Emergy and Exergy
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i=n
Em = 2 Qi *ci 1
1=
where

Qi is the quality factor = transformity (seJ/]), which is the conversion to
solar equivalents, as illustrated in Table 2
ci is the concentration expressed per unit of area or volume



TABLE 2
Embodied Energy Equivalents for Various Types of Energy

Embodied Energy Equivalents

Type of Energy/Item or Transformity (se]/])
Solar energy 1.0
Winds 315
Gross photosynthesis 920
Coal 6,800
Tide 11,560
Electricity 27,200
Kinetic energy of spring flow 7,170
Detritus 6,600
Gross plant production 1,620
Net plant production 4,660
Herbivores 1,27,000
Carnivores 4,090,000
Top carnivores 40,600,000
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According to this definition, eco-exergy density becomes



i=n

Ex = RTZ; ciIn—L = [ML'T?] 2

Cio

where

R is the gas constant

T is the temperature of the environment, while ¢, is the concentration of
the ith component expressed in a suitable unit, for example, for phyto-
plankton in a lake ¢, could be expressed as mg/L or as mg/L of a focal
nutrient

C;o 1 the concentration of the ith component at thermodynamic equilibrium

n is the number of components

Selection of Ecological Indicator
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. Eutrophication: The transparency, which is easily understood by lay-

men, should pr be supplemented by indication of phytoplankton
concentration as biomass mg/L or as chlorophyll a in mg/m?. Also
the maximum primary production as mg C/((m?or m?) 24 h) and/or as
g C/((m? or m?) year) would be very informative, although it is prob-
ably not the most understandable indicators for laymen.

. Toxic substances: The concentration of the toxic substance in the water,

sediment, and organisms late in the food chain. Due to biomagnifi-
cation, it is recommended to use the concentration in carnivorous
fish or in birds, when the concentration in the water is low and there-
fore very uncertain.

. Siltation: Transparency and concentration of suspended matter in the

water. It is recommended to determine the total amount of silt flow-
ing to the lake per unit of time.

. Water level: The water depth supplemented with calculations of the

total volume of water in the lake as function of time. It may also be
relevant to follow the oxygen concentration.

. Acidification of freshwater ecosystems: pH, alkalinity, and pH-buffer

capacity of the water.

. Introduction of exotic species: The concentration of the introduced spe-

cies and all the species that are influenced directly by the introduced
species. For instance, when the Nile Perch was introduced in Lake
Victoria it would have been relevant to follow also the concentration
of Tilapia and Haplochromis.



