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THE INVESTMENT RISK IN SEWAGE TREATMENT PLANTS USING THE ELECTRE Ill METHOD
ABSTRACT. The purpose of this paper is to analyze the main wastewater treatment plants (WWTP) of Romania and to rank them in terms of operating performance
(efficiency and economy) in 2011. Six municipal wastewater treatment plants in Romania were taken into account: Constanta Sud WWTP, Mangalia WWTP, Arad
WWTP, Cluj-Napoca WWTP, Constanta Nord WWTP and Cernavodd WWTP. The multiple criteria selected were the volume of water treated (m’), operating
expenses (lei), electric energy consumption (KWh), specific costs (lei/m’) which were used to rank WWTPs using the ELECTRE Il method. It was found that top
ranked WWTPs in terms of performance are those where significant investments were made for retechnologization and upgrade.
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RISCUL DE INVESTITII iNn STATIILE DE EPURARE A APELOR REZIDUALE UTILIZAND METODA ELECTRE IlI
REZUMAT. Scopul lucrarii consta in analiza principalelor statii de epurare (SE) din Romania si realizarea unui clasament al acestora din punctul de vedere al
performantei de operare (eficientei energetice si economice) la nivelul anului 2011. S-au luat in discutie sase statii de epurare municipale din Romania: SE Constanta
Sud, SE Mangalia, SE Arad, SE Cluj-Napoca, SE Constanta Nord si SE Cernavoda. S-au selectat drept criterii multiple volumul de ap3 tratata (m’), cheltuielile de
operare (lei), energia electricd consumata (KWh), costurile specifice (lei/m®) care s-au folosit la realizarea clasamentului SE cu ajutorul metodei ELECTRE IlI. S-a
constatat ca SE clasate pe primele locuri ca performanta sunt cele la care s-au realizat investitii de retehnologizare si modernizare importante.
CUVINTE CHEIE: statii de epurare, clasament, risc de investitii, ELECTRE IIl

LE RISQUE D'INVESTISSEMENT DANS LES STATIONS DE TRAITEMENT DES EAUX USEES EN UTILISANT LA METHODE ELECTRE IlI
RESUME. Le but de cet article est d'analyser les principales stations de traitement des eaux usées (STEP) n Roumanie et d'en réaliser un classement en termes de
performance opérationnelle (efficience et économie) en 2011. On a analysé six usines municipales de traitement des eaux usées en Roumanie: STEP Constanta Sud,
STEP Mangalia, STEP Arad, STEP Cluj-Napoca, STEP Constanta Nord et STEP Cernavoda. On a choisi comme multiples critéres le volume d'eau traitée (m’), les
dépenses d'exploitation (lei), la consommation d'énergie (kWh), les codts spécifiques (lei/m’) qui ont été utilisés pour réaliser le classement a I'aide de la méthode
ELECTRE IIl. On atrouvé que les STEP classées en haut en tant que la performance sont ceux qui ont investi significativement dans la rénovation et la modernisation.
MOTS CLES: stations de traitement, classement, risques d'investissement, ELECTRE ||

INTRODUCTION

Most urban treatment plants (WWTP) in Romania
are inefficient and require significant investments in
retechnologization and upgrading in order to improve
their performance.

Upgrading of treatment plants is an immediate
consequence of achieving environmental targetsin line
with the EU Accession Treaty, Chapter 22, Environment
[1], Directive 91/271/CEE [2] regarding urban
wastewater treatment, modified and complemented
by Directive 98/15/EC [3], fully transposed into
Romanian legislation through GD 188/28.02.2002 [4]
for approval of norms regarding the conditions of
discharging wastewater into the water environment,
and with National Plan of Wastewater Management

INTRODUCERE

Marea majoritate a statiilor de epurare orasenesti
(SE) din Romania sunt ineficiente si necesita
importante investitii in retehnologizare si modernizare
in vederea imbunatatirii performantelor.

Modernizarea statiilor de epurare este o
consecinta imediata a Tndeplinirii obiectivelor de
mediu armonizate cu tratatul de aderare la UE,
capitolul 22, Mediu [1], Directiva 91/271/CEE [2]
privind epurarea apelor uzate urbane, modificata si
completatd prin Directiva 98/15/EC [3], care a fost
transpusa inintregime in legislatia romaneasca prin HG
188/28.02.2002 [4] pentru aprobarea unor norme
privind conditiile de descdrcare in mediul acvatic a
apelor uzate, si cu Planul national de gestionare a
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[5], the Regional Plan, including the County Plan of
Wastewater Management.

Drinking water supply and wastewater collection
and treatment in cities of Romania are important
priorities undertaken in the Treaty of Accession.
Implementation of Directive 91/271 EEC on urban
wastewater treatment is a complex and expensive
issue, assessed, according to the Plan of
Implementation of the Directive (2004), to 9.5 billion
euro for investments, of which 5.7 billion euro for
wastewater treatment and 3.8 billion euro for
sewerage systems.

According to the Romanian report on Strategic
Evaluation on Environment and Risk Prevention,
developed by ECOLAS&GHK for the European
Commission regarding water supply/wastewater
treatment and investment needs for the period 2007-
2013, Romaniaranks second after Poland.

The factors that have led to the need to access
funds for upgrade, retechnologization and expansion of
wastewater treatment plants (WWTPs) are the
following:

1. Modest performance of treatment plants built
in 1960-1975 generated by:

e advanced wear of mechanical and electrical

equipment;

¢« low yields from mechanical-biological

treatment plants and sludge stabilization;

e insufficient capacity and improper final

disposal of sludge.

