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Objectives and purpose: The scientific journal “Environmental Engineering and Sustainable
Development Entrepreneurship” is an interdisciplinary publication that seeks scientific analysis in order to
achieve debates on environmental engineering and sustainable development entrepreneurship on local,
national or global level. Specifically, under the auspices of entrepreneurship and sustainable development,
the magazine will include scientific contributions in the fields of environmental engineering and the
management of enterprise and entrepreneurship, showing trends and challenges in the XXI century on
the sustainable development and environmental engineering issues. Contributions will offer to the readers,
original and high quality materials.

Readers: The scientific journal is designed to provide a source of scientific references to reach any
person which has the research activity in the field of global issues on environment and sustainable
entrepreneurship. The journal offers to teachers, researchers, managers, professionals, entrepreneurs,
civil society and political personalities, a tool to develop such a sustainable business, which protects the
environment.

Content: The scientific journal publish original papers, reviews, conceptual papers, notes, comments and
novelties.

Areas of interest: The main theme and objective of the scientific journal is environmental engineering
and sustainable development entrepreneurship; being no limit to articles which will be considered by the
editorial board.

+« Industrial Engineering

« Technologies and Equipment for Industrial Environmental Protection
¢ Industrial Engineering and Environment

% Materials Science and Engineering

< Entrepreneurship in Sustainable Development

+ Eco Responsible Entrepreneurship

« Social Entrepreneurship, etc.

Obiective si scop: Revista stiintifica ,Ingineria Mediului si Antreprenoriatul Dezvoltarii Durabile” este o
publicatie interdisciplinara care urmareste o analiza stiintifica in scopul realizarii unor dezbateri asupra
ingineriei mediului si antreprenoriatul dezvoltarii durabile pe plan local, national sau mondial. La nivel
concret sub auspiciile antreprenoriatului si dezvoltarii durabile revista va include contributii stiintifice din
domeniile ingineriei mediului, managementul intreprinderii si antreprenoriatului, prezentand tendintele si
provocarile secolului XXI in problematica dezvoltarii durabile si protectiei mediului. Contributiile vor avea
scopul de a oferi cititorilor materiale originale si de Tnalta calitate.

Cititori: Revista stiintifica este elaborata pentru a oferi o sursa de referinte stiinifice la indemana oricarei
persoane care are activitatea de cercetare in domeniul problemelor globale cu privire la protectia mediului,
antreprenoriat sau dezvoltarea durabila. Revista ofera cadrelor didactice universitare, cercetatorilor,
managerilor, profesionistilor, antreprenorilor, reprezentantilor ai societatii civile si personalitatilor din
politica, un instrument de lucru pentru a dezvolta astfel o afacere durabila protejand mediul inconjurator.

Continut: Revista stiinifica publica lucrari originale, recenzii, lucrari conceptuale, note, comentarii si noutafj.

Domenii de interes: Tema principala si obiectivele revistei stiintifice sunt ingineria mediului,
antreprenoriatul si dezvoltarea durabild, insa nu exista nici o limitare la articolele care vor fi luate in
considerare de catre comitetul stiintific al revistei.
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OPEN UNIVERSITIES TOWARDS THE
EUROPEAN SPIRIT - BETWEEN
TRADITIONALISM AND MODERNITY

Out of the various experience’ taken in the
recent years, the period during which Romania
has undergone the journey of accession
negotiation, of the actual accession, as well as
the spatial and temporal settlement and
accommodating the specific EU requirements, |
found that a unitary European education is
necessary for the adaptation of human resources
to the objectives of the new framework and their
materialization in the entire area, within the
funding cycles for an efficient and rational use of
the available resources. These things are more
obvious for the later additions, Romania itself
belonging to this category.

The purpose, thus defined, is based, in my
view, on the following objectives:

—  The development of the European spirit of
sustainable development in close contact with
the global realities, including national, regional
and local ftrends, by assimilating it to the
academic education and specialized training.
— Building and homogenization of European
policy and practice through the development of
research programs that relate to the European
space between the global trends and needs and
the desires manifested at a national, regional and
local level.
— Constant evaluation and updating, in
conjunction with the funding cycles, of the
European sustainable development policies, in
order to transform them into instruments of
economic and social homogenization within the
European space.
—  The achievement of university education
programs and specific professional training in
accordance with achieving the goals set out for a
sustainable European development, carried out
throughout the entire space, to ensure their
homogeneity.

What is the position of European universities
in achieving these objectives, essential for the
transforming processes?

! Life has carried me, apart from the position of Professor
(for which | have been preparing since 1979 and hold since
1996) also in public administration as the Prefect of Cluj
(2001-2004), in the position of parliamentary representation
as a deputy Member of Parliament (2004-2012 ), giving me
a deeper understanding of the fundamental things of the
world in which we live or will live.

UNIVERSITATILE DESCHISE
SPIRITULUI EUROPEAN INTRE
TRADITIONALISM S| MODERNITATE

Din diversele exprien;‘e7 avute in ultimii ani,
perioada in care Romé&nia a parcurs drumul
negocierii, aderéarii, asezéarii si al acomodarii
spatiale si temporale specifice cerintelor Uniunii
Europene, constat ca este necesara consolidarea
unei educatii unitare europene la nivelul adaptarii
resursei umane cu obiectivele noului cadru si a
materializarii acestora la nivelului intregii zone, in
cadrul ciclurilor de finantare pentru utilizarea
eficienta si rationald a resurselor de care se
dispune. Aceste lucruri sunt mai evidente pentru
cei sositi mai tarziu, Roménia aparfindnd acestei
categorii.

Scopul, astfel defint, se fundamenteaza,
din punctul meu de vedere, pe urmatoarele
obiective:

- Dezvoltarea  spiritului  european de
dezvoltare durabila la nivel realitdtilor globale,
care includ tendintele nationale, regionale si locale,
prin asimilarea acestuia la nivelul pregatirii
universitare si a  formdrilor  profesionale
specializate.

- Fundamentarea si omogenizarea politicilor si
practicilor europene prin dezvoltarea unor
programe de cercetare in care sa se coreleze
spatiul european intre tendintele globale si nevoile
si dorintele manifestare la nivel national, regional si
local.

— Evaluarea si actualizarea permanenta, in
corelatie cu ciclurile de finantare, a politicilor de
dezvoltare durabild europeand, in vederea
transformérii  acestora in  instrumente de
omogenizare economicd $i sociald a spatiului
european.

- Realizarea programelor universitare de
educatie si formare profesionald specifica, in
conformitate cu materializarea obiectivelor definite
ale dezvoltarii europene durabile, desfasurate, in
asigurarea omogenitéatii lor, la nivelului intregului
spatiu.

Care este pozitia universitatilor europene in
cadrul realizarii obiectivelor mentionate, esentiale
in cadrul proceselor transformatorii?

! Viata m-a purtat, in afara pozitiei de profesor

universitar pe care o pregatesc din 1979 si o detin
incepand cu 1996, la nivelul administratiei publice, ca
prefect al judetului Cluj (2001-2004), la pozitia
reprezentarii parlamentare, ca deputat (2004-2012),
dandu-mi o intelegere mai profunda asupra unor lucruri
fundamentale ale lumii Tn care traim sau vom trai.
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Before attempting an answer to this question |
would like to turn to an institutional European
Union point of view, expressed since 2006 within
the Oslo Agenda’: "The development of
European academic entrepreneurial education
is  significantly  affected by the internal
organizational structure of the educational
institutions. The faculties and departments tend to
work separately, an element which creates many
obstacles for the students in  pursuing
interdisciplinary courses. Also, the traditional
teaching methods do not really favor the
development  of  entrepreneurial  reflections.
Interdisciplinary and multidisciplinary collaboration
are essential in the development of entrepreneurial
skills.  The entrepreneurs and  businesses
professionals are rarely involved in professional
degree programs, without taking into account that
the involvement of true entrepreneurs in higher
education can compensate for a lack of practical
experience seen in the current generation of
teachers. Meanwhile, the European higher
education institutions do not cooperate sufficiently
and effectively with the alumni who have successful
entrepreneurial experience. Among others, the
mobility of teachers and researchers between
higher education institutions and enterprises is
overall very low and it is not actively encouraged.”
Considering  other  viewpoints listed
below: “Educational systems are required to
find the formula to new situations which require
a new type of thinking and action, different from
those of the past, triggering the realization that
the rescue of communities and nations becomes
a reality through the development of individuals
for the new requirements.”3, "Education and
professional training emphasize the need to
develop skills in the area of creativity and
innovation. They must determine: Generating
ideas for new products and services; Training
flexible and adaptable people to meet the
requirements of changing markets; Adapting to a
world where having a secure job for life is a
matter of the past”.(Ken Robinson, 2011)”, The
competencies required of higher education
graduates by the increasingly sophisticated
economies are the following: global insight;

2 The Oslo Agenda for Entrepreneurship Education in
Europa, Conference on ,Entrepreneurship Education in
Europa: Fostering Entrepreneurial Mindsets through
Education and Learning, Oslo 26-27 Octomber 2006.

3 Ken Robinson, O lume iesita din minti, Editura Publica,
2011, ISBN 978-973-1931-73-9.

4E Chambers, 1998.

Inainte de a formula un rdspuns la aceasté
intrebare, as prezenta un punct de vedere
institutional al Uniunii Europene, formulat incé din
2006 in cadrul Agendei de la Oslo®: ,Dezvoltarea
fnvataméntului  universitar  antreprenorial
european este sensibil afectatd de structura
organizationalé interné a institutiilor de invatdmant.
Facultatile si departamentele au tendinfa de a

munci separat, element ce creeaza multiple
obstacole studentilor in urmérirea cursurilor
interdisciplinare. De asemenea, metodele de

invatamaént traditional nu favorizeaza cu adevdrat
dezvoltarea reflexiilor antreprenoriale.
Interdisciplinaritatea si colaborarea pluridisciplinaré
sunt indispensabile in dezvoltarea aptitudinilor
antreprenoriale.  Antreprenorii  si  profesionistii
intreprinderilor sunt rareori implicati in programele
de studii, neconsiderdndu-se ca implicarea
adevaratilor antreprenori in invatamantul superior
poate compensa o lipsd a experientei practice
observate la actuala generatie de profesori. in
acelasi timp, institutile de invatdmant superior
europene nu colaboreazd suficient si eficace cu
vechii studenti care au experiente antreprenoriale
reusite. Intre altele, mobilitatea profesorilor si
cercetatorilor intre institutile de invétadmant
superior si intreprinderi este, in ansamblu, foarte
scazutd si ea nu este activ incurajata.”

Avénd in vedere si alte puncte de vedere,
enumerate in cele ce urmeaza: ,Sistemele
educationale sunt obligate in a gési formula in
care pentru situatiile noi se impune o géandire $i 0
actiune noua si diferitd de cele ale trecutului,
declansénd intelegerea faptului c& salvarea
comunitétilor si a natiunilor devine realitate prin
dezvoltarea indivizilor la nivelul noilor cerin,te.”3,
,Educatia si pregatirea profesionald subliniazé
necesitatea dezvoltdrii de competente in zona
creativitatii si inovatiei. Aceste trebuie sa determine:
Generarea de idei pentru produse si servicii noi;
Formarea oamenilor flexibili si adaptabili care sa
raspundé cerintelor de pe pietele in schimbare;
Adaptarea la o lume in care a avea un loc de
munca sigur si pentru toaté viata este o chestiune
care tine de domeniul trecutului. (Ken Robinson,
2011)” *, “Competentele cerute absolventilor
invatdmantului superior de economiile tot mai
sofisticate sunt urméatoarele; perspicacitate globala;

> The Oslo Agenda for Entrepreneurship Education in
Europa, Conference on ,Entrepreneurship Education in
Europa: Fostering Entrepreneurial Mindsets through
Education and Learning, Oslo 26-27 Octomber 2006.

3 Ken Robinson, O lume iesita din minti, Editura Publica,
2011, ISBN 978-973-1931-73-9.

4 E Chambers, 1998.
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knowledge of different cultures; technological
literacy, entrepreneurial skills; ability to lead
increasingly =~ complex  organizations. (E.
Chambers, 1998)”, | consider a redrafting of the
principles of organization and action s
necessary.

These objectives may be formulated as a
reference to a possible European Open University
in the following manner:

—  European Open University consists of three
levels of action in the name of space
consolidation of the European spirit: the Central
European level, the national level and regional
and local one. This will be manifested through
ECSD - European Centre for Sustainable
Development, NCED - National Center for
European Development, EDRC - European
Development Regional Center, which will
communicate both vertically and horizontally
through research programs, assessment and
continuous updating of the sustainable European
development policies and academic programs of
education and specific professional training.
Perhaps, given the current context that occurs
between different global areas, | believe that the
functioning in several areas, some even outside
of the European space, of such centers type
"EACK — European Adjacent Center for Knowledge
and Development" would be interesting.

— The University is not organized on the
traditional university structures, ie a structure that
includes the faculty and departments, namely the
verticality of a hierarchy. It will function based on
programs, which will be dependent on the
European requirements and objectives of the
various levels of their manifestation. Therefore, the
basic cell of university organization will be
research program, the evaluation program and the
training program. The last one could be o rganized
as a Master’s Degree Program (European Master’s
Program in land planning, European Master’s
Program in European law, European Master’'s
Program in European efficiency, European
Master’'s Program in European financing and so
on), continuous academic training and eventually
license programs.

