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Abstract

Ternary diagrams are presented as graphic tools to assist environmental accounting and environmental decision-making based
on emergy analysis [Odum HT. Environmental accounting e emergy environmental decision making. John Wiley & Sons; 1996. 370

pp. [1]]. Beyond the unquestionable advantages of graphic interpretation over table analysis, the use of ternary diagrams or phase
diagrams, widely used for physical chemistry evaluation of three component systems, permits the use of phase diagram properties to
assess the dependence of the system upon renewable and non-renewable inputs, the environmental support for dilution and

abatement of process emissions and the system efficiency. The prompt visualization of the emergy accounting data makes possible
to compare processes and systems with and without ecosystem services, to evaluate improvements and to follow the system
performance over time. With the aim of ternary diagrams, aspects such as the interaction between systems and the interactions

between systems and the environment can be readily recognized and evaluated.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Environmental indicators based on emergy account-
ing can be calculated and used to evaluate the relation-
ships among components of anthropogenic systems and
the resources needed to produce goods and services,
such as industrial products, of these systems [1]. These
indices and ratios depend upon the fraction of renew-
able and non-renewable inputs and on purchased inputs
locally available or imported from outside the system.
Taking into account the carrying capacity of the
environment, indices can provide valuable information
about the development and operation of economic
systems within this environment. Emergy based indices
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provide practical information about the quality of
inputs and outputs, the thermodynamic efficiency of
the system, and especially about the interaction between
the system and environment in which it is inserted.

Environmental assessment based on emergy takes into
account the rate of natural resources use, their efficient
exploitation, the carrying capacity of the environment
and the production of wastes and pollutants, which
determine the global sustainability of a system. The
indices and ratios that arise from emergy analysis are
able to account for both ecological and economic
contribution and their use may enable international
comparability. However, a lack for a clear and uniform
representation of these indices can make the confronta-
tion of different data troublesome and intricate.

Several models have been proposed to represent
graphically environmental indicators. The ISSE index
(Integrated Italian Sustainability Index) was introduced
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by the Institute of Sustainable Development and is
based on three pillars: welfare, environmental quality
and resource use [2]. A multidimensional vector pre-
sentation is used to show the role of each index
component being the ISSE index the average of three
values. This representation uses a normalization ap-
proach that introduces the concept of distance to target.
Values of welfare, environment and resource use indexes
and can be followed through a time series represented
in a circle. Jalal and Rogers [3] developed a graphical
representation of the change of the environment using
the concept of environmental elasticity, defined by the
ratio between the aggregate environmental change and
the aggregate economic change. The graphical repre-
sentation shows four quadrants in which systems or
countries are located in an economiceenvironmental
space to illustrate the use of the diagrams. In the first
quadrant, economic and environmental changes are
both positive and this is the most preferred situation.
The third quadrant represents the worst situation when
economic and environmental changes are both negative.
The principal merit of the environmental elasticity is its
dynamism. It uses data from two points at a time to
compute economic and environmental changes for both
aggregates within a time period.

The environmental diamond is another graphical
representation that focuses the state of the environment
in a given lapse of time. In a simple version, the
diamond shows how the environment depends on the
four principal environmental components: air, water,
land and ecosystem [3]. The environmental diamond,
constructed with selected appropriate variables, namely,
energy consumption, population with safe drinking
water, fertilizer use and forest cover, is drawn on the
Cartesian system of axes using relative values. The result
is a square diamond where the overlay data values
reflect the situation of individual systems, such as
countries or regions.

A graphical representation of the indices obtained
by emergy accounting was also reported [4,5]. Ulgiati
and Brown have plotted the ratios N/FZ y (NI) and
R/FZ h (ETA) to the economic investment F, being N
the local non-renewable resource flow and R the
renewable resource flow. Three-dimensional plots rep-
resenting the indices environmental loading ratio (ELR),
environmental yield ratio (EYR) and sustainability
index (SI) against y and h, called exploit functions,
were used to evaluate the amount of investment required
to exploit a local renewable or non-renewable resource.
The resulting surfaces can provide additional informa-
tion about the indices and it is possible to simulate
conditions where the amount of inputs is changed.