2.Large urban developmentinthe coastal area;

3. The need to implement all EU directives on the
quality cal treated wastewater and sludge generated as
aresult of treatment;

4. Complying with international conventions on
environmental protection (Black Sea Convention and
the Danube Pollution Reduction Program).

Romania has benefited and still benefits from
important EU financial instruments that provide the
financial support necessary for completion of
investment in the infrastructure of sewerage and
wastewater treatment, namely:

- three main pre-accession instruments: PHARE,
ISPA and SAPARD. Pre-accession funds continued for
projects financed until 2010.

apelor uzate [5], Planul regional, inclusiv Planul
judetean de gestionare a apelor uzate.

Asigurarea alimentarii cu apa potabila si a
colectarii-epurarii apelor uzate in aglomerdrile umane
din Romania reprezinta prioritati importante asumate
si prin prevederile Tratatului de Aderare. Implementarea
Directivei 91/271 CEE privind epurarea apelor uzate
urbane reprezintd o problemad complexa si foarte
costisitoare, fiind evaluata conform Planului de
implementare al Directivei (2004) la 9,5 miliarde euro
pentru investitii, din care 5,7 miliarde euro pentru
statiile de epurare si 3,8 miliarde euro pentru sistemele
de canalizare.

in conformitate cu raportul de tard privind
Romania asupra Evaluarii Strategice a Mediului si
Prevenirea Riscurilor, elaborat de ECOLAS&GHK pentru
Comisia European3, in ceea ce priveste alimentarea cu
apa/epurarea apelor uzate si necesitatile de investitii
pentru perioada 2007-2013, Romania se afla pe locul
doi, dupa Polonia.

Factorii care au condus la necesitatea accesarii de
fonduri pentru modernizarea, retehnologizarea si
extinderea statiilor de epurare (SE) sunt:

1. Performantele modeste ale statiilor de epurare
construiten anii 1960-1975 generate de:

e uzura avansatd a echipamentelor mecanice si

electrice;

e randamente scdzute la instalatiile de tratare

mecano-biologica si stabilizare namoluri;

e capacitate insuficienta si improprie de

depozitare finala anamolurilor.

2. Dezvoltarea urbanistica de amploare in zona
litorala;

3. Necesitatea implementarii tuturor directivelor
UE privind calitatea apelor uzate epurate si a
namolurilor generate prin epurare;

4. Respectarea conventiilor internationale privind
protectia mediului (Conventia Marii Negre si Programul
dereducere a poluarii fluviului Dunarea).

Romania a beneficiat si beneficiaza de importante
instrumente financiare ale Uniunii Europene care fi
permit asigurarea sustinerii financiare necesare pentru
realizarea lucrarilor de investitii in infrastructura din
domeniul canalizarii si epurarii apelor uzate, sianume:

- trei instrumente principale de pre-aderare:
PHARE, ISPA si SAPARD. Fondurile de pre-aderare au
continuat pentru proiectele finantate panain anul 2010.
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- the Sectoral Operational Programme
Environment (SOP ENV) [6] is the document which sets
out the strategy for the allocation of European funds to
develop the environmental sector in Romania,
between 2007 and 2013. The overall objective of SOP
ENV is to protect and improve the environment quality
and living standards in Romania, while contributing to
compliance with environmental acquis. For Priority
Axis 1 "Extension and modernization of water and
wastewater systems", total funding is 3.27 billion euro,
of which 2.78 billion euro is provided through the
cohesion funds, and the rest through national
contribution [7].

The current state of research about the risk of
investment in treatment plants stands out in several
articles whose main objective is to decrease energy
consumption and reduce investment costs. To reduce
investment costs, the optimization of costs and
modernization are necessary [8].

The objective of this study is to provide a ranking
of municipal wastewater treatment plants in terms of
energy and economic efficiency in 2011.

Six wastewater treatment plants (WWTP) were
analyzed, and in order to study the energy
performance, the ELECTRE Il method was used.

EXPERIMENTAL

Municipal Treatment Plants (WWTP)

Constanta Nord WWTP [9]

Constanta Nord WWTP has a capacity of 1920
I/second, sized for 255,000 PE (population equivalent)
and provides wastewater treatment for the northern
area of the city and for Mamaia resort. The plant is
equipped with the latest technology, with extended
aeration, including biological removal of nitrogen and
phosphorus, aerobic stabilization and sludge
dewatering.

Moreover, it solves the problem of uncontrolled
discharges into the Black Sea, untreated wastewater,
and effective treatment is performed to the standards
setbythe EU.
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- Programul Operational Sectorial de Mediu (POS
Mediu) [6] este documentul care stabileste strategia de
alocare a fondurilor europene in vederea dezvoltarii
sectorului de mediu Tn Romania, in perioada 2007-
2013. Obiectivul global al POS Mediu il constituie
protectia si Tmbunatatirea calitatii mediului si a
standardelor de viata in Romania, contribuind Tn acelasi
timp la conformarea cu acquis-ul comunitar de mediu.
Pentru Axa prioritard 1 “Extinderea si modernizarea
sistemelor de apa si apa uzata” finantarea totala este
de 3,27 miliarde Euro, din care 2,78 miliarde Euro
asigurate prin fondurile de coeziune, restul prin
contributie nationala [7].

Stadiul actual al cercetdrii privind riscul de
investitii in statiile de epurare este subliniat Tn mai
multe articole al caror obiectiv major este reducerea
consumului de energie si a costurilor de investitii.
Pentru a reduce costul de investitii sunt necesare
optimizarea costurilor simodernizarea [8].

