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Abstract: - The paper makes a comparison the ecological and the exergetic balance of industrial processes. The 
nuisance intensity is defined for each polluting agent. It is expressed as a function of a nuisance unity, called 
ECOPOINT, according to the OFEFP. A simple method for calculating the total nuisance of any industrial 
product is defined, as the sum of the number of ECOPOINTS produced by each process of the product 
manufacture. An application, based on the method proposed for the quantification of environmental effects 
occurred when dismantling a thermoenergetic group, was realised. The results obtained are graphically 
represented. 
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1 Introduction 

The interactions of any industrial process 
with the environment are placed either upstream, 
when considering the rarity of the consumed 
resources or downstream, when considering the 
outlet of by products as well as the resulted 
harmfulness. The quality of the resources is assessed 
based on specific criteria. Comparing the 
mathematical expressions of the harmfulness flux of 
matter resulted from an industrial operation and the 
flow of residual hot water by using the intensity and 
natural intensity notions of a polluting agent 
respectively the heat exergy and anergy, an 
analogy, suggesting that a series of methods 
developed for the appointment and analysis of 
exergetic balances may be transposed in ecological 
balances, can be established. The case of 
dismantling an energetic group composed of a steam 
generator, turbines and electrical generator has been 
chosen as an example. 

In [2],[7],[9],[10],[17] environment impact 
evaluation it was realised by polluting indicators, 
SWOT analyses or impact matrix. 

The analogy ecological balance – exergetic 
balance was dealt with in [1], realising therefore a 
correlation between the exergy-polluter and exergy-
natural pollution pairs. The ecopoints and ecofactors 
method was fundamented in [2], [3], [4], [5], [6]. 

The new elements brought forward by the 
paper are: 

- Adapting a series of exergetic analyses 
for the elaboration of environmental 
indicator capable to express the impact 
dismantling the industrial installations 
has on the environment; 

- The methodology proposed is based on 
the hypothesis that the impact on the 
capital of used natural resources, semi-
fabricated and finite products is 
symmetrical (considering the 
metabolism of waste by the ecosphere) 
to the impact the dismantling the 
respective installations has on the 
environment. 

 
 
2 Problem Formulation 

In order to quantify the environmental 
impact of dismantling the energetic group the OFEP 
(Office Fédéral de l’Environnement, des Forêts et 
du Paysage) – Switzerland was used. The method is 
based on appointing a series of ecopoints for 
different components of an installation; ecopoints 
which amplified to the reference unit of measure of 
the considered component lead to an ecofactor 
capable of numerically quantify the environmental 
impact. The calculations carried out for the major 
elements of an energetic group equivalent to a 110 
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MW installed power: namely steam generator 
turbine and electric generator. 

.
m is considered the mass flow of matter 

resulted from an industrial operation containing as 
well an environmental polluting “agent” [1][7].  

Considering gi to be the intensity of the 
pollutant, the flow of harmfulness shall then be: 
 

Gi = gi·
.

m               (1) 
 

gio is considered to be the natural intensity of the 
polluting agent in the receiving environment. It 
corresponds for instance to the balance 
concentration between “naturally” produced SO2 
and the one absorbed by the marine environment. 
Equation (1) may therefore be written: 
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The expression of 
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m is extracted from equations 
(1) and (2): 
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In order to realise a parallel between the polluting 

equation with agent 
.

m , and thermal pollution of 

residual hot water, the heat flux 
.

Q  resulted from 
hot water is: 
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Considering relations (3) and (4) it is observed that 
the thermal pollution flux identifies the exergy flux. 
The mathematical analogy of relations (3) and (4) 
suggests that a series of methods developed to 
establish exegetic balances may be transposed to the 
ecological balances [8]. 
The above mentioned relations may be quantified 
with the help of a series of concepts defined by the 
OFEFP of Switzerland [7][2]. 
The notions used in the expression the degree of 
pollution are defined as follows [3]. 

The actual flux - F expresses the limits of natural 
supportability (ecological saturation); the actual flux 
exceeds the critical flux (F > Fk) when an 
overexploitation of resources is realised. 
The critical flux - Fk, represents the maximum 
polluting load which does not produce any 
irreversible damages within the analysed 
ecosystems. 
Saturation – generally expresses the proportion 
between the available resource quantity and the 
realised exploitation. Ecological saturation – or 
ecological limits express the proportion between the 
tensions exerted on nature and its capacity to absorb 
them or to eliminate them. 

Ecofactor – the measure of the limit of a 
natural resource, defined by the proportion between 
the effective exploitation (F) and the maximum 
admissible exploitation (Fk). (the “maximum 
admissible” expression signifies irreversible damage 
start appearing from this limit onward). 