Ternary diagrams have been used to represent Life
Cycle Assessment results graphically [6]. The sides of the
mixing triangle were associated to three weighting
factors: WEQ, the weighting factor for the damage to
ecosystem quality, WHH, the weighting factor for the
damage to human health and WR, the weighting factor
for the damage to energy resources, each one varying
from 0 to 100%. The graphical representation can be
used to assess two product alternatives based on their
emissions to the environment and on the corresponding
damages. Lines of indifference are calculated by de-
termining points where the eco-index is equal for both
products. A freeware tool that calculates and draws such
triangles with indifference lines can be downloaded from
http://www.pre.nl/ecoindicator99.

In this work, ternary diagrams are presented as
graphic tools to assist environmental accounting and
environmental decision-making based on emergy analy-
sis. Ternary diagrams are here called tools instead of
graphical representation because they offer not only
possibilities for data interpretation, but also permit data
treatment. The use of ternary diagrams, widely in areas
such as chemistry, geology and metallurgy, permits the
use of the inherent properties of triangular diagrams to
assess the dependence of the system upon renewable and
non-renewable inputs, the environmental support for
dilution and abatement of process emissions and the
system efficiency. The prompt visualization of the
emergy accounting data makes it possible to compare
processes and systems with and without ecosystem
services, to evaluate improvements and to follow the
system performance over time. With the aim of ternary
diagrams, aspects such as the interaction between
systems and the interactions between systems and the
environment can be readily recognized and evaluated.

2. Emergy accounting

Odum claims in the introduction of his book that: ‘‘A
science-based evaluation system is now available to
represent both the environmental values and economic
values with a common measure. EMERGY, spelled with
an ‘m’, measures both the work of nature and that
of humans in generating products and services’’ [1].
Emergy is the energy memory or the total energy
embodied in any product or service. It is defined as the
sum of all inputs of energy needed directly or indirectly
to make any product or service [1]. The use of a common
basis (solar equivalent joules, seJ) permits to account all
the energy contributions to obtain a certain product or
service. The relationship between emergy and energy is
given by the transformity (seJ/J), which is the emergy
needed to obtain 1 J of a product or service, directly or
indirectly. In some cases, it is convenient using emergy
per unit, such as mass, to transform the accounted
quantities in emergy.

The values of emergy and transformity are path
dependent, that is, they are susceptible to the material
and energy used at each step of the production process.

http://www.pre.nl/ecoindicator99
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The transformities of ecological services and products
have been estimated by Odum [1,7], but the trans-
formities of industrial products and services depending
on selected raw material must be evaluated case by case.
A typical emergy flow diagram for an industrial process
is shown in Fig. 1.

The emergy flows represent three categories of
resources: R as renewable resources, N as non-renewable
resources and the inputs from the economy, F. All three
categories are fundamental for the emergy accounting
and for the understanding of the system interactions
with the environment. The R and N flows are provided
by the environment and are economically free, but while
the renewable resources can be replaced at least at the
same rate as they are consumed, the non-renewable
resources are depleted faster than their ability of re-
cuperation. The economic inputs, F, are provided by the
market and related to fluxes that are accounted by the
economy. The outputs, Y, may include products,
services and also emissions that are released to the
environment.

The vast majority of studies employing emergy
analysis include the three types of resources, but recently
some researchers have quantified the environmental
support for dilution and abatement of process emissions
[8], evaluated the human work to treat industrial and
urban wastes [9e11].

Most man made systems are based on the misuse
of locally available resources, R and N, and on an
imported emergy investment F. The emergy flows,
shown in Fig. 1, permit to calculate different indices
that can help to examine and supervise a production
system. A complete inventory of the emergy based
indicators cannot be provided here, but complete
information can be found in [1,12e15]. In this paper
four indicators will be defined to assist the discussion:
the environmental loading ratio (ELR), the emergy yield

Fig. 1. Emergy flow chart for local renewable emergy inputs (R), local

non-renewable inputs (N ), purchased inputs from outside the system

(F ) and system yield (YZ RC N C F ).
ratio (EYR), the emergy investment ratio (EIR) and the
emergy index of sustainability (SI).

The ELR is an indicator of the stress of the local
environment due to the production activity. It is the ratio
of the economic inputs (F ) and local non-renewable
emergy (N ) to free environmental emergy, R (Eq. (1)).

ELRZ
NCF

R
ð1Þ

Eq. (1) shows that the lower the portion of renewable
emergy used the higher the pressure on the environment.

The emergy yield ratio, EYR, is the ratio of the
emergy of the output to the emergy of economics inputs,
F, and represents the emergetic return on economic
investment (Eq. (2)).