Obiectivul acestui studiu consta in realizarea unui
clasament al unor statii de epurare municipale din
punctul de vedere al eficientei energetice si economice
lanivelulanului2011.

S-au analizat sase statii de epurare (SE), iar pentru
studierea performantelor energetice s-a folosit metoda
ELECTREIII.

PARTEA EXPERIMENTALA

Statii de epurare municipale (SE)

SE Constanta Nord [9]

Statia de Epurare Constanta Nord are o capacitate
de 1920 I/secunda, dimensionatd pentru 255.000 PE
(populatie echivalentd) si va asigura tratarea apelor
uzate pentru zona de nord a orasului si statiunea
Mamaia. Statia este prevazuta cu ultima tehnologie in
domeniu, cu aerare prelungitd, incluzand indepartarea
biologica a azotului si fosforului, stabilizarea aeroba si
deshidratarea namolului.

Totodata, se rezolva si problema descarcarilor
necontrolate in Marea Neagra, a apelor uzate
neepurate si se realizeaza tratarea eficientd a acestora
lastandardele prevazute de UE.
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Constanta Sud WWTP [9]

The plant services nearly three quarters of the
population equivalent of Constanta and takes 60% of
the waste water circulated through the city network.
Daily, 100 tons of dewatered sludge resulting from the
treatment process leave the plant. Upgrading works
will ensure removal of extremely dangerous
compounds, nitrogen and phosphorus, from the
treated water that reaches the Black Sea, sludge
fermentation process will be reduced to eliminate
odor and a biogas generator unit will be built. To
reduce maintenance costs, three wind turbines will
be installed and a generating unit that will work with
biogas from the fermentation process will be built.
Thus, it will provide even more energy than is actually
required for plant operation, and the surplus will be
transferred, free-of-charge, to the electricity network
of the city [9]. The work is expected to be completed
in late 2013. A total of over 15.7 million lei will be
invested, without VAT. The investment contract is part
of the "Rehabilitation and modernization of water
supply and sewage in the Constanta-lalomita region"
project, as part of SOP Environment.

Mangalia WWTP [9]

The new investment will service a population of
45,000 inhabitants during the winter, and more than
100,000 people duringthe summer season.

Contracts for execution of works "Wastewater
Discharge Pipeline in the Black Sea from Mangalia City
Treatment Plant" will have a major impact on the
environment. It regards bathing water quality, its
purity, raising the dolphin flag on the beach, which
means that tourism will develop significantly. The
discharge pipeline in Mangalia will be operated by the
Mangalia wastewater treatment plant, which is
operational and transports purified water at a distance
of 3kmand a half at sea. Investmentin Mangalia WWTP
amounts up to 4 million euro.

Cernavoda WWTP [9]

It will continue to ensure all technological
processes necessary, with subsequent construction of

SE Constanta Sud [9]

Statia deserveste aproape trei sferturi din numarul
de locuitori echivalenti ai municipiului Constanta si preia
60% din apa uzata vehiculata prin reteaua orasului. Zilnic,
de aici sunt transportate 100 de tone de namol
deshidratat, rezultat din procesul de epurare. Prin
lucrarile de modernizare, vor fi eliminati din apa epurata
care ajunge in Marea Neagra compusii extrem de
periculosi, azotul si fosforul, se va reduce procesul de
fermentare a namolului, pentru a disparea mirosul
neplacut si se va construi un grup generator pe baza de
biogaz. Pentru a reduce costurile de mentenanta, se vor
instala trei turbine eoliene si se va construi un grup
generator care va functiona cu biogazul rezultat in urma
procesului de fermentare. in acest fel, se va asigura chiar
mai multa energie decat cea necesara in prezent pentru
functionarea statiei, urmand ca surplusul sa fie varsat,
gratuit, in reteaua de energie electrica a orasului [9].
Lucrdrile se estimeaza ca se vor incheia la finele anului
2013. n total, vor fi investite peste 15,7 milioane de lei,
fara TVA. Contractul de investitii face parte din Proiectul
,Reabilitarea si modernizarea sistemului de alimentare
cu apa si de canalizare din regiunea Constanta-lalomita“,
fiind componenta a Programului Operational Sectorial
de Mediu.

SE Mangalia [9]

Noua investitie va deservi pe timpul iernii o
populatie de 45.000 locuitori, iar pe timpul sezonului
estival, peste 100.000 de locuitori.

Contractele de executie a lucrarilor ,,Conducta de
descarcare in Marea Neagra aferenta Statiei de Epurare
Mangalia" vor avea un impact major asupra mediului.
Este vorba despre calitatea apei de imbaiere, despre
puritatea ei, punand pe plaja steagul cu delfin, ceea ce
fnseamna ca turismul va avea o dezvoltare deosebita.
La conducta de descarcare in mare de la Mangalia va
opera Statia de epurare de la Mangalia, care este in
functiune si duce apa epurata la 3 km si jumatate in
largul marii. Investitia de la Statia de Epurare Mangalia
are valoarea de 4 milioane de euro.

SE Cernavoda [9]

Sevaasigurain continuare intregul flux tehnologic
necesar, continuandu-se cu constructia statiei de
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the treatment plant in two stages, plus the sludge
treatment plant, having capacity for a maximum flow of
200 liters/second, ending with the system of
discharging treated water in the discharge channel of
cooling water from CNE Cernavoda. According to data
from the project, the plant will be designed for a daily
flow of wastewater of 17,280 cubic meters/day, of
which 60% will be allocated to the population, in
relation to its daily consumption, generated by 34,230
inhabitants. The construction was sized for these
values ®aking into account the prospects of population
growth until 2020. Not only does the investment meet
the needs of the population and the ecosystem, but it
will also improve infrastructure by establishing a
centralized wastewater collection system through the
sewage network, leading to protection of groundwater
through the abolition of discharges to the ground
surface.

