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Abstract—Environmental studies have expanded dramatically al The boundaries of an organization are defined sy it
over the world in the past few yeafdowadays businesses interactphysical ones but they are not necessarily limigdthem.

with society and the environment in ways that pefrtmark on both
sides. Efforts improving human standard living,otigh the control
of nature and the development of new products, latae®resulted in
contamination of the environment. Consequently camgs play an
important role in environmental sustainability ofegion or country.
Therefore we can say that a company's sustainaelabment is
strictly dependent on the environment. This artjglesents a fuzzy
model to evaluate a company's environmental impaaticle
illustrates an example of the automotive industrgrider to prove the
usefulness of using such a model.

Space and time are two fundamental parametersaluating

environmental impact and both depend on the pdaticu

company being evaluated. For instance, an automotiv

company has local environmental impact but sinceicles
are exported to the whole word and materials arenof
imported from remote countries, this impact is aged to the

whole supply and consumption chain. Speaking ofetim

greenhouse gas emissions should be assessed kntvaing
their environmental impact will stay for tens ofaye or
longer. Carbon monoxide emissions on the other haitid

Keywords—fuzzy approach, environmental impact assessmerttave only a short term effect. Each organizatios itg own

sustainability

H in the twentieth century, represents an intrusiuo the
overall balance that maintains the earth as a dualbitplace.
Interaction between industry and the environmenidseto
become increasingly complex. Usually companiesfacing
directions of actions such as the use of envirornatign
friendly technologies or some that would bring tEgiprofits
in the short term, it may be subject to strict laagarding the
environment or may choose to relocate to anothemntcp
where these laws are more lax. It is obvious tleemganies
put their imprint on the environment and also theimnment
affect their existence, consequently the companifane is
tied to welfare of the society the firm exist inadtories
ordinarily need a number of external inputs to fiog such
as energy, matter, and labor, for example, and tfasform
matter into finished products while at the sameetithey
generate pollution which is released into the eminent.
Sustainability of organizations is associated witheir
activities, emissions, impact of products, instailas,
policies, etc. It is desirable to improve all aittes, that is,
reduce emissions, improve products, build enviramalky
friendly installations, contribute to the economielfare of
the society, and so on [1].

Environmental impact assessment related to firm
becoming a major issue worldwide and particulam¥europe.
To assess the performance of an environmental reysfea
company is necessary to make an integrated anabjsis
variety of factors and the existing relationshiptween these
factors often form a complicated problem.
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space and time demands when environmental impact is

assessed.
The values of indicators used in the model are ides/ by

UMAN development through industrialization, especialljn® company or are estimated using a number ohigobs

such as average emission factor models, etc. Eaisnique
does not represent the scope of this paper, byt ¢he be
found easily in specialty literature.

In this paper, fuzzy model was developed, whichsdaga
sampled from different environmental parametergrier to
assess the company impact on environment. Basethisn
approach it has been developed a fuzzy model whggds
environmental indicators, as inputs and employszyuz
reasoning to provide an output. The model can hed ue
evaluate the environmental sustainability of thenpany and
also can identify areas of particular interest @nagers. The
method could become a useful tool to decision nwmksrthey
strive towards environmental assessment.

Il. Fuzzy SYSTEM APPROACH

There are many approaches and tools available
undertaking analysis of environmental impacts. Gglg the
appropriate method depends upon the purpose andofdine
analysis.

Fuzzy logic is often referred to as a way of “redasg with
uncertainty.” It provides a well-defined mechanism deal
with uncertain and incompletely defined data, sat tne can
make precise deductions from imprecise data. Thezyfu
Fﬁeory provides a mechanism for representing listgli
constructs such as “many,” “low,” “medium,” “oftérifew.”
In general, the fuzzy logic provides an inferenacture that
enables appropriate human reasoning capabilitigs If2
practice, fuzzy logic means computation of wordics
computation with words is possible, computerizesteys can
be built by embedding human expertise articulatedlaily
language. Also called a fuzzy inference engineuazy rule-

for

base, such a system can perform approximate rewsoni

somewhat similar to but much more primitive thaattof the
human brain.
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The utility of fuzzy sets lies in their ability tonodel
uncertain or ambiguous data so often encounteredahlife
[3].