— The academic staff will be selected
depending on the generated and existing
programs, according to the practical
performance criterion required mainly by
beneficiaries. It is also intended to create the
mobility of the academic body in the sense of
their participation in the places where the training

cunoasterea  diferitelor  culturi;  alfabetzare
tehnologicd; abilitati antreprenoriale; capacitatea
de a conduce organizatii tot mai complexe. (E.
Chambers, 1998)”, consider cd& sunt necesare
reformuldri la nivelul principiilor de organizare si de
actiune.

Aceste obiective ar putea sa fie formulate
astfel intr-o raportare la o eventuald Universitate
Deschisa Europeana:

—  Universitatea  Deschisd Europeand se
constituie din trei paliere de actiune in numele
spatiului consolidérii spiritului european: palierul
central european, palierul national si palierul
regional si local. Acestea se vor manifesta prin
CEDD - Centrul European a Dezvoltarii Durabile,
CNDE - Centrul National de Dezvoltare
Europeana si CRDE - Centrul Regional de
Dezvoltare Europeana, in care se va comunica in
spatiul vertical si orizontal prin programele de
cercetare, de evaluare si de actualizarea
permanenta a politicilor de dezvoltare europeana
durabild si prin programele universitare de
educatie si formare profesionald specifica. Poate,
avand in vedere contextul actual care se manifesta
intre diferitele spatii globale, consider cé& ar fi
interesaté functionarea in mai multe zone, unele
chiar in afara spatiului european, a unor centre de
tipul ,CADE - Centru Adiacent de Cunoastere si
Dezvoltare Europeana”.

—  Universitatea nu se organizeaza pe structurile
universitare traditionale, adicd o structurare ce
cuprinde facultatea, departamentele sau catedrele,
adica pe verticalitatea unei ierarhii. Ea va functiona
in baza programelor, care vor fi dependente de
cerintele si obiectivele europene pe diversele
paliere de manifestare ale acestora. Prin urmare,
celula de baza a organizarii universitare va fi
Programul de cercetare, Programul de evaluare i
Programul de formare. Ultimul dintre ele va putea fi
organizat la nivel de masterat (masterat european
de amenajare a fteritoriului, masterat european
asupra dreptului european, masterat european de
eficientd europeand, masterat european de
finantare europeand etc), programe de formare
universitaré continud gsi, eventual, programe de
licenta.

—  Corpul personalul didactic va fi selectionat, in
functie de programele generate si existente, dupéd
criteriul  performantelor practice solicitate cu
precadere de beneficiari. Se doreste, de
asemenea, crearea mobilitatii corpului universitar,
in sensul participarii acestora in locatile de
desfasurare a programelor de formare. Angajarea
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programs occur. The hiring of teachers will be for
the period of generation and development of the
project. This way, using the program-based
employment is carried out an active and effective
structure with a small and very competitive staff
which  meets the market requirements.
Employment within the University will be carried
out according to the specific criteria of the
European Union, even at the national and regional
centers.

—  The manner of communication will combine
direct form with the ever-increasing use of virtual
ones, used at the university level. This pathway
will establish a virtual platform where the
knowledge transmission speed, for the extremely
complex area, will approach those specific to the
real time.

After stating this point of view, | must admit
that this is only a solution, others being possible
as well, which should be expressed in a space
that is not indifferent to the university of tomorrow.
| do not expect its acceptance, just a smart
generation on how it will transform and modernize
the universities. Waiting is not an option, action
may be one, only where they are focused on the
main objectives of the requirements of
modernization and progress, pragmatically cast
by those who move things forward, namely by
entrepreneurs and businessmen.

Professor Vasile Filip SOPORAN, Ph.D.

personalului didactic se va face pentru perioada de
generare si de desfdsurare a proiectului. Prin
aceastd modalitate, a angajarii pe bazad de
program, se realizeazd o structurd activd i
eficientd cu un personal redus si deosebit de
competitiv la nivelul cerintelor pietei. Angajarea la
nivelul Universitatii se va face pe criteriile specifice
Uniunii Europene, chiar si la nivelul centrelor
nationale sisi regionale.

—  Modalitatea de comunicare va imbina forma
directa cu cele care utilizeaza formele virtuale din
ce in ce mai utilizate la nivel universitar. Aceasta
modalitate va pune bazele unei platforme virtuale
in care viteza de transmitere a cunostintelor,
pentru problematica deosebit de complexa a
domeniului, se apropie de cele specifice timpului
real.

Dup& enuntarea punctului de vedere,
recunosc faptul céd acesta este doar o solutie, fiind
posibile si altele care ar trebui exprimate intr-un
spatiu care nu radméne indiferent fatd de
universitatea de mdaine. Nu astept acceptarea
acestuia, ci doar o generare inteligenta asupra
modului in care se vor transforma si moderniza
universitatile. Asteptarea nu este o solutie,
actiunea poate fi, acestea doar in situatiile in care
acestea sunt canalizate pe obiectivele majore ale
cerintelor de modernizare si de progres exprimate
pragmatic de cei care duc lucrurile inainte, adica
de antreprenori si de oamenii de afaceri.

Prof.univ.dr.ing. Vasile Filip SOPORAN
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ANALYSIS OF LEAD LEACHABILITY FROM COMPOSITE
MATERIALS WITH CATHODE RAY TUBE GLASS CONTENT

ANALIZA LEVIGABILITATII PLUMBULUI DIN MATERIALE COMPOZITE CU
CONTINUT DE STICLA DIN TUBURILE CINESCOPICE
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Abstract: Waste electrical and electronic equipment (WEEE) is
the waste stream which, in recent years, has undergone a
galloping development. In developed countries, waste CRT
glass from dismantling WEEE are major challenges in recycling
electronic waste, due to their volume, high cost of recycling and
disposal restrictions.

This study analyses the lead leachability from the two
types of composite materials proposed as a method of recovery
of waste CRT glass. The two composite materials included the
same amount of waste CRT glass (panel and funnel), with the
difference that one has zeolite added, in order to study its
influence on the retention of the migration of lead.

The experimental results carried out to several pH
values, have shown that between the concentration of leached
lead from the sample containing zeolite and the one without
zeolite, is small difference. Also, the recorded values for Pb in
leached doesn’t exceed the maximum allowed concentration
(MAC) of specific Romanian landfilling legislation for lead
leachability from hazardous waste (MAC of 5.0 mg/kg). As a
result, the proposed composite material can be used as a safe
construction material for the environment.

Keywords: composite material,
zeolite.

CRT waste, WEEE, lead,

1. Introduction

Recycling of electrical and electronic equipment
(EEE) and the protection of human health are the
priorities of the EU Directive no. 65/2011, which
restricts the amount of hazardous substances in
EEE. EU sets targets, for the Member States,

Rezumat: Deseurile de echipamente electrice si electronice
(DEEE) reprezinta fluxul de deseuri care in ultimii ani a suferit o
dezvoltare galopants. In térile dezvoltate deseurile de sticla
CRT provenitd din dezmembrarea DEEE reprezintd provocari
majore in reciclarea deseurilor electronice, datoritad volumului lor,
a costurilor mari de reciclare, si a restrictiilor de eliminare.

Prezentul studiu analizeaza levigabilitatea plumbului,
din 2 tipuri de material compozit, propus ca metodd de
valorificare a sticlei CRT. Cele 2 materiale compozite
inglobeaza aceeasi cantitate de sticlad CRT (de front si de con),
cu deosebirea ca unul are adaos de zeolit, pentru a se studia
influenta acestuia in retinerea migrarii plumbului.

Rezultatele experimentale, efectuate la mai multe valori
de pH, au dovedit ca intre concentratiile de plumb din lexiviat
ale probelor ce contin zeolit si ale celor ce nu contin zeolit este
o diferentd micd. De asemenea, valorile de Pb inregistrate in
levigat nu depdgsesc concentratia maxima admisa de legislatia
romaneascé specificd pentru depozitarea deseurilor pentru
levigabilitatea plumblui, din deseurile periculoase(CMA de 5,0
mg/kg). Ca urmare, materialul compozit propus poate fi utilizat
ca material de constructie, in conditii de siguranta pentru mediu.

Cuvinte cheie: material compozit, deseu CRT, DEEE, plumb,
zeolit.

1. Introducere

Reciclarea echipamentelor electrice si electronice
(EEE) si protejarea sanatatii umane sunt prioritafile
Directivei UE nr. 65/2011, ce restrictioneaza
cantitatea de substante periculoase din EEE. UE
stabileste obiective, pentru statele membre, in

*Corresponding author / Autor de corespondenta:
Phone: +40 264/307030; Fax: +40 264/307032
e-mail: gabi.popita@yahoo.com
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regarding the annually collection and recycling
of WEEE quantities. Although the use of
hazardous substances in the manufacture of
EEE has been greatly reduced in recent years,
but technological limitations still requires the
presence of these substances. In developed
countries, the waste CRT glass from
dismantling WEEE represent a major challenge
in recycling of waste, due to their volume, high
cost of recycling and disposal restrictions. In

the EU, the disposal of WEEE separately
collected and untreated is prohibited [1].
Therefore, non-recycled / recovered WEEE

fractions are mostly stored in hazardous waste
landfills.

In Romania, statistic data validated by
NEPA (National Environmental Protection
Agency) shows that in 2010, the total collected
WEEE amount was 23,246.31 tonnes, and the
CRT glass waste is mainly present in IT and
telecommunications equipment (6,459.84
tonnes collected in 2010) [2].

Studies performed on WEEE samples
with CRT content, collected in Romania,
showed that the collected equipment is very old,
with high content of CRT (54%) [3]. Considering
this result, it follows that in the year 2010, in
Romania, were generated 3,488.31 tonnes of
CRT glass waste.

These wastes are classified in Romanian
legislation [4] as hazardous waste (code 16 02
15*) and represent an environmental problem,
for being accepted for disposal only in waste
dangerous landfills.

2. Materials and Methods

An environmentally friendly way to solve the
problem of waste disposal is to recover its CRT
glass waste by using as secondary raw
material. In the spirit of the sustainable
development concept, one of the proposed
solutions by the authors in a previous study was
a composite material containing CRT glass
waste, obtained with low energy consumption
and environmental emissions as low as
possible [5]. The use of waste glass (in sizes up
to 0.250 mm) in composite materials was
proved as being feasible, by a patented study
on concrete composite materials containing
non- hazardous waste glass [6].

ceea ce priveste colectarea anuala si reciclarea
DEEE. Desi utilizarea substantelor periculoase
in fabricarea EEE a fost redusa considerabil in
ultimii ani, limitarile tehnologice inca impun
prezenta acestor substante. in tarile dezvoltate
deseurile de sticla CRT provenita din
dezmembrarea DEEE reprezinta o provocare
majora in reciclarea deseurilor, din cauza
volumului lor, a costului ridicat de reciclare si a
restrictiilor privind eliminarea. In Uniunea
Europeana, eliminarea DEEE colectate separat
si netratate este interzisa [1]. Prin urmare,
fractile DEEE nereciclate / recuperate sunt, in
mare parte, stocate in depozite de deseuri
periculoase.

In Romania, datele statistice validate de
catre ANPM (Agentia Nationala pentru Protectia
Mediului) arata ca in anul 2010, cantitatea totala
de DEEE colectata a fost de 23.246,31 tone, si
deseurile de sticla CRT sunt prezente indeosebi
in echipamente IT si de telecomunicatii
(6.459,84 tone colectate in 2010) [2].

Studiile efectuate asupra esantioanelor de
DEEE cu continut de CRT colectate in Romania,
au aratat ca echipamentele colectate sunt foarte
vechi, cu continut mare de CRT (54%) [3]. Luand
in considerare acest rezultat, inseamna ca in
anul 2010, in Roménia s-au generat 3.488,31
tone de deseuri de sticla CRT.

Aceste deseuri sunt Tncadrate in legislatia
romaneasca ca deseuri periculoase (cod 16 02
15%) [4] si reprezintd o problema de mediu, fiind
acceptate pentru eliminare numai in depozitele
de deseuri periculoase.

2. Materiale si metode

Un mod ecologic de a
eliminarii deseurilor de sticla CRT este
valorificarea acesteia ca materie prima
secundara. In spiritul conceptului de dezvoltare
durabila, una dintre solutiile propuse de autori
intr-un studiu anterior a fost obtinerea unui
material compozit, cu continut de deseuri de
sticla CRT, cu consum scazut de energie si
emisii Tn mediu cat mai mici posibil [5]. Utilizarea
deseurilor de sticla (de marimi de pana la 0,250
mm) in materiale compozite s-a dovedit a fi
fezabila, printr-un studiu patentat prin care s-au
obtinut materiale compozite de beton cu deseuri
de sticla nepericuloase. [6]

rezolva problema
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Similar studies have proposed the recycling
of CRT glass waste by embedding the powder of it
in bricks [7] or in molten form, in glazes for
ceramics composition [8]. These methods are
intensive energy consumers because involves a
combustion stage. The environmental objective of
this study is to get a building material in the spirit of
the renewed Kyoto Protocol, which requires a
reduction of greenhouse gas emissions about 20%
from base year (1990), during the commitment
period of Romania (2013-2020) [9].

Aim of the study

The purpose of this study is to analyse the
leachability of lead from proposed composite
material, at different pH levels, with and without
lead chelating materials. The ultimate objective is
to verify the possibility of using the composite
material as a building material.

Experimentally obtaining of the composite
material

The crushed CRT glass waste, was
passed through a sieve, size 2.5 mm.
Subsequently, the CRT glass waste was used to
get the composite material by mixing with white
cement the CEM Il / AL 52.5 N, usually used to
obtain high-performance concretes [10].

