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Summary

Ecotechnology and Ecological Engineering are based on ecological considerations and
attempts to optimize ecosystems and man-made systems for the benefit of both. To find
the optimal solution for the entire system the necessity for a holistic view of
environmental systems becomes apparent. Ecological Engineering should not only be
able to solve many of the society’s traditional environmental problems but should
understand well the ecosystem science and work towards the successful integration of
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the two. In the past two decades concepts, principles, methods and techniques have been
developed in the area of Ecological Engineering without yet their complete integration
into a sophisticated framework. The Ecological Engineering of the urban environment
under different names and labels (urban ecology, urban ecotechnology, etc.) grew out of
the principal concept of sustainable urban development and the extra emphasis placed
by the agenda 21 proposal of the United Nations towards the improvement of the city’s
quality of life. Unified strategies have been developed together with methods,
techniques, and scenarios for general and particular applications. A number of very
successful case studies have been reported. A more generalized methodical framework
needs to be established which will integrate the many elements and processes into a
complete environmental accounting scheme for the urban level towards future
improvements.

1. Introduction

We are approaching an age of diminishing resources, the growth of the human
population is continuing, and we have not yet found means to solve local, regional, and
global pollution problems properly. About two decades ago, ambitious goals such as
"zero discharge,” defined as the complete elimination of pollution from entering the
environment, were seriously discussed. There was a strong belief in the possibilities that
environmental technology offered. Today we have finally recognized that we cannot
achieve the complete elimination of, pollutants owing to a number of factors. First, we
have a finite quantity of resources to address to the problems of pollution control. This
is particularly true for developing countries. Second, when we offer a technological
alternative we are usually transferring the material from one medium (e.g., air) to
another (e.g., water). We must seek additional means to reduce the adverse effects of
pollution, while at the same time preserving our natural ecosystems and conserving our
nonrenewable energy resources. Ecotechnology and ecological engineering offer such
additional means to cope with pollution problems, by recognition of the self-designing
properties of natural ecosystems.

Pollution problems became widely recognized during the 1960s. Although many
billions of dollars have been invested all over the world on solutions of these problems
we are still far from an acceptable solution to many serious problems, which threaten
the survival of Homo sapiens. Some even claim that we are further from a total solution
of our environmental problems today than we were 10 to 20 years ago, owing to the
continuous growth of population and continuous disappearance of natural resources. We
must acknowledge that there are 2 billion more people on earth and that the non-
renewable resources are more limited today than 20 years ago.

We therefore need to find new ways. We have attempted to solve the problem by use of
available technology. It has partially failed. Therefore we must think more ecologically
and consider additional means. Ecotechnology and Ecological engineering is based on
ecological considerations and attempts to optimize ecosystems (including limited
resources) and man-made systems for the benefit of both. It should therefore afford
additional opportunities to solve the crisis. The limited resources and the high and
increasing human population force us to find a trade-off between the two extremes of
pollution and totally unaffected ecosystems. We cannot and we must not accept a
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situation of no environmental control, but we cannot afford zero-discharge policies
either, knowing that we do not provide one-third of the world's population with
sufficient food and housing.

All applications of technologies, whether of biotechnology, chemical technology, or
ecotechnology, require quantification. Because ecosystems are complex systems, the
quantification of their reactions becomes complex. However, ecological modeling
represents a well-developed tool to survey ecosystems, their reactions, and the linkage
of their components. Ecological modeling is able to synthesize the pieces of ecological
knowledge, which must be put together to solve a certain environmental problem.

The application of ecological modeling in engineering emphasizes the need for a
holistic view of environmental systems. Optimization of subsystems does not
necessarily lead to an optimal solution of the entire system. There are many examples
in environmental management where optimal management of several aspects of a
resource separately does not optimize management of the resource; for example, in
some governments, water quality is controlled by one agency and water quantity by
another, often leading to conflicting policies and regulations.

Ecological engineers should not only focus on solving many of society’s traditional
environmental problems, including wastewater treatment, hazardous waste cleanup, by-
product resource recovery and air quality management, but they should also be capable
of ensuring the viability and increasing the sustainability of agricultural production.
Additionally, ecological engineers should be applied ecologists, able to interact with
theoretical scientists in designing, creating and managing solutions to complex
ecological problems. Ecological engineers should be able to address issues such as
terrestrial, aquatic and wetland restoration, sustainable development, biodiversity
conservation planning, watershed sustainability analysis and ecological risk assessment.

Ecological engineers should not only be able to solve many of society’s traditional
environmental problems:

e \Wastewater treatment

e Hazardous waste cleanup

e By-product resource recovery

e Air quality management.

But ecological engineers should understand ecosystem science well enough to:
Create and manage solutions to complex ecological problems

Restore terrestrial, aquatic and wetland ecosystems

Encourage sustainable development

Conserve biodiversity

Design sustainable watershed management plans

Perform ecological risk assessment

Increasing the sustainability of agricultural production.

