Point of view

Goncrete Technology fo
Sustainable Developmen

ith growing industrialization and urbanization, there
is a corresponding growth in world demand for clean
0 air and water, waste disposal, safe and rapid trans-
port of people and goods, residential and industrial build-
ings, and sources of energy. While humans have used many
kinds of construction materials since antiquity, portland ce-
ment concrete has clearly emerged as the material of choice
for modern infrastructure needs in the 20th century. It is not
surprising, therefore, that the concrete industry today is the
largest consumer of natural resources such as water, sand,
gravel, and crushed rock. According to one estimate, the
concrete industry is currently consuming natural aggregates
at the rate of approximately 8 billion tonnes every year. The
manufacture of portland cement, which is the commonly used
binder for modern concrete mixtures, also requires large
amounts of natural materials, as described as follows.

The world consumption of portland cement has risen from
less than 2 million tonnes in 1880 to 1.3 billion tonnes in
1996. Besides other raw materials, each tonne of portland
cement requires approximately 1.5 tonnes of limestone and
considerable amounts of both fossil fuel and electrical en-
ergy. Also, it is well-known that the production of each
tonne of portland cement clinker is accompanied by the re-
lease of approximately 1 tonne of carbon dioxide, which
is one of the gases primarily responsible for global warm-
ing. About 7% of the world’s carbon dioxide emission is
attributable to the portland cement industry.! According to
the recently concluded Kyoto Protocol to the United
Nations Framework Convention on Climate Change, many
countries have accepted legally binding commitments to
reduce the emission rates of gases contributing to global
warming by the year 2010.

Evidently, there is a rapidly growing public concern that
we can no longer continue to ignore the issues of environ-
mental pollution problems on the one hand, and the unre-
stricted depletion of natural resources on the other. A satis-
factory resolution of this concern is essential. If these issues
remain unresolved, they present a clear threat to our stan-
dard of living and, more importantly, to the entire fabric of
life support systems on which our planet is dependent. We
find ourselves approaching a milestone in human history with
the advent of the new millennium. As we enter this new cen-
tury, we might be wise to look back and reflect upon lessons

The opinions expressed in this article are not necessarily
those of the American Concrete Institute. Reader com-
ment is invited.

Fig. 1 — Foundation of an environmentally friendly
technology for sustainable development of the concrete
industry.

that can be learned from the past, and construct a vision for
the future. To advance the goal of sustainable development,
obviously a judicious balance will have to be struck between
the two equally important needs of society, namely, the in-
frastructure to support an acceptable standard of living for
most of the world’s inhabitants, and the protection of our
environment. As the most important player in infrastructural
development and a major consumer of limited natural re-
sources, the concrete industry has an obligation to incorpo-
rate environmentally sound technologies.

In this article, essential elements are identified that, in
the author’s opinion, are crucial to lay the foundation upon
which the structure of an environment-friendly concrete
technology can be built. The three essential elements of
the foundation are: conservation of concrete-making ma-
terials, enhancement of durability of concrete structures,
and a paradigm shift from reductionistic to a holistic ap-
proach in concrete technology research and education.
This concept is illustrated in Fig.1.

For the purpose of discussion, the three elements in Fig. 1
are shown as independent of each other. In reality, they are
interrelated and interdependent. For example, the enhance-
ment of concrete durability also conserves natural resources
and the holistic approach discussed as follows is necessary
to address these elements.
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Highlighting the problem

Driven by demographic pressures and fueled by technol-
ogy, the earth’s ecosystems are in crisis. To support more
and more people and to provide better living conditions for
most, the engines of the industry convert raw materials into
consumer products at an ever-increasing rate. Environmental
pollution as a byproduct of industrial activity is not a new
problem. However, the environmental crisis we now con-
front is quantitatively and qualitatively different from any-
thing faced before, simply because so many people have
been inflicting damage to the world’s ecosystem during the
present century that the system as a whole — not simply its
various parts — may be in danger. According to Gordon
and Sampat in the 1999 World Watch Institute Report, an

Table 1 — Projection of regional cement consumption, million

tonnes*
Area Year
1994 2000

Europe, including countries of

former Soviet Union e -
Asia 680 853
Middle East 65 79
Africa 63 71
North America 90 118
South and Central America 92 118
Miscellaneous 7 9
Total 1310 1625

* Adapted from: World Cement, V. 27, No. 5. May 1996.

extraterrestrial observer might logically conclude that the
conversion of raw materials into waste is the real purpose of
human activity on the planet Earth.