The ratio between the front and cone
glass was varying, because the lead load
concentration in the two CRT glass fractions is
not the same. To the composite material
preparation was taking into account that the
recycler interest is to use as much as possible
of the fraction with greater environmental
impact (glass cone). For this study, four
composite material samples were made, with
the composition shown in Table 1. [5].

Studii similare au propus reciclarea sticlei
CRT prin inglobarea acesteia in caramizi, sub
forma de pulbere [7], sau in forma topita, n
compozitia glazurilor pentru materialele ceramice
[8]. Aceste metode sunt mari consumatoare de
energie, deoarece presupun o etapa de combustie.
Obiectivul acestui studiu Tn ceea ce priveste
protectia mediului este de a obtine un material de
constructie Tn spiritul Protocolului de la Kyoto
reinnoit, un material de constructie, care prevede
ca in perioada de angajament a Romaniei, 2013-
2020, reducerea de gaze cu efect de sera sa fie de
aproximativ 20% din anul de baza (1990) [9].

Scopul studiului

Scopul acestui studiu este de a analiza
levigabilitatea plumbului din materialul compozit
propus, la diferite nivele de pH, cu sau fara
materiale de chelatizare a plumbului. Obiectivul
final este de a verifica posibilitatea utilizarii
materialului compozit ca material de construcitii.

Obtinerea experimentala a materialului
compozit

Deseul zdrobit de sticla CRT a fost trecut
printr-o sita cu dimensiunea ochiului de 2,5 mm.
Ulterior, deseul de sticla CRT a fost utilizat
pentru a obtine materialul compozit prin
amestecarea cu ciment alb de tip CEM Il / AL
52.5 N, utilizat pentru obtinerea betonului de
inalta performanta [10].

Raportul dintre sticla de front si cea de
con a fost variabil, deoarece concentratia de
plumb din cele doua fractii de sticla nu este
aceeasi. La pregatirea materialului compozit s-a
finut cont si de faptul ca este importanta
utilizarea indeosebi a fractiei cu un impact mai
pronuntat asupra mediului (sticla de con).
Pentru acest studiu au fost confectionate patru
probe de material compozit, cu compozitia
prezentata in tabelul 1. [5]

Table 1.
Composite material samples structure [5].
Set Sample Cone glass content Cone glass dimension
(%) (mm)
25 1-3
A
50 1-3
a1l 25 7-8
B
b1 50 7-8

The composite material was moulded in the
small shapes of approximately 2 cm®, to reduce the
risk of non-homogeneity of the samples,
subsequently subjected to leaching tests (Figure 1).

Materialul compozit a fost turnat in forme mici,
de aproximativ 2 cm®, pentru a reduce riscul
neomogenizarii probelor supuse ulterior unor teste de
levigare (Figure 1).
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Figure 1. Composite material in mould.

The same formulation was applied to a 2nd
set of four samples, excepting the addition of
zeolite (10% of amount), to chelate the lead. About
using chelating materials, it have been performed
various studies, with good results, in order to retain
lead from CRT, biopolymers such as guar gum and
xanthan gum [11] or from wastewater, zeolite [12 -
15].

As a mention, the embedding zeolite in CRT
composite material is a new method, proposed to
track the behaviour of lead leaching. The
proportion of zeolite has been chosen taking into
account the waste water studies cited above, in
which a ratio of 2-10% zeolite was used.

In order to study the behaviour of lead
leaching, in the presence of zeolite, the same
conditions as in its absence, there were moulded
another four sets of samples, with the composition
shown in Table 2.

Table 2.

Aceeasi reteta a fost aplicata pentru un al 2-
lea set de patru probe, cu deosebirea ca a fost
adaugat zeolit in proportie de 10% pentru a chelatiza
plumbul. Despre utilizarea materialelor de
chelatizare, au mai fost efectuate studii, cu rezultate
bune, utilizand pentru retinerea plumbului din CRT
biopolimeri cum ar fi guma guar si guma xantan [11]
sau zeoliti [12-15] pentru apele uzate.

De mentionat este faptul ca inglobarea
zeolitului in materialul compozit cu CRT este o
metoda noua, propusa pentru a urmari
comportamentul plumbului la levigare. Proportia de
zeolit a fost aleasa luand n considerare studiile
pentru apa uzata, citate mai sus, care au utilizat un
raport de zeolit intre 2-10%

Pentru a studia comportamentul plumbului la
levigare, in prezenta zeolitului, in aceleasi conditii
ca in absenta acestuia, au mai fost turnate 4 seturi
de probe, cu compozitia prezentata in tabelul 2.

Structure of composite material with zeolite samples.

Cone glass content

Cone glass dimension Zeolite dimension

Set Sample (%) (mm) (mm)
alz 25 1-3 1-3
AlZ
b/z 50 1-3 1-3
allz 25 7-8 1-3
B/Z
b1/z 50 7-8 1-3
*z=zeolite
Analysis of Lead leachability from, Analiza levigabilitatii  plumbului  din

material

The four sets of samples (A, B, and A/Z,
B/Z) (shown in Tables 1 and 2) with and without
the addition of zeolite were subjected to ultrasonic
bath at different pH values, at the same period of
time (30 min). Each of the four sets of samples (A,
B, and A/Z, B/Z) was analysed at four specific pH
values (adjusted by titration with NaOH or HNO3),
as follows: pH=3, pH =5.5, pH =9 to 10 and
pH=12. The samples have been introduced into

materialului compozit

Cele patru seturi de probe (A, B si A/Z, B/Z)
(prezentate in tabelele 1 si 2) cu si fara adaos de
zeolit au fost supuse unei bai ultrasonice la diferite
valori ale pH-ului la acelasi interval de timp de 30
de minute. Fiecare dintre cele 4 seturi de probe (A,
B si A/Z si B/Z) a fost analizat la 4 pH-uri specifice
(reglate prin titrare cu NaOH sau HNO3), dupa cum
urmeaza: pH = 3, pH = 5,5, pH = 9-10 si pH = 12.
Probele supuse ultrasonarii, au fost introduse in
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the leaching solution just before to place it into the
ultrasonic bath (Figure 2), in order to avoid pH
changes due to the alkalinity of the cement. Then,
they were left in ultrasonic bath for 30 min, at room
temperature.

solutie doar fnainte de a fi introduse in baia de
ultrasonare (Figura 2), pentru ca sa nu apara
modificari de pH datorita bazicitatii cimentului. Apoi
au fost lasate la ultrasonare cate 30 minute, la
temperatura camerei.

Figura 2. Baia de ultrasonare S 10 H Elmasonic.

The lead content of the composite material
was determined by flame atomic absorption using
a spectrophotometer ZEEnit 700 (Analytic Jena)
(Figure 3).

Concentratia de plumb din materialul
compozit a fost determinata prin absorbtie atomica
de flacara, cu ajutorul unui spectrometru ZEEnit
700 (Analytic Jena) (Figura 3).

Figure 3. AAS ZEEnit 700 spectrophotometer (Analytic Jena).

3. Results and discussion

In the specific Romanian legislation for waste
landfilling is established a maximum allowed
concentration (MAC) of 0.2 mg/kg for lead
leachability from inert waste and 5.0 mg/kg for
the lead leachability from hazardous waste [16].

3. Rezultate si discutii

In legislatia romaneasca specifica pentru
depozitarea deseurilor, este stabilitd o concentratie
maxima admisa (CMA) de 0,2 mg/kg pentru
levigabilitatea plumbului din deseurile inerte si de
5,0 mg/kg din pentru levigabilitatea plumblui din
deseurile periculoase [16].
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Because there are no legislative provisions
to establish the concentration limits for heavy
metals in such composite materials, experimental
results for lead leachability (Figures 4 and 5) were
compared with landfill legislation MAC.

Datorita faptului ca nu existda prevederi
legislative care sa stabileasca concentratii limita
pentru metalele grele in astfel de materiale
compozite, rezultatele experimentale obtinute
(Figurile 4 si 5) au fost comparate cu CMA din
legislatia de depozitare a deseurilor.

0.05 73 mg/kg = MAC for hazardous _
0.045 -+waste — n
0.04 0.2 mg/kg = MACfor inert
0.035 +waste
¥ 003 ]
= D pH=3
E. 0.025
E Y s
~ B pH=5.5
2 0.02 —
0.015 - BpH=9
0.01 3 3] @ pH=12
0.005 -+ i ii
- : e ] IS
O 4. . cXd Z )
a b al bl
Sample
Figure 4. Lead leaching at various pH, during ultrasonic test - samples without zeolite.
0.025 5" mg/kg = MIAC for hazardous
waste
0.02 0.2 mg/kg = MAC for inert
waste
¥ 0.015
X -
- - D pH=5.5
£ 0.01
O pH=9
0.005 B pH=12
ala) ()] [a'aala)
0 == : H Z = : 2222 .
az bz alz blz
Sample

Figure 5 Lead leaching at various pH, during ultrasonic test — samples with zeolite.

Legend: ND — not detected

From figures 4 and 5 results that the
between the leached lead concentrations from the
samples containing zeolite and those not
containing zeolite, aren’t great differences, but it
can be seen the positive influence of the zeolite.

Due to the fact that the zeolite is not in
contact with the waste glass in an aqueous phase,
its action cannot be comparable to that in
suspension.

Din figurile 4 si 5 rezultd ca fintre
concentratiile de plumb din levigat ale probelor ce
contin zeolit si ale celor care nu contin zeolit nu
sunt diferente foarte mari, dar se poate observa
influenta pozitiva a zeolitului.

Datorita faptului ca zeolitul nu intra in
contact cu deseurile de sticla in faza apoasa,
actiunea acestuia nu poate fi comparabila cu cea
din suspensii.
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Experimental results have shown that
neither Lead registered value exceed CMA for
inert waste (0.2 mg/kg). A very good action of
the zeolite is observed in samples having the
glass cone (with bigger content of lead) of a
larger size 7-8 mm. Lead migrates with difficulty
from larger fractions except in very acid pH
medium.

While comparing the samples: a with a1
and b with b1 at pH 5.5, which mean close to the
normal work medium, samples containing waste
cone glass with the larger diameter had the best
results (from the mechanical point of view it didn’t
have the same properties). The best behaviour
had the samples with uniform grain of waste
glass.

Analysing the results it is observed that
whether the samples contain zeolite or not, the
Lead concentration in leached didn’'t exceed the
maximum permissible limit for inert waste. As a
result, the proposed method for recycling glass
waste CRT has a very low environmental risk; the
composite material can be successfully used as a
construction material.

Regarding the mechanical strength of the
zeolite composite material, goal is to conduct
further studies to analyse the viability of the
method, both in terms of environmental benefits
and in terms of cost, efficiency and practical
applicability.

4. Conclusions

In order to propose practical applications for the
obtained composite materials with CRT glass
waste, were studied lead leaching mechanisms
under different conditions, taking into account the
influence of the ratio CRT/cement, the CRT type
(panel/cone ratio) and the leachate pH effects.

The experimental results showed that no
samples exceed the Lead CMA for inert waste (0.2
mg/kg).

The addition of the zeolite in the composite
material composition, improves the behaviour of
the lead.

Leaching tests have shown that the
proposed material which incorporates CRT glass
waste can be used as a construction material.

The proposed method is very important in
terms of environmental protection, helping to solve
a major objective: the reduction of hazardous
waste disposal.

Rezultatele experimentale au demonstrat ca
nicio proba nu depaseste CMA pentru deseuri
inerte (0,2 mg/kg). O actiune foarte buna a
zeolitului se observa la probele care au sticla de
con (cu continutul cel mai mare de plumb) de
dimensiuni mai mari 7-8 mm. Plumbul migreaza
mai greu din fractiile mai mari, cu exceptia pH-ului
foarte acid.

Desi comparand probele a cu a1 si b cu b1
la pH 5,5 apropiat de mediile normale de lucru,
esantioanele cu continut de deseuri de sticla de
con cu diametru mai mare au avut rezultate mai
bune, din punct de vedere mecanic nu au avut
aceleasi proprietati. Cel mai bun comportament |-
au avut probele cu granulatie uniforma a deseurilor
de sticla.

Din analiza rezultatelor se observa ca,
indiferent daca probele au continut de zeolit sau
nu, concentratia plumbului in lixiviat nu a depasit
limita maxima admisa pentru deseurile inerte. Ca
urmare, metoda propusa pentru reciclarea
deseurilor de sticla CRT are un risc de mediu
foarte scazut, materialul compozit putand fi folosit
cu succes ca material de constructie.

In ceea ce priveste rezistenta mecanica a
materialului compozit cu zeolit scopul este de a
realiza studii suplimentare pentru a analiza
viabilitatea metodei atat din punct de vedere al
beneficiului de mediu, cat si din punct de vedere al
costului, eficientei si aplicabilitatii practice.

4. Concluzii

In scopul de a propune aplicatii pentru materialul
compozit cu CRT obtinut, au fost studiate
mecanismele de lixiviere a plumbului, Tn conditii
diferite, tindnd cont de influenta raportului
CRT/ciment, influenta tipului de CRT (raportul
panou si con) si de efectele pH-ului levigatului.

Rezultatele experimentale au demonstrat ca
nici o proba nu depaseste CMA a Pb pentru
deseuri inerte (0,2 mg/kg).

Adaosul de zeolit in compozitia materialului

compozit imbunatateste comportamentul
plumbului.
Testele de levigabilitate au aratat ca

materialul propus ce Tncorporeaza deseuri de sticla
CRT poate fi utilizat ca material de constructie.
Metoda propusa este foarte importanta din
punct de vedere a protectiei mediului si contribuie
la rezolvarea unui obiectiv important, cel al
reducerii depozitarii deseurilor periculoase.
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Further mechanical strength studies are required In continuare sunt necesare studii de rezistenta

for the zeolite-containing composite material. mecanica a materialului compozit cu continut de
zeolit.