EYRZ
Y

F
Z

RCNCF

F
ð2Þ

This indicator computes the process ability to profit
from local resources. The lower the portion of the
economic input (F ) the higher is this ability. However,
this index does not differentiate local and imported
resources.

The EIR shows the relation between the emergy
of the economic inputs with those provided by the
environment, renewable or not (Eq. (3)).

EIRZ
F

NCR
ð3Þ

The SI arises from the ratio of EYR to ELR, which is
a sustainability function for a given process or economy.
The fact that it is preferable to have a higher emergy
yield per unit of environmental loading defines this
index, that evidences if a process offers a profitable
contribution to the user with a low environmental
pressure (Eq. (4)) [4].

SIZ
EYR

ELR
Z

Y=F

ðNCFÞ=R ð4Þ

3. Phase diagrams

Phase diagrams are used to describe equilibrium
situations in which two or more phases of matter exist
together in pure substances or in solutions. They are
widely used in the physical sciences, especially in the
fields of metallurgy, materials science, geology, and
physical chemistry. The ternary diagrams were proposed
by Gibbs and Roozeboom for the analysis of mixed
components [16].

Most commonly, three fractions or proportions add
to 1, or three percents add to 100. The constant sum
constraint means that there are just two independent
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pieces of information. Hence, it is possible to plot
observations in two dimensions within a triangle. This
type of diagram is three-dimensional but is illustrated
in two dimensions for ease of drawing and reading.
Triangular plots appear under various names in the
literature, including trilinear, triaxial, three-element
maps, ternary, reference triangles, percentage triangles
and mixing triangles.

An emergetic ternary diagram has three components,
R, N and F (Fig. 2). These components can be
represented in an equilateral triangle; each corner
represents an element, and each side a binary system;
ternary combinations are represented by points within
the triangle, the relative proportions of the elements
being given by the lengths of the perpendiculars from
the given point to the side of the triangle opposite to the
appropriate element (Fig. 2a). Hence, the ‘‘composi-
tion’’ of any point plotted on a ternary diagram can be
determined (or any point can be plotted) by reading
from zero along the basal line (axis) at the bottom of the
diagram to 100% at the vertex of the triangle. In Fig. 2b
the point A represents a system composed by three
inputs: 16% of F, 62% of N and 22% of R. This device
is possible because the sum of such perpendiculars is
independent of the position of the point.

Ternary diagrams show important properties. When
two different ternary compositions, represented by
points P and Q within the triangle, are mixed, the
resulting composition will be represented by a point X
called here ‘‘simergic’’ point (see Section 3.1), which lies
at some point on the segment PQ (Fig. 2c).

Another important property of triangular diagrams is
the significance of a straight line joining an apex to

1

0

(a)

0.62

0.16

0.22

A

(b)

0.16

0.22

A

0.32

0.44

B

(d)

P
X

Q

(c)

Fig. 2. Representation of (a) a ternary diagram, (b) a general A system,

(c) an X system composed by the combination of P and Q systems and

(d) the sensitivity line.
a point on the opposite edge (Fig. 2d). Any point along
the indicated line represents a composition that is
progressively poorer in N, as it passes from A to B,
but R and F remain present at the same initial
proportion. Therefore, if one wishes to represent the
changing composition of a system A as %N diminishes,
all that is necessary is to draw a line from the apex N
passing through point A. Any ternary system formed by
adding or subtracting N from the former composition
lies at some point of this line, called here ‘‘sensitivity
line’’ (see Section 3.1).

3.1. Methodology

An application composed by two Excel archives was
developed with routines written using Visual Basic for
Applications. Each apex of the ternary diagram was
related to a resource flux: R (renewable), N (non-
renewable) and F (purchased). In order to exploit the
basic properties of the diagrams, relative values were
calculated and used instead of absolute ones, which do
not alter indexes values. In this way, a point on the
interior of the triangle can describe any product, process
or service.

One of the Excel archives is used for data entrances,
with capacity to present 10 products simultaneously,
and capable to compute 50 items for each product or
service (Fig. 3).

The second archive captures the data, performs the
needed calculations and plots the results in the ternary
diagram presenting a point for each product or process
(Fig. 4). Each point can be selected or unselected
according to the analysis to be performed and the size of
each point can be proportional to the total emergy of the
product that it represents. The triangular coordinates
were chosen with R coincident with the y-axis of the
Cartesian system and at the bottom of the triangle.
N lies on the left apex and F on the right apex.