Fuzzy modeling techniques, namely, the constructibn
fuzzy rule-based inference systems, can be vieweptey-box
modeling because they allow the modeler to extiaud
interpret the knowledge contained in the modelwal as to
imbue it with a-prior knowledge. However, the constion of
fuzzy models of large and complex systems—with @da
number of intricately related input and output ahtes—is a
hard task demanding the identification of many peters
Fuzzy logic is capable of representing uncertairta,da
emulating skilled humans, and handling vague sinoat
where traditional mathematics is ineffective. Baged this

approach our aim is to attempt to devise a model fq

environmental assessment, such that it will bottuce to a
minimum the risks arising from performance of tadks
unsuitable decision-making [4].

This system will allow incorporation of all inforrian
which may be to hand, however ambiguous or subjdti
may be, and cope with the lack of precision thatais

concomitant of this sort of decision making procesq

Environmental assessment for the varying activipeormed
by organizations requires a coherent approach, hwbannot
be simplistic, to the information held. The use fakzy
membership functions is convenient because it alldhe
problem to be recognized as it is in real life. thik makes the
environmental assessment challenging, yet a cruaik to

perform. A lot of organizations have experts whee ar

responsible for this task. Currently, the environtaé
assessment is performed manually and we think ¢laty
technique meant to automate this process can [moaable
for everybody involved.

Assessing the environmental impact related todastrial
company is becoming a major issue worldwide. Touata
the impact on environment requires an integratedyais of a
variety of factors and the existing relationshiptween these
factors which often form a complicated problem.idatbrs
are often used with other types of information.dmler to
cope with environmental impact assessment specifils are
needed and creative approaches. The model whidk dith
these parameters is presented in Fig.1.

Environmental impact assessment mod
(ENVIRONMENTAL IMPACT) is composed of four primary
components, air (AIR), water (WATER) soil (SOIL)ndh
biodiversity (BIOD). Each of primary components thsee
inputs, status, pressure and response representgdBE1,
TYPE2 and respectively TYPE3 indicator, which coisgthe
secondary inputs or components. The secondarysrgegend
on any number of basic indicators.

THE MODEL OVERVIEW
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Fig. 1 Configuration of environmental impact assgmst model
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The model consists in four different sets of knalge
levels. The inputs of each knowledge level repredée
parameters which can be provided by the user omosite
indicators collected from other knowledge levels: Bsing
fuzzy logic and IF-THEN rules, these inputs are borad to
yield a composite indicator as output which repnésean
input for the subsequent knowledge level. For imsta the
third order knowledge level that computes indica#dR
combines indicators TYPE 1, TYPE 2, and TYPE 3dathrs
of air quality, which are outputs of fourth ordemdwledge
IFveI. Then, AIR is used in combination with SOllnda

SWATER as input for the first order knowledge lewld so

assesses ENVIRONMENT IMPACT. The indicators frora th
third knowledge level were divided into three type$
parameters because this way the analyze we belieutd be
is more accurate [5].

When the environmental impact of a given company is
assessed, the model to be used should be tunedheto t
particular realities of the corporation.
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IV. CASESTUDIES

In order to test the model publicly available dasve been
collected from our national auto producer whiclmismber of
a multinational automotive manufacturer. It was possible
to collect data about BIOD. Consequently, for oase the
model is presented in Fig. 2.

GHG (Gx?eﬂmuse gas ‘

emissions)

Fig. 2 Company hierarchical impact assessment model

A.Basic Indicators

The choice of basic indicators depends on the type
organization under consideration. Norm and tarfmtshese
indicators are dictated by legal requirements amges
knowledge. Below are given definitions of the basidictors
taken under consideration for our case and thegt mlesirable
and least desirable values related to the spentfigstry.

For AIR indicator:

* GHG Greenhouse gas (GHG) emissiofteq CO2 -
equivalent emitted per million euro of annual netes)
measure a company’s impact on climate change.asssmed

Energy and Environmental Sciences
2517-942X
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The maximum value is UTR = 0,5 kg/unit.[6],[7].