Arad WWTP [10, 11]

For the "Rehabilitation of wastewater treatment
facilities to protect the Mures river, located in Arad,
Arad County" project 18 million euros were allocated,
of which 13.5 million euros (75% of funding) is a grant
from the European Union (allocated from the ISPA
fund) and 4.5 million euros (25% of funding) is an EBRD
loan made By CAA Arad and guaranteed by Arad County
Council.

Construction works were conducted in 2004-
2008. The main objective of the rehabilitation project
was to render the treatment process effective so that
the wastewater treatment plant effluent would be
within the limits set by Romanian and the European
Community standards, as well as those stipulated in
the cross-border agreement. At the end of this
project, Arad had a modern and clean treatment
plant, with advanced technology for water treatment
which will have a positive impact on the city and the
environment. The quality of the discharged water has
increased significantly, providing intensificationin the
use of the Mures river area as a place of recreation
(camping, fishing, swimming) and local tourism
development.
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epurare in doua trepte, plus cea de tratare a
namolurilor, capacitatea pentru un debit maxim de 200
litri/secunda, finalizdndu-se cu sistemul de evacuare a
apelor epurate in canalul de descarcare a apelor de
racire de la CNE Cernavoda. Potrivit datelor din proiect,
statia va fi dimensionata pentru un debit zilnic al apei
uzate de 17.280 mc/zi, din care 60% va fi alocat
populatiei, raportat la un consum zilnic al acesteia,
generat de 34.230 de locuitori. Dimensionarea
constructiei pentru aceste valori s-a facut luandu-se in
calcul perspectivele privind cresterea numarului de
locuitori pana la nivelul anului 2020. Investitia nu
numai ca vine in intdmpinarea necesitatilor populatiei
si ecosistemului, dar va imbunatati si infrastructura
prin realizarea unui sistem centralizat de colectare a
apelor uzate prin reteaua de canalizare, ducand la
protejarea apelor subterane prin desfiintarea
descarcarilor la nivelul suprafetei solului.

SE Arad [10, 11]

Pentru proiectul "Reabilitarea Facilitatilor de
tratare a apelor uzate pentru protejarea raului Mures,
localizat in Arad, judetul Arad" au fost alocate 18
milioane de Euro din care 13,5 milioane Euro (75% din
finantare) reprezinta un imprumut nerambursabil de la
Uniunea Europeand (alocat din fondul ISPA), iar 4,5
milioane Euro (25% din finantare) este imprumut BERD
facutde CAA Arad sigarantat de Consiliul Judetean Arad.

Lucrarile de constructii s-au desfasurat in
perioada 2004-2008. Obiectivul principal al
proiectului de reabilitare a fost eficientizarea
procesului de tratare astfel incat efluentul Statiei de
Epurare sa se incadreze in limitele prevazute de
standardele romanesti, cele ale Comunitatii
Europene si cele prevazute Tn acordul
transfrontalier. La finalul acestui proiect, Aradul are
o Statie de Epurare moderna, curata, cu o tehnologie
avansata de tratare a apei care va avea un impact
pozitiv asupra orasului si asupra mediului. Calitatea
apei deversate a crescut simtitor, asigurand
intensificarea folosirii zonei raului Mures ca loc de
agrement (camping, pescuit, Tnot) si pentru
dezvoltarea turismuluilocal.
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Cluj-Napoca WWTP [12]

The wastewater treatment plant in Cluj district
Someseni was modernized by means of the
"Rehabilitation and expansion of the Cluj-Napoca
treatment plant" contract, undertaken by the project
co-financed by the Cohesion Fund of the European
Union within the Sectoral Operational Programme
(SOP) Environment.

The Cluj-Napoca treatment plant (Someseni)
services the city of Cluj-Napoca and upstream villages
Floresti, Gilau, Baciu and Savadisla, about 360,000
permanent inhabitants or, where applicable, 440,000
people, if you take into account students and pupils
from other localities. After the modernization, the Cluj
plant can process no less than 111,000 cubic meters of
wastewater per day. In order to control excess flow, four
stormwater basins of 7,300 cubic meters were
arranged. As a novelty, the Cluj treatment plant has a
modern tertiary wastewater treatment stage, for
biological and chemical elimination of phosphorus and
nitrogen. Also, the treatment plant is a major producer
of green energy; about half of electricity and heat for its
operation is produced from biogas derived from
sewage sludge.

Upgrading the wastewater treatment plant from
Cluj-Napoca is part of major investment project
"Expansion and rehabilitation of water and wastewater
systems from Cluj/Salaj", co-financed by the European
Union, totaling 196.9 million euros, carried out by
SOMES Water Company between 2009 and 2013. Non-
reimbursable EU contribution amounts to 74%, that of
the Romanian Government to 11.3%, that of local
authorities in the project area to 1.9% and the
remaining 12.8% are obtained by SOMES Water
Company through a bank loan. Contract for
"Rehabilitation and expansion of the Cluj-Napoca
WWTP" amounts to over 147.95 million lei, without
VAT.

SE Cluj-Napoca [12]

Statia de Epurare din cartierul clujean Someseni a
fost modernizata prin contractul “Reabilitarea si
extinderea statiei de epurare Cluj-Napoca”, contract
derulat prin Proiectul co-finantat din Fondul de
Coeziune al Uniunii Europene in cadrul Programului
Operational Sectorial (POS) Mediu.