Abbreviation list Lista de abrevieri

CRT- Cathode Ray Tube CRT — tub cinescopic

EEE — Electric and Electronic Equipments EEE — echipamente electrice si electronice

MAC - Maximum Allowed Concentration CMA — concentratia maxim admisa

NEPA — National Protection Agency ANPM- Agentia Nationala pentru Protectia Mediului

WEEE - Waste Electric and Electronic Equipments DEEE — degeuri de echipamente electrice i

electronice
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THE REMOVAL THROUGH INJECTION OF PRODUCED WATER, AN IMPORTANT
WASTE RESULTING FROM THE PROCESS OF NATURAL GAS EXTRACTION

ELIMINAREA PRIN INJECTIE A APEI DE ZACAMANT, UN DESEU IMPORTANT
REZULTAT iN URMA PROCESULUI DE EXTRACTIE A GAZULUI NATURAL

Maria Claudia OTGON?*, Tiberiu RUSU

Technical University of Cluj-Napoca, Faculty of Materials and Environmental Engineering, Department Environmental
Engineering and Sustainable Development Entrepreneurship, 103-105 Muncii Ave, Cluj-Napoca, Romania

Abstract: The paper shows that the sources which act on
environmental factors through specific agents are considered
possible pollutants, and also presents proposals for limiting the
risk of environmental pollution. Depending on the pollutants
physical and chemical properties, their aggressiveness toward
the air-water-soil system can be determined. The paper
approaches the method for eliminating one of the main wastes
resulting from the extraction of natural gas: produced water.
The produced water is removed through injection in the
injection wells. These waters are categorised as ground waters
which saturate the rocks found in proximity of the aquifer zone
of an oil or natural gas reservoir. The produced water is
syngeneic with hydrocarbons. In primary reservoirs it originates
from the oil generating matter, and in secondary reservoirs it
originates from the water of the sedimentation environment of
the rock in question. In shallow reservoirs, it is admitted that
part of the water is from infiltration [.

Keywords: reservoir water, waste, natural gas extraction,
pollution, injection wells

1. Introduction

Produced water is, in fact, salty water and it can be
considered as an aggressive and polluting waste
resulting in natural gas extraction activities. It has
negative impacts on the environmental factors over
time, especially on soil and water [1]. The objective
of the paper is to determine the characteristics of

this type of waste, specific to natural gas extraction.

The strong mineralisation (about 50-250 g salts per
litre, including sodium chloride, magnesium
chloride, calcium chloride, bromine, iodine,
hydrogen sulfide, salts of napthenic acids, etc.),
radioactivity, the organic content and their micro-
components are specific characteristics of produced
water [1 - 3]. Due to high specific weight (about
1.20), as well as its compressibility and capacity to
moisten collecting rocks better than oil, produced

Rezumat: In lucrare se arata faptul cé, sursele care actioneazé
asupra factorilor de mediu prin agentii specifici sunt considerati
posibili poluatori si de asemenea, se fac propuneri pentru
reducerea riscului de poluare pentru mediu. In functie de
caracteristicile si proprietatile lor fizico—chimice, se poate stabili
agresivitatea acestora in timp, asupra complexului aer-ap&-sol.
Lucrarea doreste sa trateze modul de eliminare al unuia din
principalele deseuri rezultat in urma extractiei gazelor naturale
si anume, apa de zdcamant. Apa de zacamant se elimina prin
injectie in sondele de injectie apd de zdcamant. Apele de
zdacamant fac parte din categoria apelor subterane care
satureaza rocile din zona acviferd a unui zdcdmant de petrol
sau gaze. Apa de zacdmant este singenetica cu hidrocarburile.
In zacamintele primare, ea provine din materia generatoare de
petrol, iar in cele secundare din apa mediului de sedimentare a
rocii respective. La zdcamintele putin adanci se admite ca o
parte din apa este vadoasa.

Cuvinte cheie: apa zdcamant, deseu, extractie gaze naturale,
poluare, sonde de injectie.

1. Introducere

Apa de zacamant, de fapt este o apa sarata si se
poate considera ca fiind un deseu poluant si
agresiv rezultat din activitatea de extractie a
gazului metan, cu efecte negative in timp asupra
factorilor de mediu, in principal sol si apa [1].
Obiectivul lucrarii este acela de a determina
caracteristicile acestui tip de deseu, specific
extractiei gazelor naturale. Mineralizatia puternica
(circa 50-250 g saruri la litru, intre care clorura de
sodiu, clorura de magneziu, clorura de calciu,
brom, iod, hidrogen sulfurat, saruri ale acizilor
naftenici, etc.), radioactivitatea, continutul Tin
substante organice si microcomponenti sunt
caracteristici specifice ale apelor de zacamant [1 -
3]. Datorita greutatii specifice ridicate (circa 1,20),
precum si compresibilitatii si capacitatii ei de a uda
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Environmental Engineering and Sustainable Development Entrepreneurship — Vol. 3, No. 1 (2014)

water represents a first-order energy agent in the
exploitation of a reservoir [3]. This waste is specific
to natural gas extraction and in order for it to be
disposed of as required by law, the total annual
quantity for 2013 resulted from drilling executed by
S.N.G.N. Romgaz S.A. (Tab. 1), and the total
injected quantity in the water injection wells have
been monitored, in accordance to the technical
requirements of the installations.

2. Produced water treatment through elimination
in injection wells

The removal of this type of waste is accomplished
according to the following schematic, in produced
water injection wells, Fig.1 [5]:

rocile colectoare mai bine decat petrolul, apa de
zacamant constituie un agent energetic de prim
ordin Tn exploatarea unui zacamant [3]. Acest
deseu este specific extractiei gazelor naturale, iar
pentru a fi eliminata conform cerintelor legale in
vigoare, a fost urmaritd cantitatea totala generata
pe anul 2013 in urma forajelor executate de
S.N.G.N. Romgaz S.A. (Tab.1) si cantitatea totala
injectata in sondele de injectie apa de zacamant,
conform cerintelor tehnice ale instalatiilor.

2. Tratatarea prin eliminare in sonde de injectie
a apei de zacamant

Eliminarea acestui tip specific de deseu se
realizeaza conform urmatoarei scheme, in sonde
de injectie a apei de zacamant, Fig.1 [5]:

Figure 1. Produced water injection schematic [5]

The fundamental equation of injection debit
[4] of water in a well (Eq.1), where:
K.= effective permeability of water
h = thickness of reception range
ua = dynamic viscosity of water
r, rs = radius of the current water front
advancement , of the well, respectively, is of the
form [2]:

Ecuatia fundamentala a debitului de injectie
[4] a apei intr-o sonda (Ec.1), unde:
Ka= permeabilitatea efectiva a apei
h = grosimea intervalului de receptie
la = vascozitatea dinamica a apei
re, Is= raza curenta a frontului de avansare a apei,
respectiv a sondei, este de forma [2]:

ad c
B 27ZhKa(P _Pinj )

Q

p
U, xIn=

(1)
;

S
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Pinjad = deep injection pressure
Pinj°= injection pressure corresponding to current
range

Deep injection pressure is corresponding to
the reception range and is expressed by:

P = Pinj + pagH

where:

Piny = pumping pressure

H = height of the water column in the injection well
pa = produced water density

Laboratory determinations of the water's
effective permeability through clean sand samples
have shown that it varies between 30-60% of the
absolute permeability, when water saturation levels
are between 70-80%.

Water’s viscosity (u,) can be measured or
can be approximated from graphical representations.
The thickness of the layer, h, is equal to the
thickness of the water receiving interval.

The effective radius, rs, of the well may vary
between a few centimetres and a few dozen
centimetres depending on its construction.

The current radius of the advancement front,
re, can be expressed at least roughly based on the
quantity of injected water and of the available
porous layer defined as the porous space occupied
by the interstitial water and gas. After establishing
the quantity and characteristics of produced water,
the next step is its treatment, according to
schematic 1 [7], making it ready for injection. Tab.
1 presents the injected volumes of produced water
from the gas-bearing structures of S.N.G.N.
Romgaz S.A,, for the year 2013 [6].

Table 1.

Pinjad = presiunea de injectie de adancime
Pinj°= presiunea de injectie aferenta razei curente

Presiunea de injectie de adancime este cea
corespunzatoare din dreptul intervalului de
receptie si se exprima prin:

P = Pinj + pagH

unde:

Pin = presiunea de pompare

H = Tnaltimea coloanei de apa din sonda de injectie
pa = densitatea apei de zacamant

Determinarile de laborator ale permeabilitatii
efective a apei pe probe de nisip curat au aratat ca
ea variaza Tintre 30-60% din permeabilitatea
absoluta, atunci cand saturatja in apa ia valori intre
70-80%.

Vascozitatea apei (u,) poate fi masurata sau
poate fi aproximata din reprezentari grafice.
Grosimea h a stratului este egala cu grosimea
intervalului care receptioneaza apa .

Raza efectiva rs a sondei, poate varia intre
cativa centimetri sau cétiva zeci de cm functie de
constructia ei.

Raza curentd a frontului de avansare, r,
poate fi exprimata cel putin iTn mod grosier, pe
baza cantitdtilor de apad injectatd si a stratului
poros disponibil definit ca spatiul poros ocupat de
apa interstitiald si de gaze. In urma stabilirii
cantitatii si a caracteristicii apei de zacaméant, se
trece la tratarea acesteia, conform schemei 1 [7],
in vederea injectdrii. In Tab. 1, sunt redate
volumele de apa zacamant injectate de pe
structurile gazeifere ale S.N.G.N. Romgaz S.A,, in
anul 2013 [6].

The injected volumes of produced water from the gas-bearing structures of S.N.G.N. Romgaz S.A., for the year 2013.

Gas-bearing structures,

produced water collection produced water

Number of gas wells

Collected and injected

Injection pressure subordinated to the

and injection points volumes [m3] [bar] collection and
injection points
Piscu Stejari (GJ) 45.000 60-70 46
Hurezani (GJ) 13.000 50 46
Bibesti (GJ) 6.750 - 12
Boldu (BR) 11.800* 75-80 11
Vladeni (DB) 1.450* - 11
Gradiste (VL) 1.190 60-70 8
Padina (BR) 1.085* - 7
21 Sadinca (SB) 100.700 80-90 62
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Schematic 1. Schematic for the treatment of produced water for the purpose of injecting into injection wells [7].

3. Properties of produced waters

Water is invariably present in oil and gas reservoirs,
being associated to the hydrocarbon system. It is
present in a large amount in the reservoir,
sometimes its volume being larger than that of the
hydrocarbon system. For the exploitation of the
reservoirs, several calculations and estimations
are needed: the volume occupied by water in the
reservoir, its advancement speed into the
productive zone, the scale of irreversible saturation
in the water, the type of produced water and
injected water, etc. [4].

Produced waters are mineralised, having in
their composition a great diversity of elements, as
a result of the waters’ dissolving action during
their circulation through the soil and underground
rocks.

The mineralisation of produced waters [3]

Produced waters contain large amounts of
chloride anions and sodium cations. Likewise, they
contain in variable amounts a great diversity of
cations, like: K *,Ca®*, Mg®", Li*, Fe**, and anions
like: SO42, HCO5', CO5>, NO5, Br, I'.

In produced waters the concentration of
anions and cations is varied.

The fact that waters held in different
production areas have different mineral
characteristics allows most of the time the
identification of the area of origin.

Behaviour of produced water volume [6]

The behaviour of produced water volumes
expressed through its volume coefficient (). The
volume coefficient is defined, same as the
monophasic volume coefficient of petroleum,

3. Proprietatile apelor de zacamant

Apa este prezenta invariabil in zacamintele de
petrol si gaze, fiind asociata sistemului de
hidrocarburi. Ea este prezentd in masura mare in
zacamant, uneori volumul acesteia fiind mai mare
decat volumul ocupat de sistemul de hidrocarburi.
Pentru exploatarea zacamintelor, sunt necesare
estimari si calcule de prevedere privind volumul
ocupat de apa in zacamant, viteza de Tnaintare a
acesteia Tn zona productiva, marimea saturatiei
ireductibile in apa, tipul apelor de zacamant si al
apelor injectate, etc. [4]

Apele de zacamant sunt ape mineralizate,
continand in compozitia lor o mare diversitate de
elemente, ca rezultat al actiunii de dizolvare
realizata de ape in timpul circulatiei lor prin rocile
solului si subsolului.

Mineralizarea apelor de zacamant [3]

Apele de zacamant contin in masura mare
anioni de clor si cationi de sodiu. Coniin de
asemenea, in masura mai mare sau mai mica o
diversitate mare de cationi ca: K * ,Ca*", Mg®, Li*,
Fe?*, si anioni ca: SO, HCOy, CO;%, NOg, Br, I'.
In apele de z&ca&mant concentratia in anioni si
cationi este foarte variata.

Faptul ca apele continute in diferite zone
productive au caracteristici diferite din punct de
vedere al mineralizatiei, permite in majoritatea

cazurilor identificarea zonei de provenienta.

Comportarea de volum [6]

Comportarea de volum a apei de zacamant
se exprima prin coeficientul de volum al acesteia
(B). Coeficientul de volum se defineste, la fel ca si
coeficientul de volum monofazic al petrolului, prin
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through the relation of the water occupied volume
in reservoir conditions and the water occupied
volume in normal (standard) conditions.