For SOILindicator:

¢ NHIW: Non-Hazardous Ordinary Industrial Was{imns
per unit produced) is the mass of solid waste ihatumped
by the company into a landfill, rather than reusedecycled
in some manner. A lower amount of waste dumpecdetseb
for the environment due to less pollution of thedaand
greater amount of land available to the ecosystemother
purposes (farming, animal habitat, etc.). Less svastlso an
economic benefit, since companies that produce \exste
will spend less money on raw materials, run a lovigk of
environmental fines and penalties and have lesd kmd
waste removal costs.

The waste included in data is waste that leaves the
geographical confines of the site. Non-hazardoustewvas
includes ordinary waste and inert waste, the laleing
presented separately for greater clarity.

Construction waste from manufacturer sites is eported
(in the Inert waste category) unless a contraclalise
explicitly states that the construction company nst
responsible for such waste. As previously, the agervalue
TSW 1 t/unit is considered to be the threshola fo
sustainability and the maximum USW = 1,5 t/unitaroed as
the smallest undesirable value[6],[7].

« RECY: Solid waste recycledpercent of total) is a
measure of how efficient the company is at limitiitg
ecological footprint. The more waste is reusedesycled, the
lower the company’s impact on the ecosystem. A drighte
of recycling is more sustainable. A lower thresholdirecy =
50% waste recycling is subjectively chosen as uasable.
A higher rate of recycling increases sustainabiliitgarly to
Trecy = 95%, where it is assumed that sustainabilitynis [6]-

that lower is better and that any value below atager [7].

threshold is sustainable, i.e., its normalized @akione. The  « HIW: Hazardous industrial waste(tons per unit
threshold is set atche = 50 tons CO2 equivalent per million produced) generated by the company harms the deasys
euro annual net sales. The upper bound at whidhisability pecause that waste must be treated or dumped. & |

is zero is the maximum value over all years forcalnpanies.

hazardous waste the company produces, the moraralde

_This value is Wyg = 100. The auto constructor made_its firs; is. Suppose that any level of waste productietoly THW
inventory of greenhouse gases (GHG) sources in .2004 10 kg/unit (industry average) is sustainable wighue one,

Following this inventory, the manufacturer modifigts
reporting protocol to better reflect the total emoiss of the
group and to comply with the recommendations of @G
Protocol and the French protocol developedBuyreprises
pour I'environemeni6],[7].

* TR: toxic releases in air(tons/year) lead to lower
sustainability since more emissions to the air hawmans
and the ecosystem. In our case toxic releases stenef
atmospheric emissions of $@nd NQ. The atmospheric
emissions of Sand NQ included in the data correspond t
emissions produced by the burning of fossil fuelsfiked
combustion facilities at all site, excluding traogpto the site.
Only sites with fuels whose characteristics diffggnificantly
from standard factors have used data approveddiyehergy
supplier. For toxic releases, similarly to GHG esitss, we
assume that lower is better. The upper target vialwhosen
as the average over all data points and it is TOR =kg per
unit of production.

with sustainability decreasing linearly to the nmaxim value
UHW = 20 kg/unit [6],[7].

For WATERindicator:

« WATER: Water usgm3 thousands) is a measure of the
company’'s impact on water resources. Measured \@sdum
include water obtained by pumping (underground sundace
water) and/or external networks (drinking waterdustrial
water). If less water is used to make a given arhafn
oProduct, more water is available for humans anerogipecies
to use. Fresh water is an increasingly valuable secafce
resource; since production requires water as aunt,rgpgood
measure of water efficiency is the ratio of watesed to
product generated. Lower water use is better, scsetethe
upper target level to the industry averaggef= 5 nt of water
per unit product and the lower unsustainable vdtuehe
maximum over all companies, ber = 10 . The quantity of
toxic metals is the total average daily flow of toxnetals
discharged, weighted by a coefficient of toxicity.
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This quantity, expressed in kg per day, is caledlabs The normalized time series for each indicator are
follows: aggregated into a single normalized value usingrieéhod of
Toxic metals = 5 flows (Ni+Cu) + 10 flows (Pb+As)X+ weighted sum. The results are shown in Table 2.
flow (Cr+Zn) + 50 flows (Hg+Cd) [6]-[7].

