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Analytical theories of exergy and emergy for ecological research

FU Xiao, WU Gang “,LIU Yang (Key Laboratory of Systems Ecology . Research Center for Eco-Environmental Sciences,Chinese
Academy of Sciences, Beijing 100085,China). Acta Ecologica Sinica.2004,24(11) :2621~2626.

Abstract: Exergy and Emergy have been developed as two complementary goal functions. Quantitative applications of Exergy
for higher organisms were made with traditional thermodynamic considerations. The concept of Emergy originally came from
systems ecology. Exergy is a property of a system, measuring the maximum work that can be extracted from a system when it
goes towards the thermodynamic equilibrium with a reference state, whereas Emergy is the energy required to make a service
or product expressed in energy of one form. Exergy is a measure of the actual state, of the level of organization and of the
information content, while the concept of Emergy contains the history, the time and all the different processed involved up to
the present state of the system. Both of them have their respective characteristics on expressing the functions of ecosystems.
They represent two complementary aspects of a system. Exergy is a useful, common measure of resource quality and quantity,
applicable to both materials and energy. Therefore, Exergy can be used to measure and compare resource inputs and outputs,
such as wastes and losses. Exergy is expected to increase as ecosystems mature and form the thermodynamic equilibrium. At
the same time, Emergy is a powerful tool for determining energy flows through biological systems and for determining
sustainable economic values in the field of ecological economics. Emergy is not only a measure of what have gone into a
product, but also a measure of the useful contributions that can be expected from the product as a system self-organizes for
maximum production. Accordingly, Emergy is the work that the biosphere has to do to maintain a system far from
equilibrium. It is seams that emergy is a production side approach, where quality is measured by the cost of producing a flow or
product, while Exergy is an end-use approach, where quality is measured by the usefulness to the receiver. The two
approaches are very suitable for describing self-organizing systems such as ecosystems and even more complex systems such as
compound eco-ecosystems. Exergy and Emergy accounting can provide insight into the environmental performance and
sustainability of eco-ecological process and product. Moreover, the ratio of Exergy to the Emergy flow indicates the efficiency
of an ecosystem in producing or maintaining its organization. Considered the variation in time of Exergy and Emergy, their
ratio indicates the effect of the change of available inputs in the level of organization of the system under study. A great effort

in research is presently made to integrate the two approaches, which also present many common points.
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Table 1 Comparison of exergy and emergy analysis theory from different aspect

vl

Exergy analysis theory

Emergy analysis theory

Basis of theory

Relationship to other

thermodynamic functions

If satisfies conservation law

Maximized principle

Definition of “energy quality”

Relationship to time

Relationship to pathway of
production

[42]

Meaning of unitage

Aspect of theorization

Measure of pollutant’s influence

Measure of ecosystem’s service

Expression of ecosystem’s health

Measure of resource’s value

Appliance to simulation

Objective of research and
appliance

Relationship to produce’s price

Consideration of environmental

stress
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