Statia de Epurare Cluj-Napoca (Someseni)
deserveste municipiul Cluj-Napoca si comunele din
amonte Floresti, Gildu, Baciu si Savadisla, cca 360.000
de locuitori stabili sau, dupa caz, 440.000 de locuitori,
daca sunt luati in calcul studentii si elevii din alte
localitdti. Tn urma lucrarilor de modernizare, statia din
Cluj poate sa proceseze nu mai putin de 111.000 de
metri cubi de apa menajera pe zi. Pentru controlul
debitului Tn exces au fost amenajate patru bazine de
colectare a apei pluviale de 7.300 metri cubi. Ca o
noutate, statia de epurare Cluj are o moderna treapta
tertiara de epurare a apelor uzate, destinata eliminarii
fosforului si azotului pe cale biologica si chimica. De
asemenea, Statia de Epurare este si un important
producator de energie verde, cca jumatate din
necesarul de energie electrica si termica pentru
functionarea ei fiind produs din biogazul rezultat din
namolul de epurare.

Modernizarea Statiei de Epurare Cluj-Napoca face
parte din proiectul major de investitii "Extinderea si
reabilitarea sistemelor de apa si apa uzata din judetele
Cluj / Salaj" co-finantat de Uniunea Europeand, in
valoare totala de 196,9 milioane euro derulat prin
Compania de Apa SOMES in perioada 2009-2013.
Contributia nerambursabila a Uniunii Europene se
cifreaza la 74%, cea a Guvernului Romaniei la 11,3%, a
autoritatilor locale din aria proiectuluila 1,9%, restul de
12,8% fiind obtinut de Compania de Apa SOMES prin
credit bancar. Contractul pentru "Reabilitarea si
extinderea statiei de epurare Cluj-Napoca" se ridica la
peste 147,95 milioane lei, fara TVA.
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Table 1: Existing treatment technologies in plants after upgrading
Tabelul 1: Tehnologii de epurare existente la statiile de epurare dupa modernizare

Constanta Sud
[13]

Mangalia [13]
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Conventional mechanical-biological
treatment, anaerobic sludge
stabilization, sludge dewatering and
storage

461.000 3.200 Plant upgraded through M.U.D.P. Il

Epurare conventionald mecano-
biologicd, stabilizarea anaerobd a
ndmolului, deshidratare si
depozitare ndmol
Statie modernizatd prin M.U.D.P. Il

Conventional mechanical-biological
treatment, anaerobic sludge
stabilization, sludge dewatering and
storage
Plant rehabilitated through LSIF
Epurare conventionald mecanico-
biologicd, stabilizarea anaerobd a
namolului, deshidratare si
depozitare namol
Statie reabilitatd prin LSIF

62.450 900

Advanced biological treatment
(nitrification, denitrification,
phosphorus chemical disposal),
UV disinfection, cogeneration
Epurare biologicd avansatd
(nitrificare, denitrificare,
eliminare chimica fosfor),
dezinfectie cu UV, cogenerare

Advanced biological treatment
(nitrification, denitrification,
phosphorus chemical disposal),
UV disinfection, effluent
discharge line at 2,000 m
offshore and -14 m level
Epurare biologicd avansatd
(nitrificare, denitrificare,
eliminare chimica fosfor),
dezinfectie cu UV, conductd de
descdrcare efluent in mare la
2000 min larg si cota -14 m
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Table 1: Continued
Tabelul 1: Continuare

Mechanical treatment stage,
biological treatment, sludge
treatment and dewatering

Arad [10, 11] - 976

Plant upgraded through I.S.P.A.

Treapta de tratare mecanicd,
tratarea biologicd, tratarea si

deshidratarea nadmolului

ELECTRE Il Method

The ELECTRE method, in its various forms, was
designed by Bernard Roy [14] in response to the
deficiencies of decision making [15, 16]. ELECTRE Il is
used when it is possible to quantify the relative
importance of the criteria [17]. Another feature of
ELECTRE method that sets it apart from other methods
isthe use of multiple criteria [18-23].

The algorithm [14] of the method involves the
following steps:

e Step 1:Editingthe reference project

Editing the specifications of the owner and a short
description of the problem.

e Step 2:The definition of the criteria

The software allows only five criteria in the
analysis. Descriptive data associated to the defined
criteriashould be introduced:

-the code of each criterion;

-thevalue of each criterion;

- the direction of each criterion: ascending/
descending.

Metoda ELECTREIII

Metoda ELECTRE, in diferitele sale forme, a fost
conceputa de Bernard Roy [14] ca raspuns la deficientele
existente de luarea deciziilor [15, 16]. Metoda ELECTRE IlI
este utilizatd atunci cand este posibila cuantificarea
importanteirelative a criteriilor [17]. O alta caracteristica
a Metodei ELECTRE care o distinge de restul metodelor
este utilizarea mai multor criterii [18-23].