— TABLE Il
B.Normalization NORMALIZED VALUE USING WEIGHTED SUM
Firstly, all basic indicators are passed throudfiter that Indicator Normalized value

normalizes their values in [0,1]. If the value of basic GHG 0.6926
indicator isx, its target an interval [2A;], its minimum value TR 0536
b and its maximum valu8;, then its normalized valugis as ]
in (1): NHIW 0.2954
RECY 0.4965
x-b o _<a HIW 0.2541
1 = - 1
a-h ) WATER 0.6099
y=41 a S X< A
B, — X C.Fuzzification
. < X< B. . L
B - A A i In order to fuzzify the values of basic indicatonsist use

the membership functions whereby a crisp value is
transformed into a linguistic variable. Each andrgvone
linguistic variable has a number of fuzzy setsolm case the
linguistic variables of basic indicators have thfagzy sets
with linguistic values “weak” (W), “medium” (M), ah
“strong” (S), whose membership functions are shanfrig.

Normalized values, given in parentheses, are coslphy
linear interpolation between most desirable (tgrged least
desirable indicator values. In order to use expbaken
smoothing for the normalized values is performeduking
weighted sum of present and past indicator datapasg to the

model.
3.[8]
TABLE | For example, the crisp valugys = 0.647 for year 2010 of
BASIC INDICATORSAND CORRESPONDINGNORMALIZED VALUES FOR Table 2 be|0ngs to the fuzzy set M of F|g 3 W|ﬂacg§ (]_ -
| A i:gich‘t:;rE\[l’gﬁg"ﬁ'gmalized s 0.647) / (1 - 0.6} 0.8825 and to the fuzzy set S with grade
n (0.647 - 0.6) / (1 — 0.6¢ 0.1175. Also, from Fig. 4 we see
d that the crisp valuewarer = 0,8632 for year 2007 is G with
9212%‘; gfggg’s 75227‘57 gggzls 75;’2583 égg?l 1532;28 membership grade (0.8632 — 0.5)/(1 — 8+5).7264 and VG
|5  |7622 |4786 | 3686 |3387 |e367 |eves | Withgrad (1 -0.8632)/(1-0.5)0.2736.
H | 159,91 | (0,4756) | (1) [6)) @ (0,726) | (0,647)
G|l © i
92.44 149.9 128.2 82 61.5 58.6 75.6 e
T | 0,967 1,034 0,518 0,356 0,238 0,188 0,217 /
R | © (0) (0) (0.024) | (0,448) | (0,648) | (0,532) nal R
166666 | 199090. | 342963. | 271404. | 215403. | 181122. | 191964 g /
N | 1743 | 8 4 8 2 8 0,55 £ sl ]
H| O 1,373 1,386 1,178 0,834 0,582 (0,9) §
I (0) (0) ©) (0,332) (0,836) E oal ]
w 5 /
R | NA NA NA 0,8 0,8 0,85 0,85 =
E (0,843) | (0,843) | (0,895) | (0,895) e 1
c
Y o
28445 | 2567.9 | 3388.8 | 40086 | 59245 | 5326.2 | 5741 e
H | 29,745 | 17,713 13,692 17,38 22,92 17,11 16,386 Biasigndicatar
{N © (0.228) | (0638) | (0262) | (O) (0.289) 50’3614 Fig. 3 Membership functions for basic indicators
W | 2650.6 | 2550.1 1740.7 1310.4/ 948.4/ 1109.4/ 1191.4/
27.718 | 17.59 7,032 5,684 3.669 3.56 3.416 H P i
'_? ©) ©) (0.4064) | (0.8632) | (1) ) ) In orgler. to. complne two or more fuzzy inputs into a
£ composite indicator it must use more fuzzy setsefresent
R the composite fuzzy variable. For composite indiratare

used five fuzzy sets with linguistic values “vergdi (VB),
“NA” indicates that no data were available for theé'bad” (B), “average” (A), “good” (G), and “very gad (VG),
corresponding year as depicted on Fig.4
For example, the greenhouse gas emissions wer@483. To represent the ENVIRONMENTAL IMPACT
metric tons CO2 equivalent per million Euros of aannet (ENVIRON) a larger number of fuzzy sets must beedydbut
sales for company in 2010. The corresponding nopel for simplicity it has been considered five membarsh
value is (100-67,65)/(100-50)=32,35/50=0,647 functions will do as in Fig.4.
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Fig. 4 Membership functions for composite indicator