The volume in reservoir conditions is
identical with that of petroleum, larger than in
normal conditions. This time, however, due to the
low water solubility of gases, especially in
mineralised water, at equal influence and opposite
pressure and temperature sign, the occupied water
volume in reservoir conditions is smaller than that
occupied by “gas” in identical conditions.

The volume coefficient of freshwater
increases with the decrease of perssure, due to
the water's elastic expansion. The increase is
small because the compressibility of water is small,
smaller than the compressibility of water with
gases in its solution (the gas-water solution ratios
are very small) and greater than the
compressibility of mineralised water. For example,
it has been observed that produced water with a
gas content of 3,5-6 mc/mc water, has an 18%
larger compressibility coefficient than water without
dissolved gases, in the same conditions of
pressure and temperature.

The volume coefficient of water can be
estimated with the equation [4]:

ba = (1 + dvap)(1

The values resulted by using this equation
differs from experimental values with at most 1%.
This equation can be well used in the case of
mineralised waters also. The presence in the water
of salts leads to a small increase of the dvy
parameter and to a small decrease of the dv,,
parameter. This variation falls in the £ 1%, in the
regards of salt concentrations varying beteen 0-30%.

Specific weight of produced waters

The specific weight of produced waters is
larger than the specific weight of freshwaters. As
frequently seen variation limits: 1050-1190 kg/mc.
Regarding low mineralised waters, whose
composition is similar to freshwaters, the specific
weight in reservoir conditions can be estimated

[6]:

,Oat/ Pad=ba

It has been endeavoured to establish a
correlation between the water’s specific weight,
salt concentration and temperature, and between
the specific weight, salinity and water saturation
with gases. The correlations are useful when
there are no direct lab analyses available.

raportul dintre volumul ocupat de apa in conditii de
zacamant si volumul ocupat de aceasta in conditii
normale (standard).

Volumul in conditii de zacamant este ca si in
cazul petrolurilor, mai mare decat in conditii
normale. De data aceasta insa, datorita solubilitatii
mici a gazelor in apa, mai ales in apa mineralizata,
la influenta practic egala si de semn contrar a
presiunii i temperaturii, volumul ocupat de apa in
conditii de zacamant este mai mic decat cel ocupat
de "gaz” in aceleasi conditii.

Coeficientul de volum al apei dulci creste cu
scaderea presiunii  practic,c, numai datorita
expansiunii elastice a apei. Cresterile sunt mici
deoarece compresibilitatea apei este mica, mai
mica decat compresibilitatea apei cu gaze in
solutie (ratiile de solutie gaz-apa sunt foarte mici)
si mai mare decat compresibilitatea apei
mineralizate. S-a constatat, spre exemplu, ca o
apa de zacamant cu un continut de gaze in solutie
de 3,56 mc/mc apad, are un coeficient de
compresibilitate, la aceleasi conditii de presiune si
temperatura, mai mare cu 18% decéat in cazul in
care apa nu contine gaze dizolvate.

Coeficientul de volum al
estimat cu relatia [4]:

apei poate fi

dVat) (2)

Datele rezultate prin calcul folosind aceasta
relatie difera cu pana la 1% de valorile obtinute
experimental. Aceasta relatie poate fi folosita bine si
in cazul apelor mineralizate. Prezenta sarurilor n
apa conduce la o crestere mica a termenului dvy Si
o scadere mica a termenului dv,,, variatie care se
incadreaza aproximativ in gama * 1% in domeniul
concentratiilor in saruri variind intre 0-30%.

Masa specifica a apelor de zacaméant

Masa specifica apelor de zacamant este mai
mare decat masa specifica a apelor dulci. Ca limite
de variatie mai des intalnite, 1050-1190 kg/mc. in
cazul apelor slab mineralizate, a caror compozitie
este apropiatd de compozitia apelor dulci, masa
specifica in conditii de zacamant, se poate estima
ca fiind [6]:

©)

S-a incercat stabilirea unor corelari intre
masa specifica a apei, concentratia in saruri si
temperatura si intre masa specifica, salinitate si
saturarea apei cu gaze. Corelarile sunt utile in
masura in care nu se dispune de determinari
directe Tn laborator.
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Viscosity of produced waters

Being a necessary parameter in calculations
regarding the exploitation behaviour of reservoirs,
water viscosity has been studied especially for
non-mineralised waters. Water viscosity varies with
temperature and pressure in narrower limits than
oil, but in the same sense.

Experimental studies have shown that water
viscosity increases with the quantity of dissolved salts.

Compressibility of produced water

The compressibility coefficient of water was
systematically determined for non-mineralised
water [3]:

='1/Va

Due to the existence of some gas solubility
in water, the compressibility coefficient is larger for
water in reservoir conditions. As the salinity of
water increases, the quantity of dissolved gases in
water decreases. Jones, starting from Dodson and
Standing’s graphical solution, has proposed an
analytical solution for estimating the produced
water’s compressibility coefficient [2]:

Véscozitatea apelor de zacamant

Parametru necesar a fi cunoscut in calculele
de prevederea comportarii in exploatare a
zacamintelor, vascozitatea apelor a fost studiata in
special pentru apele nemineralizate. Vascozitatea
apei variaza cu temperatura si presiunea in limite
mai restranse decéat petrolul, dar in acelasi sens.

Din experiente, a rezultat ca véascozitatea
apei creste cu cantitatea de saruri dizolvate.

Compresibilitatea apelor de zacamant

Coeficientul de compresibilitate al apei a fost
in mod sistematic determinat pentru apa
nemineralizata [3]:

(4)

Deoarece existd o oarecare solubilitate a
gazelor in apa, coeficientul de compresibilitate
este mai mare in cazul apei prezente in conditii de
zacamant. Cu cat salinitatea apelor creste, cu atat
cantitatea de gaze dizolvata in apa este mai mica.
Jones, pornind de la metoda grafica a lui Dodson
si Standing, a propus o solutie analitica pentru
estimarea coeficientului de compresibilitate al apei
de zacamant [2]:

fa = Pad(1 + 0,0230733 ryy) (5)

where:

- Ba is the compressibility coefficient of produced
water, m?/N

- Bagis the compressibility coefficient of freshwater
- I4a is the ratio gas-water, in m°N/m°

Groundwater associated with hydrocarbon
reservoirs

Besides the practical interest regarding the
obtaining of hydrocarbon reservoirs during
exploitation, groundwater linked to hydrocarbon
structures present an economical interest through
their use in spas (Govora, Sarata, Bazna) as well
as a scientific interest regarding their migrations or
their relations with groundwater from the superior
horizons. Their genesis has been debated, at one
moment, between the advocates of different
produced water genesis theories.

Contamination of groundwater

Through contamination or pollution, the
organoleptic, physical, chemical and
bacteriological properties of water are modified.
The causes of groundwater contamination can be
direct (for example the introduction of harmful

in care:

- B, este coeficient de compresibilitate al apei de
zacamant, m?/N

- Bag €ste coeficient de compresibilitate al apei dulci

- Iga €ste ratia de solutie gaz-apa, in m*N/m?

Apele subterane asociate zacamintelor de
hidrocarburi

In afara interesului practic, legat de obtinerea
zacamintelor de hidrocarburi in timpul exploatarii,
apele subterane legate de structurile de hidrocarburi
prezinta si interes economic prin valorificarea lor in
scopuri balneare (Govora, Sarata, Bazna) cat si
stiintific, legat de migrarea lor sau de relatjile cu apele
subterane din orizonturile superioare; geneza lor a
constituit intr-o etapa datda o confruntare intre
sustinatorii uneia sau alteia dintre teoriile referitoare
la geneza apelor de zacamant.

Impurificarea apelor subterane

Prin impurificarea sau poluare, se modifica
proprietafile organoleptice, fizice, chimice si
bacteriologice ale apei. Cauzele impurificarii apelor
subterane pot fi directe (de exemplu introducerea
elementelor nocive prin deversarea apelor reziduale
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elements through wastewater spilling in an
abandoned well) and indirect, determined by the
change in local hydrodynamic conditions, which
have as a result an intake of already polluted water
or with inadequate natural qualities (for example:
salty waters).

The contamination of groundwater can be
occur through underground work (drilling, oil and
gas pipelines, underground tanks) when no
prevention methods are applied, such as the
temporary storage of the water in well isolated
tanks (Fig. 2).

Deep drilling can cause the contamination
of salt water horizons with impure water horizons
(even when they are separated by a waterproof
layer), if the column with which the well was
cased is damaged and allows somewhat
important losses. Furthermore, a well can
contaminate another, as it happens with
abandoned wells which have not been closed.

intr-un put abandonat) si indirect, determinate de
schimbarea conditiilor hidrodinamice locale, care
au ca urmare un aport de apa fie deja poluat, fie cu
calitati naturale necorespunzatoare (de exemplu:
de ape sarate).

Impurificarea apei subterane se poate
produce prin lucrari subterane (foraje, conducte de
petrol si gaze, rezervoare subterane) in cazul in
care nu se iau masuri de prevenire, prin
depozitarea temporara a acesteia in habe bine
izolate (Fig. 2) .

Saparea de foraje adanci poate provoca
contaminarea orizonturilor de apa curata de catre
orizonturi cu apa impurificata (chiar cand ele sunt
separate de un strat impermeabil), daca coloana
cu care s-a tubat sonda este deteriorata si permite
pierderi mai mult sau mai pufin importante pe
langa ea. De asemenea, o sonda poate determina
impurificarea alteia, agsa cum se intdmpla in cazul
sondelor abandonate care nu au fost inchise.

Figure 2. Produced water storage tanks [5].

4. Conclusion

In Romania, nowadays, due to the poor performing
purification technology, treated produced water is
injected for production purposes only in a part of
the wells, those in which the reservoir's rock
characteristics allows the injection of water treated
to a relatively low purity level (waters with a
content of hydrocarbons and solid suspensions of
up to 80 mg/l). In contrast, the rocks with limited
permeability do not allow treatment through
existing wastewater purification technology and

impedes the reinjection for gas extraction purposes.

4. Concluzii

In Romania, in prezent, datoritd tehnologiei
neperformante de purificare, apa de zacamant
tratata se reinjecteaza in scop de productie numai
la o parte din sonde, acelea la care caracteristica
rocii zacamantului permite injectia apei tratate la
un nivel relativ scazut de puritate (ape cu un
continut de hidrocarburi si de suspensii solide de
pana la 80 mg/l). Dimpotriva, rocile care au
permeabilitate limitatda, nu permit tratarea prin
tehnologia existenta de purificare a apei uzate si
impiedica reinjectia in scop de extractie a gazului.
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Thus, the resulting water is injected in exhausted
reservoirs for storage purposes, the whole quantity
of water originated in the extraction process being
directed for elimination in gas wells which have
been taken out of the production flux. In these
cases, the economic disadvantages are significant
and are determined by the increase in production
costs associated with water preparation for
injection. These are significant costs, to which the
costs of storing wastewater at great depth are
added. There are negative influences to the
environment, determined by the removal from
surface water circuit of a large quantity of water,
utilised in the preparation of injection water for
production purposes (the consumption of water
versus extracted gas can sometimes reach the
ratio of 1 to 9). Making investments in advanced
treatment facilities will ensure a qualitative
performance of all the complex phases of
purification, separation, degasification, treatment
and filtration of produced water, with an optimised
economic efficiency and at the highest
technological performance.
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Abstract: The presence of petroleum hydrocarbons in the soil
is a widespread environmental problem worldwide, which often
leads to the need for cleaning contaminated sites. The influence
of organic fertilizer (manure) on the bioremediation of soil
artificially contaminated with diesel fuel was determined over a
period of six weeks since the controlled contamination of soil at
an interval of three weeks. There were 12 soil samples (400
g/sample) of which three samples (C; C, and C3) were
contaminated with 6%, 8% and respectively 10% diesel fuel and
then they were treated with 80 g manure from three species of
animals (poultry, cattle and swine); the samples were kept in
the laboratory at a temperature of 22°C, watered and
thoroughly mixed every four or five days in order to aerate and
homogenize.

Keywords: soil, bioremediation, biostimulation, organic fertilizer,
diesel fuel.

1. Introduction

The ability of microorganisms to transform
environmental contaminants in final products which
are harmless to human and the environment has
been a subject of laboratory investigations since
the 60s. [1]

Contaminants in soil and groundwater are
degraded mainly by bacteria and fungi [1], the
main types of bacteria and fungi responsible for
degrading oil being represented by Pseudomonas,
Achrobacter, Bacillus, Micrococcus, Trichoderma,
Penicillium si Aspergillus. [2]

The process of biodegradation is developed in
a chain reaction, the carbon compounds being
transformed by successive degradation in less
complex molecules, until obtaining  simple
subproducts such as water and carbon dioxide. [3, 4]

Natural attenuation is based on natural
conditions and native microorganisms’ behavior in

Rezumat: Prezenta hidrocarburilor petroliere in sol, este o
problema de mediu raspéandita la nivel mondial, care duce de
cele mai multe ori la necesitatea curdtarii siturilor contaminate.
Influenta ingrdsd@méntului organic (gunoi de grajd) asupra
bioremedierii solului contaminat artificial cu motorind a fost
determinatd pe o perioada de 6 sdptaméni de la poluarea
controlata a solului la un interval de 3 saptdmani. Probele de
sol in numér de 12 (400 g sol/probd) din care trei probe de
control (C; C, Cs) au fost poluate controlat cu 6%, 8% si
respectiv 10% motorind dupa care au fost tratate cu 80 g gunoi
de grajd provenit de la trei specii de animale (paséri de curte,
bovine si suine), probele fiind pdastrate in laborator la
temperatura de 22 C, udate si amestecate intens la interval de
patru, cinci zile in vederea aerarii $i omogenizarii.

