendly and productive is the use
of blended cements. Blended cements have been used for many decades. Blended
cements are made when various amounts of clinker are blended or interground with
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one or more additives, including fly ash, natural pozzolonas, slag, silica fume, and
other PMs. Blended cements allow for a reduction in the energy used and reduce GHG
emissions (Malhotra 2004; Mehta 2002).

Most innovative concrete mixtures make use of PMs to partially replace cement.
The advantages of blended cements include increased production capacity, reduced
GHG emissions, reduced fuel consumption in the final cement production, and
recycling of PMs (Worrell and Galtisky 2004; Cement Association of Canada 2004).
The manufacture of portland cement is the third most energy intensive process, after
aluminium and steel manufacture. In fact, for each metric ton of Portland cement,
about 5-1/2 million BTU of energy are needed (Naik and Kraus 1999).

Although cement production is energy-inefficient, major initiatives have reduced
energy consumption (Worrell and Galtisky 2004). Of these, the most significant has
been the replacement of wet production facilities with dry processing plants. In
addition, the cement industry has also moved away from petroleum-based fuel use.

Despite these advances, some shortcomings still exist when energy use is evaluated
for the concrete industry. Dry process cement plants use preheaters, which increase the
alkali content of cement (Worrell and Galtisky 2004). Thus, cement producers need to
continue to develop ways to control the alkali content without increasing the energy
consumption levels of the cement (Coppola et al. 2004). Furthermore, current
innovations and energy savings are linked to the amount of energy consumption by
converting wet-process to dry-process cement production and the number of preheaters
needed to complete the process (Worrell and Galtisky 2004). For each million metric
ton of capacity, a new Portland cement plant costs more than $225 million. The cost
associated with producing portland cement, along with the CO2 emissions and energy
issues, makes it unlikely that developing countries will be able to employ modern
technology to reduce GHGs. Also, government regulations of GHGs will likely force
the cement industry to create blended cements and use supplementary materials for
blended cements to meet societal development needs (Malhotra 2004; Worrell and
Galitsky 2004).

To produce 1 t of portland cement, 1.6 t of raw materials are needed (Wu 2000).
These materials include good-quality limestone and clay. Therefore, to manufacture
the current worldwide production of 2.5 billion t of cement annually (USGS 2007), at
least 4 billion t of raw materials are needed. As good engineers, we must employ
environmentally friendly materials to reduce the use of portland cement by replacing a
major part of portland cement with PMs for use in concrete. In the United States, such
materials—primarily fly ash, slag, silica fume, natural pozzolonas, rice-husk ash, wood
ash, and agricultural- products ash—are available for up to 70% replacement (Naik et
al. 2003). All these materials can be used to supplement the use of cement in concrete
mixtures while improving the concrete product durability. One of the important
benefits of the increased use of other types of cementitious materials Isuch as PMs" is
the reduction of GHG emissions. With replacement of cement with other recyclable
resources, worldwide CO2 emissions would be reduced. A replacement of 50% of
cement worldwide by other cementitious materials would reduce CO2 emissions by
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more than 1 billion t. This is equivalent to removing approximately one-quarter of all
automobiles in the world (Malhotra 2004). Fly ash production in the United States in
2005 was estimated at 64 million t by the American Coal Ash Association (ACAA
2006); by 2010 it is estimated to be 70 million t. Portland cement use in the United
States in 2005 was estimated at more than 125 million t; by 2010 it is estimated to be
140 million t (PCA 2006). The fly ash disposal challenge and the limited availability of
Portland cement have the same solution: replace large amounts of Portland cement
with fly ash to create durable and sustainable concrete.

6. Waste Materials

Engineers, architects, planners, and builders should reuse industrial by-products and
postconsumer wastes in concrete and other cement-based construction materials.
Postconsumer wastes that should be considered for use in concrete include glass,
plastics, tires, demolished concrete, and clay bricks. To do this successfully, designers
must watch for harmful hydration reactions of portland cement and changes in the
volume of concrete. The recycling of industrial by-products has been well established
in the cement and concrete industries over the past several decades (UWM-CBU
2007). The use of coal fly ash in concrete began in the 1930s, but volcanic ash has
been used in mortar and primitive concrete for several millennia in Egypt, ltaly,
Mexico, and India. The use of by-products such as rice-husk ash, wood ash, silica
fume, and other pozzolonic materials, in addition to coal fly ash, can help reduce the
need for portland cement in addition to creating more durable concrete and reducing
greenhouse gas emissions (Malhotra 2004; Mehta 2002; ACI 2004). This will also
contribute to the improvement of air quality, reduction of solid Wastes, and
sustainability of the cement and concrete industry (Mehta 2002).