In order to compute the number of linguistic valdes
ENVIRON should be assigned the integer values 0,to. the

SUM = NHIW+RECY+HIW (6)
Applying the same “modus operandi” the SOIL parene
isasin (7):

VB, 0<SUM <1
B, SUM =2
_ _ )
SOIL = 1A, SUM =3
G, 4<SUM <5
VG, SUM =6
V. RESULTS

Table Il shows the environmental impact assessrant
the selected company using the model. The result of
computation is presented below.

five linguistic values, such 0 corresponds to VB, 1

corresponds to B, and so on [9]. TABLE Il
ENVIRON has 3 inputs, namely, SOIL, AIR, and WATER. NORMALIZED VALUES AND MEMBERSHIPGRADES
Its fuzzy set is determined with the following etioa (2):
Indicator Value VB(0) | B(1) | A(2) | G(3) | VG(4)
SUM= SOIL+AIR+WATER 2
AR 0 012 072 016 O
So the ENVIRON is as in (3):
VB 0<SUM <1 SOolL 0 014 068 018 0
B, 2<SUM <4 @)
ENVIRON = /A 5<SUM <7 WATER 0 01 08 005 O
G, 8<SUM <10
VG, 11< SUM <12 VB 1B A |G VG
Te secondary indicator AIR for instance has twpuis
computed as in (4). ENVIRON | 0.541 0 0.035 | 0.92 | 0.045| 0

SUM=GHG+TR @)

The rule base is shown below:

Rule 1: IfGHG is W andTRis WthenAlR is VB (0)
Rule 2: IfGHG is W andTRis M thenAlRis B (1)
Rule 3: IfGHG is W andTRis SthenAIRisB (1)
Rule 4: IfGHG is M andTRis WthenAIRis B (1)
Rule 5: IfGHG is M andTRis M thenAlIRis A (2)
Rule 6: IfGHG is M andTRis SthenAIR is G (3)
Rule 7: IfGHG is SandTRis WthenAIRis A (2)
Rule 8: IfGHG is SandTRis M thenAIR is G (3)
Rule 9: IfGHG is SandTRis SthenAIRisVG(4 )

Consequently AIR is as in (5)

VB, SUM =0

B, 1<SUM <2 (5)
AIR =<A, 2<SUM <3

G, 3<SUM <4

VG, SUM =4

SOIL parameter has three inputs and its fuzzy rales
determined from (6):

Once the membership grades of the primary indisdtare
been computed, the membership grades o ENVIRON are
determined by the following rules (as example)[9]:

(B)AIR+(B)SOIL+(B)WATER=1+1+1=3=> ENVIRON is
B with grade 0.12X0.14X0.1=0.00168

(A)AIR+(A)SOIL+(G)WATER=2+2+3=7 => ENVIRON is
A with grade 0.72X0.68X0.05=0.02448

The final crisp value for the ENVIRON parameter is
computed using height defuzzification:

0.25 X 0.035 + 0.5 X 0.92 + 0.097 X 0.75 _ 0.541
0.035 + 0.92 + 0.045 Tl

ENVIRON=

Value obtained reflects the impact it has on thérenment
chosen company. As these values are close to 1stieainthe
company impact on the environment is less harnifd]. [

VI. CONCLUSION

The developed model, represent an attempt to peosiu
explicit and comprehensive description of the cpncef
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environmental assessment via computing techniquesder
to reduce adverse effects on environmental andiéihphe
population. Using linguistic variables and lingigstules, the
model gives quantitative measures of environmental
assessment. Then, the problem of environmental dmpa
assessment becomes one of specifying prioritiesngnbasic
indicators and designing appropriate policies thail
guarantee sustainable progress.

The model proposed provides new insights of
environmental assessment, and it may serve asctgaiaool
for decision —making and policy design for the egnmtise or
company. In the future we will try to extend thigsem by
incorporating more representative environmentalpeters
after discussions with specialists. Thus the systdéirbe able
to provide a more concrete analysis of a studietfemmental
system.
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