Another issue of considerable importance for the future is
the large disparity in the standard of living in different parts
of the world. We are divided into two worlds existing side
by side, and both are intent upon exploiting the earth’s natu-
ral resources. The first world enjoys a high standard of liv-
ing and consists of the people in North America, Western
Europe, and Japan, who comprise about 10% of the world’s
population but account for about 70% of the total energy
consumption. These economies are driven by consumerism
and generate considerable waste and pollution on a per capita
basis. The people in Asia (except Japan), Africa, and South
America, numbering almost five billion, form the second
world. For a variety of reasons, including high rates of popu-
lation growth, these latter countries are less industrially de-
veloped and have a much lower standard of living.

Judging from the number of ongoing large infrastructure
projects in Western Europe, North America, and Japan, it is
obvious that the industrially-advanced world is not slowing
down its use of the earth’s limited natural resources. At the
same time, the world of less developed countries has greatly
accelerated the pace of industrialization in pursuit of a bet-
ter life for the poor masses. It is not difficult to imagine the
end result of this process: the continuation of high rates of
consumption of natural resources on the one hand, and

correspondingly high rates of environmental pollution on the
other. Clearly, a global environmental disaster is inevitable
unless both the industrially-rich and the industrially-poor
worlds share equally in the responsibility to find and adopt
technologies for sustainable development.

Defining sustainable development

The 1992 Earth Summit in Rio de Janeiro defined sustain-
able development as economic activity that is in harmony
with the earth’s ecosystem. In an ideal world, the best way to
ensure sustainable development would be to practice a bar-
ter system with the earth’s bounty in which humans take as
little as possible of the good things and return as little as
possible of the bad things. While we may never
live up to this golden rule, we can at least try to
aim for it in all our economic and industrial un-
dertakings.

Although the glass, paper, plastics, and steel
industries have been successfully recycling some

2% of their byproducts back into the manufacturing
of new products, this is not possible in the case
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of every industry. For instance, metallurgical

1000 furnaces produce large quantities of slag, and

coal-firing power plants produce huge volumes
82 of coal ash. These byproducts cannot be recycled
back into the industries which produced them.
However, we would be following the spirit of
142 the golden rule if we were able to use the
byproducts of one industry as raw materials for
some other industries, instead of disposing them
10 in landfills and ponds. This recycling or “indus-
trial ecology” is already increasingly being prac-
ticed by the cement and concrete industries.
Much more, however, needs to be done.
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Concrete technology for sustainable
development

We have identified a foundation comprising at least three
elements that are necessary to support the structure of an
environment-friendly concrete technology for sustainable de-
velopment (Fig. 1). These elements are discussed individu-
ally as follows.

Conservation of concrete-making materials
Aggregates, cement, and water are the primary components
of concrete. It is possible to conserve large amounts of each
of these resources by the adoption of environment-friendly
technologies described in recent publications. For instance,
the published literature contains numerous case histories of
successful substitution of natural aggregate with crushed con-
crete from demolition and construction sites. Recycled wa-
ter from ready-mixed concrete plants has been satisfactorily
used as a substitute for fresh mixing water for concrete. De-
tailed coverage of this topic is not intended in this article.
However, on the matter of portland cement conservation,
which is of vital importance, the author would like to cite
two paragraphs from an earlier paper as follows.’

The goal of sustainable development for the cement and
concrete industries can be reached if we make a serious ef-
fort toward complete utilization of the cementitious and poz-
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zolanic byproducts produced by power plants and metallur-
gical industries. According to Manz,?® in 1992, 500 million
tonnes of coal ash were produced and only 32 million tonnes
were used as a pozzolan by the cement and concrete indus-
tries, which is approximately 7% of the total available ash.
The current annual production of coal ash is estimated to be
approximately 650 million tonnes, of which at least 70%, or
450 million tonnes, is fly ash or fine ash that is generally
suitable for use as a pozzolan.
The worldwide yearly rate of con-
sumption of fly ash today by the
cement and concrete industries is
estimated to be about 35 million
tonnes, which is dismally low. An-
other byproduct that is useful for
cement substitution is iron blast
furnace slag. Although the world
production of this slag is approxi-
mately 100 million tonnes per
year, its utilization rate as a cement
substitute is still low because, in
many countries, only a small por-
tion of the slag is processed into
the cementitious form.