Ecopoint – ecological load unit; result of the 
calculation of the ecobalance (the highest this 
number is the more the exerted tension increases). 
The ecopoint represents the product between the 
ecofactor and the polluting load. 

Different elementary harmfulness need to be 
standardised, namely expressed through common 
units to sum them in order to determine the total 
harmfulness produced by a number of polluting 
substances. One of the solutions was given by the 
OFEFP of Switzerland, which defined a 
harmfulness unit for each pollutant called 
ECOPOINT, representing the harmfulness of a ton 
of product at a maximum acceptable intensity. In the 
end, the form of expression (3) of the harmfulness 
flux may be written as [1]: 
Considering Gi as the harmfulness flux measured in 

ecopoints/year, the average flux of matter 
.

m  
measured in tons per year and the ecofactor gi 
measured in ecopoints per ton, the following 
relation results: 
 

ii gmG ⋅=   
 

The ecofactor is determined using formula[3]: 
 

12101
⋅⋅=

kk F
F

F
f                                                  (6) 

 
 
3 Problem Solution 

Based on the previously presented 
method and on statistical data regarding the 
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environment in Romania, the ecopoints for 
different basic elements of the steam generator 
were determined and in order to have a 
common term of comparison, the total number 
of ecopoints for each of the 3 elements (steam 
generator, turbine, electric generator) was 
determined. 

The results obtained based on the 
ecofactors of energetic consumption, air 
pollution, water pollution and soil pollution are 
presented in figures 1 to 10. 
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Fig. 1 Energy consumption ecopoints 
 

Air pollution ecopoints
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Fig. 2 Air pollution ecopoints 
 

Water pollution ecopoints
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Fig. 3 Water pollution ecopoints 

 

Soil pollution ecopoints
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Fig. 4 Soil pollution ecopoints 
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Fig. 5 Total pollution ecopoints 
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Fig. 6 Material consumption for natural, semi-

fabricated and material resources 
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Fig. 7 Energy consumption for natural, semi-
fabricated and material resources 
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Fig. 8 Air pollution ecopoints during dismantling 
 

Water pollution ecopoints during 
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Fig. 9 Water pollution ecopoints during dismantling 
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Fig. 10 Soil pollution ecopoints during dismantling 
 

The determination of the ecopoints allows 
the numerical expression of the environmental 
impact encouraging graphical aggregation of 
financial, energetic and ecologic components. The 
CAREEC diagram highlights the costs for 
optimisation measures considering economic, 
energetic and ecologic criteria [1], [7], [9]. 
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Fig. 11 CAREEC diagram 
 

As it may observed in Figure 11, the 
following correlations may be realised [6]: 

- The Ecmin - Emin difference highlights additions 
energetic costs for the reduction of monetary costs; 

- The Epolmin - Emin difference highlights additional 
energetic costs for the reduction of environmental 
costs (pollution related); 
- The CEmin – Cmin difference highlights additional 
monetary costs for the reduction of energetic costs; 
- The Cpolmin – Cmin difference highlights 
additional monetary costs for the reduction of 
environmental costs; 
- The PolEmin - Polmin difference highlights 
additional environmental costs for the reduction of 
energetic costs; 
- The PolCmin - Polmin difference highlights 
additional environmental costs for the reduction of 
monetary costs. 

Depending on the national strategy and on 
the international conjuncture different proportions 
may be assigned to the expenses represented in the 
diagram and based on optimisation criteria the best 
monetary energetic and environmental solution may 
be therefore chosen. 
 
 
4 Conclusion 

The proposed method tries to use a 
mathematical formulation for the balance of 
harmfulness through the extension of the classical 
matter and energetic balances for an industrial 
procedure.. 
The difficulties of the method are the following: 
- Colleting the experimental data; 
- Defining the outline of the system to which 
the balance is applied. The conclusions are different 

when analysing a coal operated central heating 
plant, when it is placed in a depressed area, in a hill 
area or on a plain area; 
- Defining the maximum admissible 
harmfulness; 
- Considering the characteristics of the local 
environment; 
- Harmonizing the national and the 
international regulation; 
- Realising a compromise between the 
regional and the global interests. 
The advantages of this type of approach are: 
- The use of concepts and the analytical 
instrument of exergetic balances; 
- Obtaining synthetic values representing the 
global ecological load exerted by the analysed 
system on its own environment; 
- The method allows the comparison of 
different solutions for the creation of a product; 
- The supply of information regarding the 
ecological importance of an ecosystem and reaching 
an alarm threshold; 
- Implying consistent amendments it may be 
comprised by an analytical-experimental apparatus 
destined for the operationalisation of the concept 
of sustainable development; 
- It offers the possibility of a periodical 
control of concrete quantifiable environmental 
protection measures. 
-  
Acknowledgment 
- “This work was partially supported by the 
strategic grant POSDRU 107/1.5/S/77265 (2010) of 
the Ministry of Labor, Family and Social Protection, 
Romania, co-financed by the European Social Fund 
– Investing in people.” 
 