Cuvinte cheie: sol, bioremediere, biostimulare, ingradsdmant
organic, motorina.

1. Introducere

Capacitatea  microorganismelor de a
transforma contaminantii din mediu in produse
finale inofensive pentru om si mediu a fost un
subiect de investigatii de laborator Tncepand cu
anii '60. [1]

Contaminantii din sol si apele subterane sunt
degradati in principal de bacterii si ciuperci [1],
principalele bacterii si genuri de ciuperci responsabile
de degradarea petrolului fiind reprezentate de
Pseudomonas, Achrobacter, Bacillus, Micrococcus,
Trichoderma, Penicillium si Aspergillus. [2]

Procesul de biodegradare se dezvolta printr-o
reactie de lant, compusii carbonici fiind transformati
prin degradare succesiva Tn molecule mai putin
complexe pana la obtinerea de subproduse simple
cum sunt apa si dioxidul de carbon. [3, 4]

Atenuarea naturald se bazeaza pe conditiile
naturale si  comportamentul microorganismelor
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the soil, human intervention being minimal, only for
monitoring. [5] Bioaugmentation means the
introduction of exogenous microorganisms from
outside of the soil environment, which are capable
to detoxify the contaminant [5] and biostimulation is
a bioremediation strategy that involves the addition
of organic or inorganic nutrients, to strengthen the
activities of indigenous microorganisms.

The biostimulation is intended to improve
the indigenous microorganisms’ activity, which are
capable of degrading the pollutant in the soil;
biostimulation is often applied in bioremediation of
soil contaminated with oil. Enrichment nutrient,
organic fertilizer similar to phosphorous and
nitrogen, which comes from farms is added to the
contaminated environment to stimulate the growth
of indigenous microorganisms which can degrade
contaminants. [6] Microorganisms need an
abundance of key elements, such as carbon,
hydrogen, nitrogen, oxygen and phosphorous, the

organic fertilizer providing these essential
elements to reproduce and thrive. [6]
Temperature plays an important role in

biodegradation of petroleum hydrocarbons: at low
temperature the viscosity of the oil increases, while
the volatility of the toxic hydrocarbons with low
molecular mass is reduced, thus delaying the onset
of biodegradation. The temperature affects the
solubility of hydrocarbons, the rate of biodegradation
decreases with the decrease of temperature; the
highest rate of degradation are generally in the range
of 30-40°C in soil environments. [7]

Although microorganisms are present in the
contaminated soil, their number might be
insufficient for the bioremediation of the site,
therefore increasing the number of microorganisms
and their activity must be stimulated. Carbon is the
basic nutritive substance necessary for the
organism to live; besides carbon, bacteria need
nitrogen and phosphorous to ensure oll
degradation efficiency. [8]

The optimal ratio between nutrients for an
efficient biological activity is carbon / nitrogen /
phosphorous equal to 100/10/1. [3, 4]

Organic fertilizer (manure) is used to
improve soil fertility, being a fertilizer that contains
most of the nutritive elements such as: nitrogen,
phosphorous, potassium, etc.; the goal of this
research is scientific argumentation for the usage
of poultry, swine and cattle manure in the
bioremediation of soil contaminated with petroleum
hydrocarbons (diesel fuel).

indigene in sol, interventia umana fiind minima
doar de monitorizare.[5] Prin bioaugmentarea se
intelege introducerea de microorganisme exogene,
provenite din afara mediului de sol, care sunt
capabil de detoxifierea contaminantului [5] iar
biostimularea este o strategie de bioremediere
care presupune addaugarea de nutrienti organici
sau anorganici, pentru a consolida activitatile
microorganismelor indigene.

Prin biostimularea se urmareste
imbunatatirea activitati microorganismelor indigene,
care sunt capabile de a degrada poluantul din sol,
aceasta fiind aplicata de multe ori in bioremedierea
solului contaminat cu petrol. Nutriet de Tmbogatire,
ingrasamantul organic similar cu fosfor si azot,
care provine din ferme se adauga in mediul
contaminat pentru a  stimula cresterea
microorganismelor indigene care pot degrada
poluantii.[6] Microorganismele au nevoie de o
abundenta de elemente-cheie, cum sunt carbonul,
hidrogenul, azotul, oxigenul si  fosforul,
ingrasamant organic oferind aceste elemente
esentiale pentru a se reproduce si sa prospere. [6]

Temperatura joaca un rol important Tn
biodegradarea  hidrocarburilor  petroliere, la
temperaturi scazute creste vascozitatea petrolului,
in timp ce volatilitatea hidrocarburilor toxice cu
greutate moleculara mica este redusa, astfel se
intdrzie debutul biodegradarii. Temperatura
afecteazad solubilitatea hidrocarburilor, rata de
biodegradare scade cu reducerea temperaturii,
cele mai mari rate de degradare apar in general in
intervalul de 30-40°C in medii de sol. [7]

Desi microorganismele sunt prezente in
solul contaminat numarul lor poate sa fie
insuficient pentru bioremedierea sit-ului de aceea
cresterea numarului de microorganisme = Si
activitatea lor trebuie sa fie stimulata. Carbonul
este substanta nutritivda de bazd necesara
organismului pentru a traii, in afara de carbon,
bacteriile au nevoie de azot si fosfor pentru a
asigura degradarea eficienta a petrolului. [8]

Raportul optim fintre nutrien{i pentru o
activitate biologica eficientd este carbon / azot /
fosfor egal cu 100/10/1. [3, 4]

Ingrasdmantul organic (gunoiul de grajd) este
folosit in vederea Tmbunatatirii fertilitatii solului, fiind
un ingrasamant care contine majoritatea elementelor
nutritive cum sunt: azotul, fosforul, potasiu etc.,
scopul acestei cercetari fiind argumentarea stiintifica
a utilizarii gunoiului de pasari, suine respectiv bovine
in bioremedierea solului contaminat cu hidrocarburi
petroliere (motorina).
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2. Materials and method

Sampling of soil with a sandy-loamy structure was
conducted at a depth of 0-15 cm, the sampling area
(figure 1) being an agricultural land in the village of
Bontida, Bontida township, Cluj county.

2. Materiale si metoda

Prelevarea probelor de sol, cu o structura nisipo-
lutoasa, s-a realizat la 0 adancime de 0-15 cm, zona
de prelevare (fig. 1) fiind un teren agricol din satul
Bontida, comuna Bontida, judetul Cluj.

Figure 1: Soil sampling area, Bontida Township, Bontida village.

Soil samples were homogenized, dried in
the lab for 7 days, sieved through a sieve of 2 mm
mesh and stored in a polyethylene bag in the
laboratory at a temperature of 22°C. Manure from
home grown poultry, cattle, swine were
purchased from a micro-farm located near Cluj-
Napoca, each type of manure being air dried for
four days. The diesel fuel used in this study was
purchased from Lukoil Romania.

Soil samples shown in Table 1 were
artificially contaminated with 6%, 8% and 10%
diesel fuel and treated with 80 g of manure from
swine, cattle and poultry.

Table 1. Experimental samples

Probele de sol au fost omogenizate, uscate in
laborator timp de 7 zile, cernute printr-o sita cu
ochiuri de 2 mm si stocate in punga din polietilena, in
laborator la o temperatura de 22°C. Gunoiul de grajd
provenit de la pasari crescute Tn sistem gospodaresc,
bovine, suine a fost achizitionat dintr-o microferma
localizata Tn apropierea orasului Cluj, fiecare tip de
gunoi fiind uscat in aer liber timp de patru zile.
Motorina utilizatda Tn cadrul acestui studiu a fost
achizitionata de la Lukoil Romania.

Probele de sol, prezentate in tab. 1, au fost
contaminate artificial cu 6%, 8% respectiv 10%
motorina si tratate cu 80 g de gunoi de grajd provenit
de la suine, bovine si pasari.

Soil Diesel fuel Manure Manure quantity Symbol
(9) (%) type (9)

400 6 - - C1
400 6 cattle 80 C1v3
400 6 poultry 80 C1g3
400 6 swine 80 C1p3
400 8 C2
400 8 cattle 80 C2v3
400 8 poultry 80 C2g3
400 8 swine 80 C2p3
400 10 C3
400 10 cattle 80 C3v3
400 10 poultry 80 C3g3
400 10 swine 80 C3p3
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Soil samples were maintained at 22°C in a
laboratory, while they were watered and mixed for
aeration and homogenization. The testing period was
6 weeks, during which the evolution of pH and the
concentration of total petroleum hydrocarbons
were monitored.

Determination of pH was carried out
according to STAS 7184/13-88 [9], after 24h of soil
contamination and organic fertilizer application and
after a period of six weeks. According to STAS
determination of the pH was carried out in an
aqueous suspension, the method involving
weighing 10 g of ground which are transferred to a
50 ml beaker over which 25 ml of water is added,
the suspension being stirred by using a stirrer.
Determination of the pH is carried out 2 hours after
the preparation of the suspension, while the
suspension is stirred intermittently.

Determination of the total content of
hydrocarbons in the soil. Trends in the
concentration of total petroleum hydrocarbons in
soil was monitored for a period of six weeks at an
interval of 3 weeks to determine the total
hydrocarbons in the soil, for which it was used the
specific analyzer (non-dispersive IR) "oil contend"
OCMA-310 (HORIBA). The OCMA-310 analyzer
uses solvent S-316 to extract petroleum
hydrocarbons from water and soil samples.

3. Results and discussion

In the chart in figure 2 is shown the evolution of
soil reaction in soil samples contaminated
differently with diesel fuel (6%, 8%, and 10%) and
treated with different types of manure from cattle,
swine and poultry. In samples contaminated with
diesel fuel and treated with manure the following
pH values are obtained: 7.3 (slightly alkaline soil)
and 8.19 (alkaline soil).

Probele de sol au fost pastrate Ila
temperatura de 22°C in laborator, timp in care au
fost udate si amestecate in vederea aerarii si
omogenizarii. Perioada de testarea a fost de 6
saptamani timp Tn care s-a urmarit evolutia pH-ului
si a concentratiei de total hidrocarburi petroliere.

Determinarea pH-ului s-a realizat conform
STAS 7184/13-88 [9], dupa 24h de Ia
contaminarea solului si aplicarea ingrasamantului
organic si dupa o perioada de 6 saptamani.
Conform acestui STAS determinarea pH-ului s-a
realizat in suspensie apoasa, metoda presupune
cantarirea a 10 g de sol care sunt transferate intr-
un pahar de 50 ml peste care se adauga 25 ml
apa, suspensia astfel obtinutd se omogenizeaza
cu ajutorul unui agitator. Determinarea pH-ului se
realizeaza dupa 2 ore de la pregatirea suspensiei,
timp n care suspensia este agitata intermitent.

Determinarea continutului total de
hidrocarburi din sol. Evolutia concentratiei de
total hidrocarburi petroliere din sol s-a urmarit pe o
perioada de 6 saptamani la un interval de 3
saptamani, pentru determinarea continutului total
de hidrocarburi din sol fiind folosit analizorul
specific (IR nedispersiv) ,o0il contend” OCMA-310(
HORIBA). Analizorui OCMA - 310 foloseste
solventul S — 316 pentru extragerea hidrocarburilor
petroliere din probe de apa si din probe de sol.

3. Rezultate si discutii

In graficul din fig. 2 este prezentata evolutia
reactiei solului in probele poluate diferit cu
motoring (6%, 8%, 10%) si tratate cu tipuri diferite
de gunoi de grajd provenit de la bovine, suine,
pasari. In probele contaminate cu motorina si
tratate cu gunoi de grajd se obtin urmatoarele
limite ale valori pH-ului: 7.3 (sol slab alcalin) si
8,19 (sol alcalin).

8.2 -
8_
c
S 78-
©
s 76 -
3
L 74-
72 -
7_
6.8 -
-~ M M M N ™M™
OQ_‘EO)OO_
© o o 3

Soil samples

mweek 0

week 6

5]
[&)

c2v3

™
@]

AN
[&)

c3p3
c3v3
c3g3

Figure 2. pH variation.
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In figures 3, 4 and 5 is shown the reduction of
the concentration of total petroleum hydrocarbons in
soil artificially polluted with diesel fuel in different
concentrations (6%, 8%, and 10%) and treated with
manure for a period of six weeks every three weeks.

In diagram from figure 3 is presented the
effect of poultry, cattle and swine manure on the
bioremediation of soil contaminated with 6% diesel
fuel at an interval of 3 weeks for a total of 6 weeks.

Reducerea concentratiei de total hidrocarburi
petroliere, in solul poluat artificial cu motorina in
diferite concentratii (6%, 8%, 10%) si tratat cu gunoi
de grajd, pe o perioada de 6 saptamani la interval
de trei saptamani este prezentata in fig. 3, 4 si 5.

in graficul din figura 3 este prezentat efectul
gunoiului de grajd de pasari, bovine, suine asupra
bioremediereii solului contaminat cu 6% motorina la
interval de 3 saptamani timp de 6 saptamani.
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Figure 3. Bioremediation of soil contaminated with 6% diesel fuel.