N

. Ecological Engineering or Ecotechnology
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2.1 Definitions

Ecological engineering or Ecotechnology is defined as the design of human society with
its natural environment for the benefit of both. It is engineering in the sense that it
involves the design of this natural environment using quantitative approaches and
basing our approaches on basic science. It is a technology with the primary tool being
self-designing ecosystems. The components are all of the biological species of the
world.

In 1962, H. T. Odum was among the first to define ecological engineering as
"environmental manipulation by man using small amounts of supplementary energy to
control systems in which the main energy drives are still coming from natural sources.
Formulas for ecological engineering may begin with natural ecosystems as a point of
departure, but the new ecosystems, which develop, may differ somewhat. ..." Then, in
1971 he developed the concept of ecological engineering in his book Environment,
Power and Society as follows: "The management of nature is ecological engineering, an
endeavor with singular aspects supplementary to those of traditional engineering. A
partnership with nature is a better term." He later states in his comprehensive work
Systems Ecology that "the engineering of new ecosystem designs is a field that uses
systems that are mainly self-organizing."

Uhlmann, Straskraba and Gnauck have defined ecotechnology as the use of
technological means for ecosystem management, based on deep ecological
understanding, to minimize the costs of measures and their harm to the environment.

Over the last four decades, others have amended the original definition as “the design of
ecosystems for the mutual benefit of humans and nature”, and “the design of sustainable
systems consistent with ecological principles that integrate human society with its
natural environment for the benefit of both”. Throughout this same period the field has
evolved, through countless investigative endeavors worldwide and diligent academic
planning at select institutions, from a simple idea into a widely demanded and well
practiced specialty of engineering, albeit informally.

2.2 Terminology

It may also be useful in discussing what ecological engineering and ecotechnology are
first to define what they are not. Ecological engineering is not the same as
environmental engineering. The environmental engineer is certainly involved in the
application of scientific principles (unit processes) to clean up or prevent pollution
problems, and the field is a well-honored one. Environmental engineers are taught and
use valuable environmental technologies called Unit operations.

Ecological engineering, by contrast, is involved in identifying those ecosystems that are
most adaptable to human needs and in recognizing the multiple values of these systems.
Ecological engineering and ecotechnology use the basic principles of science mainly to
design a better living for human society. However, unlike other forms of engineering
and technology, ecological engineering has as its reasons to be the design of human
society with its natural environment, instead of trying to conquer it. And unlike
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conventional engineering, ecological engineering has in its toolbox all of the
ecosystems, communities, organisms, that the world has to offer.

Ecological engineering and ecotechnology should also not be confused with
bioengineering and biotechnology. Biotechnology, by its very design, involves the
manipulation of the genetic structure of the cell to produce new, strains and organisms
capable of carrying out certain functions. Ecotechnology does not manipulate at the
genetic level, but considers an assemblage of species and their abiotic environment as a
self-designing system that can adapt to changes brought about by outside forces like the
changes introduced by humans or the natural forcing functions.

Biotechnology has begun with enthousiasm but now is beginning to realize the
enormous costs and concerns arising from manipulation at this micro level. In contrast,
ecotechnology introduces neither new species that nature has not dealt with before, nor
does it involve major laboratory development costs except for microcosm studies of
new combinations of organisms.

2.3 Concepts of Ecological Engineering

Misch and Jorgensen in their pioneering work on Ecological Engineering (1989) view
Ecotechnology based on the following concepts;

Concept 1: Self-Design

Ecotechnology involves an acceptance of the concept of the self-designing capability of
ecosystems and nature. We may even go so far as to say that the concept of a polluted
ecosystem is an anthropogenic view, one that may not recognize the beauty of natural
systems shifting, substituting species, reorganizing food chains, adapting as individual
species, and ultimately designing a system that is ideally suited to the environment that
is superimposed on it. The ecosystem also does another wonderful thing; it begins to
manipulate its physical and chemical environment to make it a little more palatable! It is
this self-designing capability of ecosystems that ecological engineering recognizes as a
significant feature, because it allows nature to do some of the “engineering."” We
participate as the choice generator and as a facilitator of matching environments with
ecosystems, but nature does the rest.

Concept 2: Ecosystem Conservation:

Just as an engineer depends on an abundance of tools and raw materials to design and
build products and processes, so too does the ecological engineer depend on an
abundance of species and ecosystems. Therefore it would be counterproductive to
eliminate, drain, or even disturb natural ecosystems unless absolutely necessary. These
are the environments that protect the biological diversity that the ecological engineer
may call on one day. This means that the ecotechnology approach will lead to a greater
environmental conservation ethic than has up to now been realized. It has been noted,
for example, that when wetlands were recognized for their abiotic values of flood
control and water quality enhancement in addition to the long understood values as
habitat for fish and wildlife, then wetland protection efforts gained a much wider degree
of acceptance and enthusiasm. Recognition of ecosystem values leads to conservation of
ecosystems.
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Concept 3: Solar Basis:

Because ecosystems are solar-based systems, either directly or indirectly (with the
possible exception of biological communities that have developed along vents in the
abyss of the oceans), the concept of self-sustaining systems is basic to ecotechnology.
Once a system is designed and put in place, it should be able to sustain itself indefinitely
with only a modest amount of intervention. This means that an ecosystem, running on
solar energy or the products of solar energy, does not have to depend on technological
energies as much as would high tech solutions. If the system does not sustain itself, it
does not mean that the ecosystem has failed us (its behavior is ultimately predictable). It
means that we have not designed the proper interface between nature and the
environment.