Auxiliary lines were defined and can be selected or
unselected to facilitate analysis: resource flow lines,
sustainability lines, sensitivity lines and the symergy
point (Figs. 2 and 5).

3.1.1. Resource flow lines
These lines can be selected to indicate constant values

for each resource flow (R, N or F ). These lines are
parallel to the triangle sides and are very useful to
compare the use of resources by products or processes
(Fig. 5a). As the sum of R, N and F equals 100%, the
indices EYR and EIR can be related to the component F
and the corresponding line F, parallel to the RN side, is
representative of the values of both indices as follows:

EYRZ
100

F
ð6Þ
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Fig. 3. Excel archive for data entrances.
EIRZ
F

100�F
ð7Þ

In the same way, the environmental loading can be
expressed by the fraction of renewable emergy used by
a process.

ELRZ
100�R

R
ð8Þ

According to Ulgiati and Brown [8], EYR values
below 5 denote primary materials, such as cement and
steel, and secondary energy resources. Primary energy
resources usually have EYRO 5 and processes with
environmental yield ratio less than 2 do not contribute
as energy source and are associated to consumables or
manufacturing processes. Similar analysis can be made
using the R component associated to ELR. Low values
of ELR (nearly 2) indicate low environmental impact or
processes having a large area to dilute their total impact.
When ELRO 10, there is a high environmental loading
and when 3! ELR! 10, the impact is considered
moderate. For extremely high values of ELR, the non-
renewable inputs and/or the purchased inputs pre-
dominate suggesting that the offer of local renewable
inputs is not enough to supply the process demands. In
Fig. 5a it can be observed that the economic investments
for products A and B are similar, but R and N quantities
differ substantially.

3.1.2. Sustainability lines
The graphic tool permits to draw three lines shown in

Fig. 5b indicating constant values of the sustainability
index. These lines are presented independently and the
value of SI may be fixed by the user (SIO 0). The
sustainability lines depart from the N apex in direction
of the RF side allowing the division of the triangle in
sustainability areas, which are very useful to identify
and compare the sustainability of products and pro-
cesses. When SI! 1, point G, products and processes
are not sustainable in a long term [8]. Systems presenting
1! SI! 5, point E, may have a sustainable contribu-
tion to the economy for medium periods and processes
with SIO 5 can be considered sustainable in a long
term, point D.

3.1.3. Sensitivity lines
The graphic tool permits the presentation of three

sensibility lines, shown in Fig. 2d, along which one can
follow the variation of a given resource flux (R, N or F ).
Any point along the line represents a condition in which
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Fig. 4. Archive for data capture, calculations and plot presentation.
the other two fluxes remain present in the same initial
proportion. This kind of analysis may be especially
useful to simulate changes regarding the resource fluxes
in an operating system.

3.1.4. Simergic point
There is still the possibility to present a point, called

simergic point, which represents the resulting composi-
tion of a system composed by more than one product or
process (Fig. 2c). The simergic point can be used to
determine the characteristics of a whole sector or a set of
products. Its significance depends on the understanding
that the resource fluxes are independent. The location of
this point on the triangle provides a prompt recognition
of the effects of a sector or an industrial park on the
environment, which is only possible with the application
of the diagram properties and the use of the graphic tool
presented.
R

FN

SI=1

SI=5

SI=0.33

D

E G

(b)
R

FN

N = 0.05 F = 0.2
EYR = 5
EIR = 0.25

R = 0.6
ELR = 0.66

A
B

(a)

Fig. 5. Auxiliary lines: (a) resource flow lines and (b) sustainability lines.
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4. Example of application

The graphic tool produces a triangular plot of three
variables with constant sum. The following hypothetical
example is shown to indicate some of the flexibility of
the ternary diagram applied to emergy accounting. For
this, suppose we have 10 systems, driven by a different
share of emergy inputs as shown in Table 1. With the
hypothetical values of emergy assigned to each point,
the percentage of R, N, and F were calculated. Table 2
shows the indices calculated from the values shown in
Table 1.

Assuming that points 1e10 represent different pro-
duction processes of a given industrial sector, the
observations in Tables 1 and 2 give a series of infor-
mation that can be used to compare each process with
the others. For example, processes 2 and 3 use the same
relative amount of renewable resources. The environ-
mental yield of process 2 is better than that of process 3,
the SI index of process 2 is higher than that of process 3
and the environmental loading is the same for both
processes. The economic investment of process 2 is 3.5
times lower than the economic input of process 3, but
process 2 uses six times more non-renewable resources
than process 3. This kind of comparison becomes more
and more intricate as the number of processes increases.