As shown in figure 3 there is a significant
reduction in the total petroleum hydrocarbon
concentration of 66.66% which is recorded for the
6% diesel fuel contaminated soil and treated with
manure from home grown poultry, reduction for soil
treated with swine and cattle manure being
60.78%, respectively  36.27%. For  sail
contaminated with diesel fuel which was not
treated with manure, the degree of degradation of
petroleum hydrocarbons is 31.37%.

In conclusion, as shown in figure 3, for
bioremediation of soil contaminated with 6% diesel
fuel and treated with different types of organic
fertilizer derived from three animal species (cattle,
swine and poultry) reduction of the concentration
of total petroleum hydrocarbons is influenced by
the type of manure that is used.

The influence of manure from poultry, cattle
and swine in bioremediation of soil contaminated
with 8% diesel fuel, determined at an interval of 3
weeks for a total of 6 weeks is presented in the
diagram in figure 4.

Dupa cum reiese din fig. 3 se observa o
reducere semnificativd a concentratiei de total
hidrocarburi  petroliere de 66,66% care se
inregistreazad in cazul solului contaminat cu 6%
motorina si tratat cu gunoi provenit de la pasari
crescute Tn sistem gospodaresc, reducerea in cazul
solului tratat cu gunoi de suine, bovine fiind de
60,78% respectiv 36,27%. In cazul solului contaminat
cu motorina, care nu a fost tratat cu gunoi de grajd,
gradul de degradarea a hidrocarburilor petroliere este
de 31,37%.

Concluzionand, dupa cum se observa in figura
3, in bioremedierea solului contaminat cu 6%
motorina si tratat cu tipuri diferite de Tngrasamant
organic provenit de la trei specii de animale (bovine,
suine si pasari) reducerea concentratiei de total
hidrocarburi petroliere este influentata de tipul de
gunoi de grajd folosit.

Influenta gunoiului de grajd provenit de la
pasari, bovine, suine in bioremedierea solului
contaminat cu 8% motorina, determinata la interval
de 3 saptamani timp de 6 saptamani este
prezentata in graficul din fig. 4.

31



Environmental Engineering and Sustainable Development Entrepreneurship — Vol. 3, No. 1 (2014)

16000 -
14000 -

vy
o

12000 -
10000 -
8000 -
6000 -
4000 -
2000 -

-=pmC?

el Cc2p3
c2v3
c2g3

THP concentration, mg/Kg dry soil

week 0

week 3

Test period

week 6

Figure 4. Bioremediation of soil contaminated with 8% diesel fuel.

Application  of organic amendments
represented by manure has a positive influence on
the bioremediation of soil contaminated with
petroleum hydrocarbons.

Soil bioremediation is influenced, as shown
in figure 4, by the type of manure used in soail
treatment. In the control sample there is a more
reduced percentage of 26.47% with regard to the
reduction of the concentration of total petroleum
hydrocarbons.

The concentration of total petroleum
hydrocarbons, in samples contaminated with 8%
diesel fuel and treated with manure, is reduced at
the end of the testing period for soil treated with
home grown poultry manure by 58.82%, for soil
treated with swine manure by 47.06% and for soil
treated with cattle manure by 44.11%.

The effect of various types of manure
(poultry, bovine, and swine) on bioremediation of
soil contaminated with 10% diesel fuel is shown in
figure 5.

Aplicarea de amendamente biologice,
reprezentate de gunoi de grajd, influenteaza
pozitiv bioremedierea solului poluat cu hidrocarburi
petroliere.

Bioremedierea solului este influentata, dupa
cum reiese din fig. 4, de tipul de gunoi de grajd
folosit Tn tratarea solului. In proba martor se
inregistreaza un procent mai redus de 26,47% in
ceea ce priveste diminuarea concentratiei de total
hidrocarburi petroliere.

Concentratia de total hidrocarburi petroliere,
in probele contaminate cu 8% motorina si tratate
cu gunoi de grajd, se reduce la sfarsitul perioadei
de testare Tn cazul solului tratat cu gunoi provenit
de la pasari crescute in sistem gospodaresc cu
58,82%, in cazul solului tratat cu gunoi de suine
reducerea fiind de 47,06% iar in cazul solului
modificat cu gunoi de bovine fiind de 44,11%.

Efectul diferitelor tipuri de gunoiului de grajd
(pasari, bovine, suine) asupra bioremediereii solului
contaminat cu 10% motorina este prezentat in fig. 5.
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Figure 5. Bioremediation of soil contaminated with 10% diesel fuel.
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For soil contaminated with 10% diesel fuel and
treated with 80g of manure there is an increase of
the degradation rate of petroleum hydrocarbons of
up to 52.94% at the end of the testing period for
the sample treated with manure from poultry, by
22.35% for soil treated with cattle manure and by
23.52% for soil treated with swine manure. The
degradation rate of petroleum hydrocarbons in the
control sample (without manure) is 14.11%.

4. Conclusions

Biostimulation is intended to improve the activity of
indigenous microorganisms which have the ability
to degrade pollutants in the soil; biostimulation
consists of adding nutrients to the soil, the
enrichment nutrient being manure derived from
different species of animals.

Biostimulation is the most mature
technology available for bioremediation of soil
contaminated with hydrocarbons; using organic
fertilizer to degrade petroleum hydrocarbons in the
soil could be an ecological method to remedy the
ecosystem.

The purpose of this research was to reduce
the total petroleum hydrocarbons’ concentration by
using manure in bioremediation of sail
contaminated with diesel fuel, the largest decrease
of 66.66% being recorded for soil contaminated
with 6% diesel fuel and treated with poultry
manure.

In the bioremediation of soil contaminated
with diesel fuel and treated with biological
amendments, both the type of manure that is used
and the degree of contamination of the soil play an
important role.

The lowest percentages for bioremediation
of soil contaminated with diesel fuel are recorded
when using cattle manure, they increase if swine
manure is used and they significantly increase if
poultry manure is used to treat the soil.

in solul contaminat cu 10% motorina si
tratat cu 80g gunoi de grajd se inregistreaza o
crestere a ratei de degradare a hidrocarburilor
petroliere de pana la 52,94% la sfarsitul perioadei
de testare in proba tratatd cu gunoi provenit de la
pasari, de 22,35% respectiv 23,52% in cazul
solului modificat cu gunoi de bovine respectiv
suine. Rata de degradare a hidrocarburilor
petroliere in proba de control (fara gunoi de grajd)
este de 14,11%.

4. Concluzii

Prin  biostimularea se wurmareste sa se
imbunatateascd activitatea microorganismelor
indigene care au capacitatea de a degrada
poluantul din sol, biostimularea constand 1in
adaugarea de nutrientii, nutrietul de Tmbogatire
putand fi reprezentat de gunoiul de grajd provenit
de la diferite specii de animale.

Biostimulare este tehnologia cea mai matura
disponibila pentru bioremedierea solului
contaminat cu hidrocarburi, folosirea
ingrasamantului organic pentru a degradarea
hidrocarburilor petroliere din sol ar putea fi o
metoda ecologica de remediere a ecosistemului.

Scopul acestei cercetari a fost de a reduce
concentratia de total hidrocarburi petroliere prin
utilizarea gunoiului de grajd in bioremedierea
solului contaminat cu motorind, cea mai mare
diminuare finregistrandu-se 1n cazul solului
contaminat cu 6% motorind si tratat cu gunoiului
de pasari si anume 66,66%.

in bioremedierea solului contaminat cu
motorina si tratat cu amendamente biologice joaca
un rol important tipul de gunoi de grajd folosit
precum si gradul de contaminare a solului.

Procentele cele mai mici, in ceea ce priveste
bioremedierea solului contaminat cu motorina, se
inregistreaza in cazul utilizarii Tngrasamantului
provenit de la bovine, cresc in cazul tratarii solului
cu ingrasaméant provenit de la suine si sunt
semnificativ crescute Tn cazul modificarii solului cu
ingrasamant provenit de la pasari.
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ENVIRONMENTAL IMPACTS OF PRODUCED WATERS FROM
METHANE GAS EXTRACTION

IMPACTUL APELOR DE ZACAMANT ASUPRA MEDIULUI, iN
CAZUL EXTRACTIEI DE GAZ METAN
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Abstract: Methane gas extraction processes have as a result
an important waste which may pollute the environment. The
present paper shows the analyses fulfilled on the produced
water resulted from these processes, from several extraction
areas. It presents the chemical composition of the produced
waters, including proposals regarding the risk reduction of
environmental pollution.
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1. Introduction

Natural gases are mostly formed by methane
(CH4 — 99.9%), ethane, propane, as well as small
quantities of crude oil and varied associated
gases. Natural gases also contain H,, N,, CO, [1]
in variable proportions. As a result of the methane
gas extraction, two wastes are mainly obtained
with a major environmental impact, namely
produced water and drilling slurry (named by the
experts in the field, detritus contaminated with
drilling fluids).

Depending on their physical and chemical
characteristics, their aggressiveness toward the
air-water-soil ecosystem can be established.

2. Defining produced water

Produced water is, in fact, a salty water which
could be considered an aggressive pollutant in the
process of methane gas extraction, having, in time,
negative consequences upon the environmental
factors, soil and water in essence [2].

Rezumat: Din procesele de extractie a gazului metan rezulta
un important deseu ce poate sa polueze mediul. Lucrarea de
fata prezinta analizele efectuate asupra apelor de zdcamaént
rezultate din aceste procese, din mai multe zone de
extractie. Se prezintd compozitia chimica a acestora si se
fac propuneri pentru reducerea riscului de poluare pentru
mediu.

Cuvinte cheie: apd zdcamant, deseu, epurare, extractie gaze
naturale, poluare.

1. Introducere

Gazele naturale sunt constituite preponderent
din metan (CH, — 99,9%), etan, propan si mai
contin in cantitati mici titei, precum si diverse
gaze asociate. Gazele naturale mai contin, Tn
proportii variabile H,, N, CO, [1]. In urma
extractiei de gaz metan, rezulta in principal doua
deseuri cu impact major asupra mediului i
anume, apa de zacamant si noroaiele de foraj
(denumite de specialistii in domeniu, detritus
contaminat cu fluide de foraj).

In functie de caracteristicile si proprietétiile
lor fizico — chimice, se poate stabili agresivitatea
acestora in timp, asupra ecosistemului aer-apa-sol.

2. Definirea apei de zacamant

Apa de zacamant de fapt este o apa sarata si se
poate considera ca fiind un agresiv poluant din
cadrul activitatii de extractie a gazului metan, cu
efecte negative in timp asupra factorilor de mediu,
in principal sol si apa [2].
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Produced water contains:

e Crude oil which forms a superficial pellicle, or
even emulsion;

e Organic  matters: Calcium bicarbonate
Ca(HCO3), magnesium bicarbonate Mg(HCO),
iron bicarbonate Fe(HCO3), sodium bicarbonate
Na(HCOs); Calcium sulfates CaS0,,
magnesium sulfates MgSO,, sodium sulfates
Na,SOy;Calcium chloride CaCl,, magnesium
chloride MgCl,, sodium chloride NaCly;

e Soluble silicates;

e Colloidal inorganic substances Fe(OH),, care la
pH>8, they can be found in water as colloidal
particles and in ferric hydroxide Fe(OH);, which
for pH>6 exists only under -colloidal and
suspension form;

e Colloidal organic substances resulted from
humic substances found in water, due to their
washing away from the soil;

e Dissolved gases: CO,, O, H,S, Ny, NHj;, or
even gases in some cases.

3. Environmental impact of produced waters

The immediate consequences of the pollution with

produced waters are different depending on the

composition and the quantity of the water, but

generally the effects are [3]:

— the microstructure and the macrostructure state
of the soil is destroyed;

— the clay-humic complex is modified;

— porosity and pores percentage having large
dimensions is reduced,;

— air capacity strongly
concentration increases;

— water permeability decreases;

— the dry matter consistency and summer
humidity increases heavily;

— plants cannot supply with water anymore;

— soaking and inflation processes occur.

Soil pollution with produced waters and
especially the lack of bioremediation intervention,
leads to soil degradation through secondary
salinization an even alkalizing. Soil salinization
caused by salty water reduces approximately twice
the biodegradation process of the hydrocarbons
from the mixed polluted soils.

In case of produced waters pollution, the
biodegradation stages imply a series of
mechanical works, as well as the implementation
of corrective and amendments and fertilization.

The specific feature of the natural gases
extraction lies in the impossibility to separate the
two pollutant agents, namely the crude oil and the

decreases, CO,

Apa de zacamént contine:

o Titei ce formeaza o pelicula superficiala, sau
chiar emulsie;

e Substante organice: Bicarbonati de calciu
Ca(HCO3), de magneziu Mg(HCO3), de fier
Fe(HCO;), de sodiu Na(HCOs3); Sulfati de calciu
CaSO0,, de magneziu MgS0Oy, de sodiu Na,SOy;
Clorura de calciu CaCl,, de magneziu MgCl,,
de sodiu NaCly;

o Silicati solubili;

e Substante coloidale anorganice Fe(OH),, care
la pH>8, se gasesc in apa sub forma de
particule coloidale si din hidroxidul feric
Fe(OH)s, care pentru un pH>6 exista numai sub
forma coloidala si in suspensie;

e Substante coloidale organice provenite din
substante humice prezente in apa, datorita
spalarii acestora din sol;

e (Gaze dizolvate: CO,, O,, H,S, Ny, NHs;, sau
chiar gaze in anumite cazuri.