the cementitious and pozzdlanic ‘
byproducts produced by thermal power

plants and metallurgical industries.”

is probably the ideal home for safe and economical disposal
of millions of tonnes of byproducts. Based on a study by
Schiessl and Hohberg,* Fig. 2 shows the excellent environ-
mental compatibility of a mortar made with a cement-fly
ash mixture. In a realistic leaching test (tank test), the au-
thors reported that only 0.09 mg/kg zinc and 0.15 mg/kg
chromium were leached from a cement-fly ash mortar when
the total amounts of the metals added to the mortar were 185
mg/kg and 53 mg/kg, respec-
tively. When scaled up to large
concrete members that have
much smaller surface-to-volume
ratios, these numbers would be
insignificant.

Given the overwhelming ad-
vantages that are possible from
large-scale cement replacement
by pozzolanic and cementitious
byproducts, is it really possible to
accelerate their use in the cement
and concrete industries, as advo-
cated here? In the earlier paper by
the author,? the major obstacles
preventing high rates of utilization

The author? was surprised to
make an interesting discovery that relatively huge amounts
of disposable coal ash and iron blast furnace slag happen to
be available in precisely those countries that would require
large amounts of cement in the future. For instance, China
and India together produce about 200 million tonnes of coal
ash every year. Russia and European countries, mainly Po-
land, the former Czechoslovakia, Romania, Ger-

of industrial byproducts in con-
crete, suggestions for overcoming these obstacles, and case
histories of high-volume fly ash use are discussed in detail.
Field applications of high-quality structural concrete, with
up to 60% cement replacement by ASTM Class F or Class C
fly ash, are reported by Malhotra,' and Langley and
Leaman.’ Examples of roller-compacted concrete dams

many, Spain, and the United Kingdom produce
approximately 250 million tonnes of coal ash per
year. Also, at least 50 million tonnes of the total
yearly production of 100 million tonnes of blast
furnace slag comes from China, India, and Eu-
rope. At the same time, note that nearly 440 mil-
lion tonnes of the total projected increase in the
cement consumption by the year 2005 is expected
from these countries (Table 1). It should be im-
mediately obvious that, if we can find ways to
use all or most of the available coal ash and iron
blast furnace slag, either in the form of blended

mg/kg
200}

100+

portland cement or as mineral admixtures in con- 0-
crete, we would be able to meet the projected ce-
ment demand in the year 2005 without any in-
crease in the present capacity of portland cement
clinker production. A sustainable development of
the cement and concrete industries, as defined pre-

Chromium

Mortar with addition of fly ash

. tc;tal content (a)
Ly

Zinc

leachable amount under extreme
conditions (pH=4, grain size <125um) (b)
practice oriented test (c)

(tank test; 8 leachant changes;
duration 56 days)

viously, can thus be assured. Considering the ad-
ditional ecological benefits described as follows,

Fig. 2 — Investigation of a specimen from a mortar with the addition
of fly ash; comparison of different leaching methods. *

itis hard to imagine a better solution to the problem.

Nearly 90% of the coal ash and metallurgical slag pro-
duced today end up either in low-value applications such as
landfills and road bases, or simply disposed of by ponding
and stockpiling. Disposal in this manner is not only wasteful
but also harmful to human health because these materials
contribute to land, air, and groundwater pollution. These
byproduct materials generally contain toxic metals. The con-
crete industry provides a preferred vehicle for their use/dis-
posal because most of the harmful metals can be immobi-
lized and safely incorporated into the hydration products of
cement. In fact, owing to its large size, the concrete industry

and concrete pavements for highways with 70 to 80% ce-
ment replacement of fly ash, even nonstandard fly ash,
are cited by the author in an earlier paper.®

Enhancement of durability of concrete structures

As stated above, the earth’s natural resources are conserved
when the service life of a manufactured product is pro-
longed. Recently, numerous materials and methods have
been developed for enhancement of durability of concrete
structures. Due to the high cost of materials and complex
technologies involved, they have found limited applica-

November 1999

49