References: 
[1] P. Le Goff, J. Labidi, Bilan écologique des 
procédés industriels, Entropie, no. 205, 1997. 
[2] J.C. Bare, T.P. Gloria,  Environmental impact 
assessment taxonomy providing comprehensive 
coverage of midpoints, endpoints, damages, and 
areas of protection. J. Cleaner Prod. 16: 1021-1035, 
2008. 
[3] A. Braunschweig et al. Bewertung in 
Ökobilanzen mit der Methode der ökologischen 
Knappheit, 1998. Ökofaktoren, Methodik Für 
Oekobilanzen, Buwal Schriftenreihe Umwelt, nr 
297. 
[4]*** OFEFP (Office Fédéral de l’Environnement, 
des Forêts et du Paysage). Cahier de 
l’environnement no. 133. Berne, Octobre, 1991. 

Recent Advances in Environmental Science

ISBN: 978-1-61804-167-8 80



[5 ]*** Oekobilanz von Packstoffen Stand 1990, 
Schriftenreihe UMWELT nr.132/feb., 1991. 
[6] Magazine «environnement» - L'Office fédéral de 
l'environnement OFEV, Confédération Suisse, 
collection 2011-2012, 
http://www.bafu.admin.ch/dokumentation/umwelt/1
2360/index.html?lang=fr 
[7] I.I. Irimie, Untersuchung von dynamischen 
Systemen auf regionaler Ebene mit dem Zweck der 
Operationalisierung des Leitbildes nachhaltige 
Entwicklung, TECHNISCHE UNIVERSITÄT  
CLAUSTHAL, 2001. 
[8] M. Gong, G. Wall, On Exergetics, Economics 
and Optimization of Technical Processes to Meet 
Environmental Conditions, TAIES’97, pg. 453-460, 
Beijing, China, June 10-13, 1997. 
[9] M.F. Jischa, Herausforderung Zukunft, 
Spektrum Akademischer Verlag GmbH, 
Heidelberg-Berlin-Oxford, 1993. 
[10] A. Leca, Principii de management energetic, 
Tehnical Publishing House, Bucharest, 2008. 
[11] A. Bejan, Shape and Structure from 
Engineering to Nature, Cambridge University Pres, 
New York, 2000. 
[12] S. Ahbe, A. Braunschweig, R. Müller-Wenk 
Methodology for Ecobalances Based on Ecological 
Optimization, Buwal (Safel) Environment Series 
No. 133, Berno. Document Number, 1990. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[13] O. Jolliet, A. Brent, M. Goedkoop, N. Itsubo, 
R. Mueller-Wenk, C. Peña Life Cycle Impact 
Assessment Programme of the Life Cycle Initiative. 
Final report of the LCIA Definition study, 2003 
[14] M. Goedkoop, M. Oele, An de Schryver, 
Marisa Vieira, SimaPro Database Manual Methods 
library, PRé Consultants, the Netherlands. 2008, 
http://www.presustainability.com/download/manual
s/DatabaseManualMethods.pdf 
[15]S. Arad, V. Arad, L. Lupu, The remote 
control of Electric Devices, Protection, Control 
and Monitoring Systems., 2006 IEEE 
International Symposium , Proceedings of 
IEEE, vol I, pp 267-272, Montreal. 
[16] I. Dosa, Energetics of Pneumatic 
Equipment (translated from Romanian) Tehno-
Art Publishing House, Petroşani 2003. 
[17] http://www.sustainablemeasures.com/ r-
Sustainability Indicators 101 
[18] D. C. Petrilean - Technical 
Thermodynamics and Thermal 
Machines(Translate from Romanian), Agir 
Publishing House, Bucharest, 2010. 
 

Recent Advances in Environmental Science

ISBN: 978-1-61804-167-8 81

http://www.bafu.admin.ch/dokumentation/umwelt/12360/index.html?lang=fr
http://www.bafu.admin.ch/dokumentation/umwelt/12360/index.html?lang=fr
http://www.presustainability.com/download/manuals/DatabaseManualMethods.pdf
http://www.presustainability.com/download/manuals/DatabaseManualMethods.pdf
http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=4035454
http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=4035454