In summary, for sustainability of the cement and concrete industries, use less
portland cement; use less water; use application-specific high-quality, durable
aggregates; and use organic chemical admixtures. Fundamental laws of nature state
that we cannot create or destroy matter; we can only affect how it is organized,
transformed, and used. To manage natural resources, humanity must obey the rules of
nature: use only what you need and never use a resource faster than nature can
replenish it. Resources are extracted from the earth at a rate of 20% more than the earth
produces. Therefore, what is consumed in 12 months will take 14.4 months to be
replenished. The use of sustainable development procedures will reduce that rate (Time
Magazine 2002). “The issue is not environment vs. development or ecology vs.
economy; the two can be (and must be) integrated” (Ricoh Company 2004).

7. Conclusion

Professionals involved in the cement and concrete industries have the responsibility to
generate lasting innovations to protect the industries’ future viability, as well as the
health of our environment. Large volumes of by-product materials are generally
disposed in landfills. Because of stricter environmental regulations, the disposal costs
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for by-products are rapidly escalating. Recycling and creating sustainable construction
designs not only contribute to reduced disposal costs but also aid in conserving natural
resources. This conservation provides technical and economic benefits. It is necessary
for those involved in the cement and concrete industries to eliminate waste and take
responsibility for the life cycle of their creations. To be responsible engineers, it is
necessary to think about the ecology, equity, and economy of our design (McDonough
1992).

Engineers must apply forethought into direct and meaningful action throughout our
development practices. Sustainable designs must be used as alternatives and as better
approaches to traditional designs. The impacts of every design choice on the natural
and cultural resources of the local, regional, and global environments must be
recognized in the new design approaches developed and used by the cement and
concrete industries.

8. Acknowledgement

The authors would like to thanks their concerned institute for their support to prepare
and present the paper. Also, the authors would like to thanks their parents and family
members for their kind support.

References

[1] ACI Board Advisory Committee on Sustainable Development. (2004). “White
paper.” ACI, Detroit.

[2] American Coal Ash Association (ACAA). (2006).CCPs survey,
<http://www.acaausa.org/PDF/2005_CCP_Production_and_Use_Figures_Rele
ased_by ACAA.pdf" (May 2007).

[3] Bourg, J. (2004). “Water conservation.”
<http://www.whdg.org/design/resource.php?cn!0&cx!0&rp!50> (May 2007).

[4] Cement Association of Canada. (2004). “Concrete thinking for a sustainable

future.” http://www.cement.ca/cement.nsf/e/
6ABDCDE126A87A6C85256D2E005CC53B?0OpenDocument” (Nov.15,
2005).

[5] “Construction and demolition debris.” Solid Waste Digest, 13(7-8).

[6] Coppola, L., Cerulli, T., and Salvioni, D. (2004). “Sustainable development
and durability of self-compacting concretes.” 8th CANMET/ACI Int. Conf. on
Fly Ash, Silica Fume, Slag and Natural Pozzolans in Concrete, 29-50,
Thttp://www.cbu.uwm.edu™ (June 30, 2004).

[7]1 Malhotra, V. M. (2004). *“ Role of supplementary cementing materials and
super plasticizers in reducing greenhouse gas emissions.” Proc.,ICFRC Int.
Conf. on Fiber Composites, High-Performance Concrete, and Smart
Materials, Indian Institute of Technology, Chennai, India, 489-499.



Sustainability in the Concrete Construction 89

[8]

[9]
[10]

[11]

[12]
[13]
[14]
[15]

[16]

[17]

McKay, D. T. (2004). * Sustainability in the Corps of Engineers.” Technical
session sponsored by ACI Board Advisory Committee Developments,
Washington, D.C.

Mehta, P. K. (2002). “ Greening of the concrete industry for sustainable
development.” ACI Concrete International, 24!7", 23-28.

Naik, T. R., and Kraus, R. N. (1999). “ The role of flow able slurry in
sustainable developments in civil engineering.” Proc., ASCE Conf. on
Materials and Construction—Exploring the Connection, ASCE, Reston, Va.,
826-834.

Naik, T. R., Kraus, R. N., Ramme, B. W., and Siddique, R. (2003). “ Long-
term performance of high-volume fly ash concrete pavements.” ACI Mater. J.,
100(2), 150-155.

National Building Museum. (2004). “Liquid stone: New architecture in
concrete.” National Building Museum, Washington, D.C.

Portland Cement Association (PCA), (2006). North American cement
industry annual year book—2006, PCA, Skokie, III.

“Sustainable developments: Planning for our future.” Time Magazine, (2002)
p. A8.

University of Wisconsin-Milwaukee, Center for By-Product Utilization
(UWM-CBU). (2007). <http://www.cbu.uwm.edu/" May 2007>.

Worrell, E., and Galtisky, C. (2004). “Energy efficiency improvement and
cost saving opportunities for cement making.” Lawrence Berkeley National
Laboratory Publication LBNL-54036.

Wu, Z. (2000). “Development of high-performance blended cement.” Ph.D.
thesis, Dept. of Civil Engineering and Mechanics, College of Engineering and
Applied Science, Univ. of Wisconsin—-Milwaukee.