The management of ecosystems is not an easy task, but complex problems of complex
systems should not be expected to have easy solutions. Most environmental problems
require the application of environmental technology as well as ecotechnology to find an
optimal solution. This again will require a deep ecological knowledge to understand the
processes and reactions of ecosystems to possible management strategies. Recognition
of nature’s ability to self-design to its forcing function is also necessary to find the right
ecotechnological methods. Thus ecology becomes the basis of ecotechnology just as
genetics is for biotechnology, as chemistry is for chemical engineering, and so on.

All new technologies have grown from their basic science. When the basis in science
was sufficiently strong, the technology emerged. During the past two decades, the fields
of ecology and environmental science have grown very rapidly. So the time is mature
for ecotechnology to appear on the stage after waiting in the wings for several years.
Ecological engineering must be based on sound ecological methods and a thorough
understanding of ecosystems, their reactions, and their information subsystems
(species), just as biotechnology requires understanding the cell and its information
(genetic) subsystems.

3. Ecological Engineering Methods, principles, and Applications
3.1 Ecological Engineering Methods

Table 1, shows some of the ecotechnological methods and their examples that are
classified according to the engineering approach used.

Ecological Eng. approach Terrestrial Examples Aquatic Examples
Nutrient recycling Sludge disposal on agriculture | Recycling in
land wetlands

Hydrologic modification Acrtificial ponds and wetlands Control of
retention time of

reservoirs
Ecosystem recovery Coal mine reclamation Restoration of

lakes
Enhancement of Tropical forest management Bio-manipulation
ecological diversity in lakes
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Ecological sound biotic Good forestry practices Multi-species
harvest fisheries

Table 1. Examples of ecological Engineering Approaches for terrestrial and aquatic
systems (Misch and Jorgensen, 1989)

The various approaches are based upon one or more of the following considerations:
1. Ecosystems are used to reduce or solve a pollution problem that otherwise would be
very harmful to other, or other types of ecosystems. Examples are sludge disposal
and wastewater recycling in terrestrial ecosystems or wetlands.
2. Ecosystems are imitated or "copied" to reduce or solve a pollution problem, leading
to artificial ecosystems that can cope “on behalf of”, natural ecosystems. Examples
are integrated fishponds and created wetlands.

3. The recovery of ecosystems is supported after significant disturbances. Examples
are coal mine reclamation, methods for restoration of lakes and rivers, and

biomanipulation (such as the use of grass carp to reduce eutrophication).

4. Ecosystems are used for the benefit of humankind without destroying the ecological
balance, that is, utilization of the ecosystem on an ecologically sound basis. Typical
examples are the use of agroecosystems and a sound ecological basis for the harvest

of renewable resources.

3.2 Ecological Engineering Principles

- Ecosystem structure and function are determined by the forcing functions of the
system. Alterations of the forcing functions cause the most drastic changes in
ecosystems.

- Ecosystems are self-designing. The more one works with the self-designing ability
of nature, the lower the costs of energy to maintain that system.

- Elements are recycled in ecosystem. Matching humanity and ecosystems in
recycling pathways will ultimately reduce the effects of pollution.

- Homeostasis of ecosystem requires accordance between biological function and
chemical composition.

- Processes in ecosystems have characteristic time scales that may vary over several
orders of magnitude. Manipulation of ecosystem must be adapted to the ecosystem
dynamics.

- Ecosystem components have characteristic space scales. Manipulation of
ecosystems should take into account the appropriate size necessary to achieve the
desired result.

- Chemical and biological diversity contributes to the buffering capacities of
ecosystems. When designing ecosystems, one should introduce a wide variety of
parts for the ecosystem’s self-designing ability to choose from.

- Ecosystems are most vulnerable at their geographical edges. Ecological
management should take advantage of ecosystems and their biota in their optimal
geographical range.
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- Ecotones are formed at the transition zones between ecosystems. The interfaces
between human settlement and nature should be designed as gradual transition, not
as sharp boundaries.

- Ecosystems are coupled with other ecosystems. This coupling should be maintained
wherever possible and ecosystems should not be isolated from their surroundings.

- Ecosystems with pulsing patterns are often highly productive. The importance of
pulsing subsides should be recognized and taken advantage of where possible.

- Everything is linked to everything else in the ecosystem. It is impossible to manage
one components of an ecosystem without affecting other parts.

- Ecosystems have feedback mechanisms, resilience, and buffer capacities in
accordance with their preceding evolution. Existing ecosystems do not match wee
with man-made synthetic chemicals, although new emerging ecosystems can
develop to deal with them in some cases.
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