Algoritmul [14] metodei presupune parcurgerea
urmatorilor pasi:

e Pasul 1: Editarea proiectului de referinta

Editarea caietului de sarcini al proprietarului si o
scurta descriere a problemei.

e Pasul 2: Definirea criteriilor de analiza

Software-ul permite doar 5 criterii in analiza.
Trebuie introduse date descriptive asociate criteriilor
definite:

-codul fiecarui criteriu;

-valoarea fiecarui criteriu;

- directia fiecarui criteriu: crescatoare/
descrescdtoare.
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The value of the criterion is a value which
expresses the relative importance of a criterion which
satisfies the other criteria. ELECTRE normalizes values
Sothatalladduptol.

e Step 3:Defining alternatives

The set of variantsis defined.

e Step 4: Evaluation of alternatives: the table of
performances

Once the criteria and variants are defined, the
software is runin order to introduce the data regarding
the performances of the variants and criteria. Atable of
performances is necessary, in which alternatives are
evaluated one by one, respecting each criterion. A
measurement scale is chosen that describes the
particulars of each variant associated with each
criterion. The available data from the general table of
performance built can be used, to see each feature of
each variant.

e Step5:Definingthresholds

The threshold is a limit which is chosen to
determine the point where each element changes
class. Thresholds are used to consider hesitation.
The ELECTRE Il method uses three types of
thresholds:

- the preference threshold, denoted by p, defines
the point where an element is strictly preferable in a
relationship with the other element;

- the indifference threshold, denoted by g, which
defines an interval in which 2 elements are considered
equal;

- the veto threshold, denoted by v, is a limit to the
credibility of the relationship between the 2 elements
isrefused.

The thresholds must be determined using the
following formula:

Valoarea criteriului este o valoare ce exprima
importanta relativa a unui criteriu care respecta
celelalte criterii. ELECTRE normalizeaza valorile, astfel
incat toate sdTnsumeze valoarea 1.

e Pasul 3: Definirea alternativelor

Se defineste setul de variante.

e Pasul 4: Evaluarea variantelor: tabelul
performantelor

Dupa definirea criteriilor si variantelor se ruleaza
programul pentru a introduce datele referitoare la
performantele variantelor si criteriilor. Este necesara
introducerea unui tabel al performantelor in care
variantele sunt evaluate una cate una, respectand
fiecare criteriu. Se alege o scard de masurd care sa
descrie datele particulare ale fiecarei variante cu
fiecare criteriu asociat. Se pot folosi datele disponibile
din tabelul general de performanta construit pentru a
vedea sireaminti caracteristicile fiecarei variante.

e Pasul 5: Definirea pragurilor

Pragul este o limita care este aleasa pentru a
stabili punctul de la care fiecare element isi schimba
clasa. Pragurile sunt folosite pentru a lua in considerare
ezitdrile. Metoda ELECTRE Il are trei tipuri de praguri
pe care le foloseste:

- pragul de preferinta, notat cu p, defineste
punctul de la care un element este strict preferat intr-o
relatie cu altelement;

- pragul de indiferenta, notat cu g, care
defineste un interval in care 2 elemente sunt
considerate egale;

- pragul de veto, notat cu v, este o limita la care
credibilitatea relatiei dintre 2 elemente este
refuzata.

Pragurile trebuie stabilite cu ajutorul urmatoarei
formule:

T.=a*g,(a)+P (1)

where:

. Tj is indifference, preference or the veto
threshold associated of j criterion;

- g,(a) is the performance of the variant
associated with j criterion;

« O is a coefficient from 0 to 1. It can also be
considered a percentage of version performance that
the decision maker has accepted;

- B isa coefficient that can be interpreted as the
amount that the decision maker would earn if he
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unde:

. Tj reprezinta indiferenta, preferinta sau pragul
deveto asociat criteriuluij;

- g,;(a) reprezintd performanta variantei a cu
criteriul asociat j;

. O este un coeficient de la 0 la 1. Poate fi
considerat si procentaj al performantei variantei pe
care decidentul a acceptat-o;

- B este un coeficient care poate fi interpretat
ca suma pe care decidentul ar castiga-o daca ar
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tolerates instead the change of the percentage. It is
expressed in the same measurement units as a
performancescale.

To determine thresholds, the decision maker must
determine the parameters a and b according to his
perceptions about the limits of preference and
indifference.

e Step 6: Calculation

We consider:

- W, thevalue associated with each g criterion;

- g,(a;) the performance of variant aj which
satisfiesthe &, criterion;

- ¢, indifference threshold;

- p; preference threshold.

The following index of the concordances c(a,b) is
calculated for each rewarded action of the decision
maker:

where: W = ZW,-
/= if

c,(a,b)=

Then, the discrepancy index is calculated using
the following relationship:

D,(a,b) =

where V; is the veto threshold, which means that any
credibility between aand bis refused if:

g (a)2g,(b)+v,(g,()).

c;(a,b)

if
0 dc}fé g,(b)<g,(@)+p,(g,(@)
I daci g, (b)>g,(a)+v,(g,(@)

tolera in schimb modificarea procentajului. Este
exprimat Tn aceeasi unitate de masura ca scala de
performanta.

Pentru a stabili pragurile, decidentul trebuie sa
stabileasca valorile parametrilor a si b in concordanta
cu perceptiile lui privind limitele preferintei si
indiferentei.

e Pasul 6: Calculul

Consideram:

* W, valoareaasociata fiecaruicriteriu &g;;

. gl.(a,.) performanta variantei aj care respecta
criteriul &;;

* 4, praguldeindiferenta;

o P;pragul de preferinta.

Urmatorul index al concordantelor c(a,b) este
calculat pentru fiecare actiune rdsplatita a
decidentului:

c(a,b)=(UIW)Y e, (a,b) )

unde:

1 daf:é gj(a)+qj(gj(a))2gj(b)
0 ddtd g,(a)+p,(g,(@)<g,®)

(3)

Apoi, indexul de discordanta este calculat cu
relatia urmatoare:

(4)

unde V; este pragul de veto, care inseamnd cd orice
credibilitate Tnintervalul a si b este refuzat daca:

g;(a)zg;(b)+v,(g,(b)).