The representation of points 2 and 3 on the ternary
diagram permits the prompt visualization of the results
and facilitates the comparison between the processes
(Fig. 6a).

In Fig. 6b points 1e4, 6 and 8 are represented with
the resource flow lines RZ 60%, NZ 5% and FZ 20%
and the sustainability lines for SIZ 1 and SIZ 5. It is
easy to note that processes 1, 3 and 8 use the same
percentage of local non-renewable resources, but the
sustainability of process 1 is higher. Process 3 may have
a sustainable contribution for a medium period, but
process 8 will not sustain its operation for a long term.
In the same way, processes 6 and 8 use equal amount of
renewable resources (20%), but process 6 is more
sustainable, despite of their equivalent environmental
loading. In this case, the economic investment and the
use of little portion of non-renewable resources favour
the sustainability of this process.

Processes 4 and 6 can also be compared in Fig. 6b.
Both processes use the same percentage of economic
investment for their operation, but the difference in the
amount of renewable resources determines the higher
sustainability of process 4.

Fig. 7 shows the use of the sensitivity lines. The line
joining the apex N to point 9 passes also on point 6. Any
point along this line represents a process operating
progressively with lower quantities of non-renewable
resources, as it passes from 9 to 6, with R and F
remaining present at the same initial proportion.
Therefore, it is possible to improve the sustainability
of process 9, changing the quantities of non-renewable
resources and maintaining the proportion between the
economic investment and the quantity of renewable
resources. It is also easy to note that a decrease of
purchased services of process 8 may enhance its
sustainability to be equivalent or higher to that of
process 5. In the same way, the line joining the R apex to
point 7 indicates that especial attention should also be
given to the use of renewable resources to improve its
sustainability. Clearly, the sensitivity lines show to
decision makers the way to accomplish economice
environmental targets. Returning to processes 6 and 9,
two points may be emphasized. First, if process 6 exists,

Table 2

Emergy indices calculated from Table 1

ELR EYR EIR SI

1 0.25 6.67 0.18 26.67

2 0.67 10.00 0.11 15.00

3 0.67 2.86 0.54 4.29

4 1.50 5.00 0.25 3.33

5 1.50 2.00 1.00 1.33

6 4.00 5.00 0.25 1.25

7 4.00 1.67 1.50 0.42

8 4.00 1.33 3.00 0.33

9 9.00 10.00 0.11 1.11

10 9.00 1.25 4.00 0.14
Table 1

Hypothetical emergy values and percentage of resource flows

Point Total emergy

(seJ/year)

Annual emergy flow

R (seJ) %R N (seJ) %N F (seJ) %F

1 6.4! 1020 5.1! 1020 80 3.2! 1019 5 9.6! 1019 15

2 8.0! 1019 6.4! 1019 60 0.4! 1019 30 1.2! 1019 10

3 7.5! 1019 4.5! 1019 60 3.7! 1018 5 2.7! 1019 35

4 6.0! 1019 2.4! 1019 40 2.4! 1019 40 1.2! 1019 20

5 5.0! 1019 2.0! 1019 40 5.0! 1018 10 2.5! 1019 50

6 5.5! 1019 1.1! 1019 20 3.3! 1019 60 1.1! 1019 20

7 2.4! 1020 4.8! 1018 20 4.8! 1019 20 1.4! 1020 60

8 7.2! 1019 7.2! 1018 20 3.6! 1018 5 5.4! 1019 75

9 7.8! 1019 7.8! 1018 10 6.2! 1019 80 7.8! 1018 10

10 6.5! 1019 6.5! 1018 10 6.5! 1018 10 5.2! 1019 80



208 B.F. Giannetti et al. / Journal of Cleaner Production 14 (2006) 201e210
R

FN

SI=15

SI=4.3R= 0.6
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Fig. 6. Representation of hypothetical processes shown in Table 1.
there must be a way or technology to improve the
performance of process 9 at least to equalize that of
process 6. Second, the line indicates a hierarchy for
action. Instead of randomly changing all variables to
enhance system 9 functionality; the priority is clearly the
reduction of the use of non-renewable resources.

Diagrams of Fig. 8 illustrate an application of the
ternary diagram property, which leads to the simergic
point. This point represents the resulting composition
of a system composed by more than one product or
process. The simergic point is used to determine the
characteristics of a whole sector or a set of products, in
this case formed by processes 1, 2, 6, 7 and 10. The
location of this point on the triangle provides a prompt
recognition of the effects of the set chosen. The SI index
of the set is localised between 1 and 5 (SIZ 4.5),
indicating that this sector is sustainable for medium
term (Fig. 8a). As the total quantity of products
provided from each process can vary drastically, there
is also the possibility of taking into account the weight
of each process regarding their Y values, their outputs.
For example, each one of these processes could

1

R

FN

2 3

4 5

6 7 8
9

10

Fig. 7. Ternary diagrams illustrating the use of the sensibility lines.
represent a power plant with different energy pro-
duction. Fig. 8b shows the simergic point obtained
considering that processes 2, 6 and 10 produce equal
quantities of a generic product. The production of
process 1 is eight times higher and process 7 has capacity
to produce three times more than process 2. Even with
the participation of process 7 in the sector, with a bad
environmental performance (SIZ 0.42), its association
with the other three processes, especially process 1,
guarantees the sustainability of the sector as a whole for
long periods. The sustainability index for this combina-
tion was calculated as being 7.2. It is also evident that
the sector in question should invest in processes like 1 or
2 for future expansions of the system.

5. Discussion and concluding remarks

Adopting emergy based ternary diagrams provides
a better understanding of the actual contribution of
given inputs and the global sustainability of production
processes and especially industrial sectors. Ternary
diagrams allow one to rank and to assess significant
differences that can be immediately evaluated. The use
of the triangle based on emergy accounting and emergy
indices to assess production processes and industrial
sectors permits, not only to evaluate the actual situation
of a given process, but also to identify critical param-
eters that may be changed to improve the environmental
performance of the whole system.

The triangle properties, especially the sensitivity lines
and the simergic point, complement the emergy based
analysis and permit monitoring the present state of a
system by means of well-defined sustainability indicators
and forecasting the system’s behaviour according to
changes in its driving forces. With the use of sensitivity
lines, one can assess a process; identify the main driving
force to enhance its sustainability, to diminish the
environmental loading and to evaluate the need of
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Fig. 8. Ternary diagrams illustrating: (a) the resulting combination of points 1, 2, 6, 7 and 10 and (b) the resulting combination of points 1, 2, 6, 7 and

10, taking into account the total yield of each process.
economic investment or change of inputs. It is possible
to follow the effects of any economic or technological
change and to determine the real consequences of these
actions. For example, if emergy is invested in removing
emissions using technology, this emergy can be ac-
counted and the position of the point will change in the
interior of the triangle. Analogously, if environmental
services are needed to absorb and dispose the same
emissions, performance of a production process be-
comes more time and location dependent. When the free
services of the environment are accounted [4], a shift of
the point in the diagram will be also noticed, showing
the actual condition of the system under evaluation. The
introduction of the simergic point permits to go further.
The calculation of the simergic point, taking into
account the production capacity of each component of
an industrial sector, permits to evaluate not only the
sector as a whole, but principally to identify the
processes with inferior environmental performance and
the areas where investment is necessary. The best
alternatives can be simulated and analysed. In the
decision-making process regarding sustainability of
economic development, governments and society will
have a powerful tool to establish policies and to choose
alternatives concerning the environment.

On the other hand, when emergy analysis is carried
out concerning processes’ emissions and considering the
investment in the waste treatment, an approach such
as that used by Tiezzi and Marchettini [17] could be
an interesting alternative. The emergy analysis of the
municipal solid waste collection was performed com-
paring the emergy of collection (fuel and labor, which
represents 70e80% emergy of the collection system)
with the total emergy of material production; in order to
assess how much ‘‘utility’’ is extracted from manage-
ment strategy. The representation of this approach,
based on three parameters, on the ternary diagram
should improve the discussion of the results and the
conclusions by the use of sensitivity lines and the
simergic point.
The same reasoning could be applied to Life Cycle
Assessment. In this case, emissions are accounted and
allocated in three main categories (for example: ecosys-
tem quality, human health and energy resources).
Locating the categories at the triangle apexes may
permit to assess processes and evaluate the total damage
of a set of products or industrial sectors.

Emergy based ternary diagrams may well be seen as
progress compared to methods that result in a list of
interventions or an impact score profile. Such a tool for
graphical analysis allows a transparent presentation of
the results and may serve as an interface between emergy
scientists and decision makers, provided the meaning of
each line in the diagram is carefully explained.
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