D;fa,b)

gila) gilta)tqgial)

gifa)tpgial)

gila)+vlgila)) g;(b)

Figure 1. Ascending distillation
Figura 1. Distilare ascendenta

Then, the degree of the distance interval
(outranking) for any pair of variables (a, bPis calculated
asfollows:

Apoi, gradul de departare de interval (outranking)
pentru orice pereche de variante (a,b) este calculat
astfel:
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if
c(a,b) daca D (a,b)<c(a,b),Vj
c(a,b)*I1 ., (1-D;(a,b)) (1-c(a,b))

S(a,b) =

where J(a,b) is the set of criteria for which
Dj(a,b)>c(a,b).

Variants are ranked by distillation procedures.
Thus, aA=maxS(a,b) value is determined by considering
each pair of variables (a,b).Then, only the pairs of
variables that are sufficiently close to A are believed to
be accurate enough to be used in the thresholds
s(A).Then the threshold of Q(a) can be calculated, which
is the number of actions that are outside the range of a,
minus the number of actions outside a. The set of
actions with the highest Q(a) threshold will be called
the first distillate, D1. If D1 contains only the action, the
distillation procedure starts from A/D1, otherwise the
same procedure is applied to D1. If the second
distillation obtained, D2, is unique, the procedure is
repeated again in D1/D2 (except when D2 is equal to
zero); otherwise it is applied to D2 and so on until D1 is
used complete to start with A/D1. This procedure,
called descending distillation chain produces a first
ranking. A second classification is achieved through an
ascending distillation chain, where actions which have
the lowest grades are chosen first. These first two
rankings are then compared to each other. If there are
closed intervals, the decision maker considers an
average ranking. If they are very different, a further
studyis required.

e Step 7: The results obtained using ELECTRE I
[24].

ELECTRE Il shows the results for the descending
chain, the ascending chain and the final ranking. Then it
generates a graph of classification.

RESULTS AND DISCUSSIONS

ELECTRE IIl software is used for small-size
classifications, but yields very good results. In this
paper it was used to rank the main wastewater
treatment plants (WWTP) in Romania in terms of their
performance, namely: Constanta Sud WWTP, Mangalia
WWTP, Arad WWTP, Cluj-Napoca WWTP, Constanta
Nord WWTP and Cernavoda WWTP.
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(5)

unde J(a,b) este setul de criterii pentru care
Dj(a,b)>c(a,b).

Clasamentul variantelor se realizeaza prin
proceduri de distilare. Astfel, o valoare A=maxS(a,b)
este determinatd, considerand fiecare pereche de
variante (a,b). Apoi, doar perechile de variante care
sunt suficient de apropiate de A sunt considerate
corecte de folositin pragurile s(A). Apoi pragul Q(a) poate
fi calculat, care este numarul actiunilor care sunt in afara
intervalului lui a, minus numarul actiunilor exterioare lui
a. Setul de actiuni care au cel mai mare prag Q(a) va fi
numit primul distilat D1. Daca D1 contine doar actiunea,
procedura de distilare porneste din nou din A/D1;
contrar, aceeasi procedurd este aplicatd in D1. Daca a
doua distilare D2 care este obtinuta este singulara,
procedura este reluatd din nou in D1/D2 (cu exceptia
cand D2 este nul); altfel este aplicatd in D2 si asa mai
departe pana cand D1 este folosit complet pana aincepe
cu A/D1. Aceasta procedurd, numita lant de distilare
descendenta, produce o prima clasare. O a doua clasare
este obtinuta printr-un lant de distilare ascendent, in
care actiunile care au cele mai mici calificative sunt
retinute primele. Aceste doua prime clasamente sunt
apoi comparate intre ele. Daca sunt intervale inchise,
decidentul considerd un clasament median. Daca sunt
foarte diferite, este necesar un studiu mai aprofundat.

e Pasul 7: Rezultatele obtinute cu metoda
ELECTRE 111 [24].

ELECTRE IIl prezinta rezultatele pentru lang
descendent, lantul ascendent si clasamentul final.
Apoi, se genereazd un grafical clasificarii obtinute.

REZULTATE Sl DISCUTII

Software-ul ELECTRE Ill este folosit pentru
clasificari de mici dimensiuni, dar cu rezultate foarte
bune. In cadrul acestei lucrdri a fost folosit pentru
clasificarea principalelor statii de epurare din Romania
din punctul de vedere al performantelor acestora, si
anume: SE Constanta Sud, SE Mangalia, SE Arad, SE
Cluj-Napoca, SE Constanta Nord si SE Cernavoda.
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Input data for ELECTRE Il software were
processed from the county wastewater reports [9-12]
for 2011, taking into account key indicators (multiple
criteria): volume of treated water (m’), operating
expenses (lei), electricity consumption (KWh), specific
cost (lei/m’), according to Table 2.

Datele de intrare in software-ul ELECTRE Ill au fost
preluate din rapoartele judetene de epurare a apelor [9-
12] pentruanul 2011, luandu-se in considerare principalii
indicatori (criterii multiple): volum de ap3 tratatd (m’),
cheltuieli de operare (lei), energia electrica consumata
(KWHh), cost specific (lei/m’), conform Tabelului 2.

Table 2: Main indicators selected as multiple criteria
Tabelul 2: Indicatori principali selectati drept criterii multiple

A001

Constanta Sud 24.499.152

A003
Arad

321.673 777.962

3.901.375

4.361.520 0.1592 0.178

784.576 0.782 0.788

A005

17.062.
Constanta Nord 062.863

2.997.590

3.846.857 0.1757 0.226

The evaluation of treatment plants involves
comparison criteria, marked CRO1 to CRO5, associated
with subjective features, and each station was
considered avariant, marked A0O1 to A0O6.

After applying the calculation process, the
software provides detailed information that can be
foundin Figure 2.

Evaluarea statiilor de epurare presupune criterii
de comparare notate de la CrO1 la Cr05, avand asociate
caracteristici subiective, iar fiecare statie a fost
considerata ovarianta, notata dela A0OO1 la AOO6.

Tn urma aplicdrii procesului de calcul, software-ul
ofera urmatoarele informatii detaliate, care se regdsesc
in Figura 2.

X

Status:  Calculation Complete

Processing Alternatives:
Descending Distillation Ranks:
Ascending Distillation Ranks:
Ranks in Final Preorder:
Ranks in Median Preorder:

GO wwd

Figure 2. Calculation statistics
Figura 2. Statisticile calculului
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It is noted that the distillation is carried out in three
stages in both phases, descending and ascending, and that
theranking was obtained throughout the five stages.

In the next step the matrix of concordances is
calculated, presentedin Table 3.

Se observa ca procesul de distilare se realizeaza in
3 etape in ambele faze, descrescatoare si crescatoare si
ca s-aobtinut preclasamentul totin 5 etape.

La pasul urmator se calculeaza matricea
concordantelor, prezentata in Tabelul 3.

Table 3: Matrix of concordances
Tabelul 3: Matricea concordantelor

A001

A003

A005

The concordance values are easy to interpret.
Once the values of the criteria Rave been subjectively
established and similar values, the concordance can
be expressed as a percentage of the criterion for
which an alternative is better than another. For
example, a value of 0.80 to C(A1,A2) means that for 4
out of 5 criteria, alternative 1 was as good as
alternative 4. Only for criterion 1, alternative 2 was
superior to alternative 1.

By means of the distillation process, we obtained
rankings that take into account the criteria set out at
the beginning of the analysis. The ascending distillation
(Figure 3) was achieved from the lowest qualified
alternatives, following calculation, up to the alternative
with the best results, namely, alternative 1 represented
by Constanta Sud wastewater treatment plant.

Descending Distillation
Distilare descendenta

[ |

ADDDN
AD002
ADDOS
AD0D06

Valorile concordantelor sunt usor de interpretat.
Odata ce valorile criteriilor au fost stabilite subiectiv si
valori apropiate, valoarea concordantei poate fi
exprimata ca procent al criteriului pentru care o
alternativa este mai buna decat alta. De exemplu,
valoarea de 0.80 corespunzatoare C(A1, A2) inseamna
ca pentru 4 din 5 criterii, alternativa 1 a fost la fel de
buna ca alternativa 4. Numai pentru criteriul 1,
alternativa 2 afost superioara alternativei 1.

Cu ajutorul procesului de distilare, s-au obtinut
clasamente care tin cont de criteriile stabilite la
inceputul analizei. Distilarea ascendenta (Figura 3) s-a
realizat de la alternativele cel mai slab calificate Tn urma
calculului pana la alternativa cu rezultatele cele mai
bune, adica varianta 1 reprezentata de statia de
epurare Constanta Sud.

Ascending Distillation
Distilare dscendenta

A0003
A0004
ADDOG

A0002
A0005

Figure 3. Preliminary ranking provided by the distillation process
Figura 3. Clasamentul preliminar oferit de procesul de distilare
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Variants in the same box are ranked as occupying
the same place, which means they are equally good.
Based on this order, the final ranking is generated,
presentedin Figure 4.

Variantele din acelasi chenar sunt clasate pe
acelasi loc, adica sunt la fel de bune. Pe baza acestor
ordonari, se genereaza clasamentul final, prezentat in
Figura 4.

o]

oo |

A0002
A0005

Figure 4. The final ranking of variants (treatment plants)
Figura 4. Clasamentul final al variantelor (statiile de epurare)

It is noted that alternatives 2 and 5 are ranked on Se observa ca alternativele 2 si 5 sunt clasate pe

the same level, because the software is sensitive to
changesinthe thresholds and values.

From the graph generated by the software results
the final classification of treatment plants, presented in
Table 4.

acelasi nivel din cauza ca software-ul este sensibil la
modificarile pragurilor sivalorilor.

Din graficul generat de software rezulta
clasamentul final al statiilor de epurare prezentat in
Tabelul 4.

Table 4: Final ranking of the treatment plants
Tabelul 4: Clasamentul final al statiilor de epurare

1% Place

Locul 1 A001 Constanta Sud

rd
3 Place A006 Cernavoda
Locul 3
5" Place

Locul 5 A003 Arad
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Constanta Sud treatment plant ranked first,
because it has the largest quantity of treated water
with minimal energy consumed, followed by
Constanta Nord and Mangalia, Cernavoda, Cluj and
Arad.

Constanta Sud and Constanta Nord treatment
plants, belonging to the RAJA group [9], rank first, also
due to majorinvestments in retechnologization.

CONCLUSIONS

The purpose of this paper is to analyze the main
wastewater treatment plants (WWTP) in Romania and
to rank them in terms of operating performance
(energy and economic efficiency) in 2011, using the
ELECTRE lll method. The multiple criteria selected
were the volume of water treated (m’), operating
expenses (lei), electric energy consumption (KWh),
specific costs (lei/m’) which were used to rank
WWTPs using the ELECTRE Il method. The sensitivity
limit or robustness of analysis occurred because the
ranking process is considerably more sensitive to
changesin performance than to changesinvalues and
thresholds.

In the ranking obtained by applying the ELECTRE
Il method, Constanta Sud and Constanta Nord
treatment plants, belonging to the RAJA group,
ranked first due to major investments in
retechnologization.
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