3. Efectul asupra mediului a apelor de zacamant

Consecinte imediate ale poluarii cu ape de

zacamant, sunt diferite functie de compozitia si

cantitatea de apa, dar in general efectele sunt

urmatoarele [3]:

— se distruge starea de micro si macro structura a
solului;

— complexul argilo - humic se modifica;

— scade porozitatea si procentul
dimensiuni mari din sol;

— scade puternic capacitatea pentru aer, creste
concentratia de COy;

— scade permeabilitatea pentru apa;

— creste foarte puternic consistenta la uscat si la
umiditate estivala;

— plantele nu se mai pot aproviziona cu apa;

— au loc procese de imbibare cu apa si umflare.

Poluarea solurilor cu apa de zacamaéant si
mai ales lipsa interventiei pentru bioremediere,
conduce la degradarea solurilor prin salinizare
secundara si chiar la alcalinizare. Salinizarea
solurilor cauzata de apa sarata reduce de circa 2
ori activitatea de biodegradare a hidrocarburilor din
solurile poluate mixt.

Etapele biodegradarii in cazul poluarii cu
apa de zacamant, implica o serie de lucrari
mecanice, precum si aplicarea de amendamente
corective si pentru fertilizare.

Specificul activitatii de extractie a gazelor
naturale este faptul ca nu pot separa cei doi agenti
poluanti si anume titeiul si apa sarata [4].

porilor cu

36



Ingineria Mediului si Antreprenoriatul Dezvoltarii Durabile — Vol. 3, Nr. 1 (2014)

salty water [4]. These two agents always coexist,
but the extent of damage produced by one of them
may be more significant than the other’s, a fact
which can be established only through field
analysis and empirical results.

Each pollution case is distinctive, depending
on pedogenetical factors — climate, terrain,
substrate, lithology, the frequency of groundwater
and static water — and dependingon the
classification of the field — arable, forest etc. [7]

In order to assess the level of pollution, the
drawing and analysis of samples from the area is
required.

The results of this analysis can indicate on
the severity of soil degradation, as well as possible
remediation methods.

As presented in the analysis bulletins, there
are major differences regarding the chemical
composition of produced water with wide margins,
depending on the characteristics of the exploitation
area and the extraction technology.

The following table presents the result of a
produced water analysis from the Valea Seaca
exploitation area. The samples were taken in
March, 2013. The salinity of the sample was 30.36
g/l NaCl and the density was 1.022 g/cm®.

intotdeauna, acestia coexistd dar gradul de
afectare al mediului de catre unul dintre ei poate fi
mai pregnant decat al celuilalt, ceea ce nu se
poate stabili decat prin analiza documentara de
teren si pe baza rezultatelor analizelor.

Fiecare caz de poluare are specificul sau, n
functie de factorii pedogenetici - clima, relief,
substrat, litologie, frecventa apei freatice si a apei
stagnate - si In functie de categoria de incadrare a
terenului - arabil, silvic etc. [7]

Pentru a se putea aprecia nivel de poluare,
este necesar sa se preleveze din zona probe, care
apoi sunt analizate.

Rezultatele acestor determinari ne pot da
indicii asupra gravitatii procesului de degradare al
solului, precum si a masurilor posibile de
remediere a solului.

Dupd cum veti vedea din buletinele de
analiza, exista diferente majore n ceea ce priveste
compzitia chimicd a apei de zacamant in limite
destul de largi, in functie de specificul zonei de
exploatare si a respectarii tehnologiei de extractie.

in tabelul de mai jos, este prezentat
rezultatul unei analize asupra unei probe de apa
de zacamant, din zona de extractie Valea Seaca.
Probele au fost prelevate in luna martie 2013.
Salinitatea probei a fost de 30,36 g/l de NaCl si
densitatea 1,022 g/cm®.

Table 1.

Analysis results ofproduced water from the Valea Seacé area
No. Parameter Value M.U. Method of analysis
1. pH/temp 51/21.5 Units [pH/°C] SR 1SO 10523-2009
2. Chlorides 18425.27 mg/l SR ISO 9297/2001
3. Calcium 1163.82 mg/| SR I1SO 6058-2008
4, Magnesium 165.8 mg/l SR 1SO 6059-2008
5. Iron(Fe®") 185.57 mgl/ Internal method
6. Organic compounds 633.75 mgKMnO4/I STAS 9887-74
7. Total alkalinity 854 mgHCO3z, SR EN ISO 9963/1-2002
8. Sulfates 404 Mg/l STAS 8601-70
9. Filtered residue 30.53 gll STAS 9187/1984
10. Suspended solids 3663 Mg/l STAS 6953-1981

As mentioned above, there are noticeable
differences between produced waters.
Consequently, an association cannot be
accomplished for achieving a study on a single
type of produced water. For example, table 2
presents the analysis result of produced water
sample from the Huruiesti exploitation area. The
measured salinity was 48.44 g/l, and the density
was 0.983 g/cm®. The samples were taken in
March, 2013.

Asa cum am mai precizat, exista diferente
destul de mari intre diverse ape de zacamant,
astfel ca nu putem sa le asociem in vederea
realizarii unui studiu pe un singur tip de apa de
zacamant. Spre exemplu, Tn tabelul 2 este
prezentat rezultatul unei analize pe o proba de apa
de zacaméant din zona de exploatare Huruiesti.
Salinitatea masuratd a fost de 48,44 g/, iar
densitatea 0,983 g/cm?’. Probele au fost prelevate
in luna martie a anului 2013.
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Table 2.
Analysis results of produced water from the Huruiesti area.
No. Parameter Value M.U. Method of analysis
1. pH/temp 6,1/21 Units [pH/°C] SR ISO 10523-2009
2. Chlorides 29394,78 mgl/l SR 1SO 9297/2001
3. Calcium 748,89 mgl/l SR ISO 6058-2008
4. Magnesium 282,48 mg/l SR ISO 6059-2008
5. Iron(Fe*") 5,58 mg/| Internal method
6. Organic compounds 1330,82 mgKMnO./I STAS 9887-74
7. Total alkalinity 1342 mgHCO3 SR EN ISO 9963/1-2002
8. Sulfates 34,2 mg/| STAS 8601-70
9. Filtered residue 50,43 gl STAS 9187/1984
10. Suspended solids > mg/| STAS 6953-1981
There are special cases in which the salt Exista si cazuri deosebite in care

concentration is extremely high, as for example the
produced water from the Tazlau area, where the
salinity is 287.77 g/l NaCland the density is 1.180
g/cm3. The samples were taken in March, 2013.

Table 3.
Analysis results of produced water from the Tazlau area.

concentratia de sare este extreme de mare, ca de
exemplu apa de zacamant din zona Tazlau, unde
salinitatea este de 287,77 g/l NaCl si densitatea
1,180 g/cms. Masuratorile s-au efectuat tot in luna
martie anul 2013.

No. Parameter Value M.U. Method of analysis
1 pH/temp 6.5/23.7 Units [pH/°C] SR 1SO 10523-2009
2 Chlorides 174631.08 mg/l SR 1SO 9297/2001
3 Calcium 21454.82 mg/l SR 1SO 6058-2008
4 Magnesium 6386.43 mg/l SR 1SO 6059-2008
5. Iron(Fe*") 58.6 mg/ Internal method
6 Organic compounds 755.7 mgKMnO4/I STAS 9887-74
7 Total alkalinity 488 mgHCO3z, SR EN ISO 9963/1-2002
8 Sulfates 157.2 Mg/l STAS 8601-70
9 Filtered residue 291.26 gll STAS 9187/1984
10. Suspended solids 2420 Mg/l STAS 6953-1981

4. Methods for reducing pollution risk

As can be seen through the performed analyses,
these produced waters are polluted and therefore
certain methods for reducing environmental
pollution risk are required. One of the possible
methods is the treatment of these waters on site,
on the installations [5]. Through treatment
processes the level of pollutants in produced
waters is greatly reduced. Thus, table 4 presents
the result of the treatment process. There is a
decrease of salinity to the value of 1.5 g/l NaCl.
The samples of produced water were taken in the
Homocea exploitation area in February, 2013.

4. Masuri de reducere a riscului de poluare

Asa cum se poate vedea din analizele efectuate,
aceste ape de zacamant sunt poluate si de aceea
se impun anumite masuri pentru reducerea riscului
de poluare a mediului, Una din metodele posibile
este epurarea acestor ape in situ, pe instaltii [5].
Prin procesele de epurare, se reduce mult nivelul
poluantilor din apele de zacamant. Astfel, in tabelul
4 se prezinta rezultatul procesului de epurare. Se
constatéd o scadere a salinitatii pana la valoarea de
1,5 g/l NaCl. Prelevarea probei de apa de
zacamant s-a efectuat in zona de exploatare
Homocea. in luna februarie 2013.
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Table 4.
Analysis result of treated produced water.

No. Parameter Value M.U. Method of analysis
1. pH/temp 6.8/21 Units [pH/°C] SR ISO 10523-2009
2. Chlorides 912.66 mgl/l SR 1SO 9297/2001
3. Calcium 56.67 mgl/l SR ISO 6058-2008
4. Magnesium 24.56 mg/| SR ISO 6059-2008
5. Iron(Fe*") 8.37 mg/| Internal method
6. Organic compounds 1318.68 mgKMnO./I STAS 9887-74
7. Total alkalinity 68.32 mgHCO3 SR EN ISO 9963/1-2002
8. Sulfates 49 mg/| STAS 8601-70
9. Filtered residue 1836 mg/| STAS 9187/1984
10. Suspended solids 27 mg/| STAS 6953-1981

5. Conclusion 5. Concluzii

The drilling wastes’ composition depends on each
dril’'s requirement, as well as the traversed
geological formations. The drilling fluids based on
water, have three aquatic components: fresh water,
salty water, hard water or soft water, depending on
the area [6].

Together with water, reactive solids are
utilised, such as commercial clays, incorporated
hydrated clays, suspended marls, as well as inert

solids: suspended solids, chemically inactive
(limestone, dolomite, sand or barite).
In order to eliminate the risk of

environmental pollution, the solid-liquid separation
and produced water treatment are required.
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Compozitia deseurilor de foraj depinde de cerinta
fiecarui foraj in parte, dar si de formatiunile
geologice traversate. Fluidele de foraj pe baza de
apa, au trei componente in faza apoasa: apa dulce,
apa sarata, apa dura sau cu duritate redusa, in
functie de locatie [6].

Alaturi de apa, se utilizeaza solide reactive,
cum ar fi argile comerciale, argile hidratate
incorporate, marne in suspensie in faza lichida,
precum si solide inerte: solide Tn suspensie,
inactive din punct de vedere chimic (calcar, dolomit,
nisip sau baritd).

Pentru a nu exista riscul de poluare a
mediului, se impune tratarea acestora in vederea
separarii fazei lichide de cea solida si apoi epurare
apei de zacamant.

6. Multumiri
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Abstract: Developing and updating the national energy
strategy involves determining the energy demand in the
medium and long term period. For the best possible forecast
of the evolution of energy consumption in the future, to
determine the influence of factors is essential. The paper
presents the general influences on energy demand, analyze
consumption patterns of energy (gas and electricity) for
households and highlight the influence of temperature.

Keywords: energy, behavior, consumption, electricity, natural
gas.

1. Introduction

A number of issues require global attention now
and in the future. Some challenges were
successfully addressed, some are still under
discussion: what, how and when. Make decisions
involving the whole planet is not an easy task and
finding solutions is still in progress. The biggest

challenge in the world are [1]:

e Population growth, not because of the space
occupied but the necessary resources are
shrinking as food and drinking water.

e Evolution of the developing countries to an
increasingly higher standard of living and
therefore to an increasing energy demand.

e Climate change. The climate is permanently
changing but the dramatic part is rapidly
evolving in last few years.

e Increased importance of electricity. Without
electricity there is no lighting, heating, food and
water, communications, music, movies, etc.
Practically nothing that we used to have to work
and leisure, given that almost all technological
developments are based on energy.

Rezumat: Dezvoltarea si actualizarea strategiei energetice
nationale implica determinarea cererii de energie pe termen
mediu si lung. Pentru o prognoza cat mai buna a evolutiei
consumului de energie in viitor, determinarea factorilor de
influenta este esentiald. Lucrarea isi propune prezentarea
generald a influentelor asupra cererii de energie, analiza
tiparelor de consum de energie (gaze naturale si electricitate)
pentru  consumatorii  casnici si  evidentierea influentei
temperaturii.

Cuvinte cheie: energie, comportament, consum, electricitate,
gaze naturale.

1. Introducere

O serie de probleme solicita atentia globala acum
si Tn viitor. Unele provocari au fost abordate cu
succes, unele sunt inca in discutie: ce, cum si
cand. A lua decizii cu implicare asupra intregii
planete nu este o sarcind usoara iar cdutarea de
solutii este incad in curs de desfasurare. Printre

cele mai mari provocarii la nivel mondial sunt [1]:

e Cresterea populatiei, nu datoritd spatiului
ocupat ci a resurselor necesare care sunt in
scadere precum hrana si apa potabila.

o Evolutia tarilor in curs de dezvoltare spre un
nivel de trai tot mai ridicat si ca urmare spre o
cerere de energie tot mai mare.

e Schimbarile climatice. Clima este intr-o
permanenta schimbare insa dramatica este
evolutia rapida din ultimii ani.

e Cresterea  importantei  electricitatii. Fara
electricitate nu exista iluminat, incalzire, hrana si
apa, comunicatii, muzica, filme, etc., practic, nimic
din ceea ce suntem obignuiti s& avem la munca si
in timpul liber, dat fiind ca aproape toate
dezvoltarile tehnologice se bazeaza pe energie.
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e Energy efficiency. Increased energy production
in accordance with the exponential growth in
energy demand is almost impossible given the
technological limitations and  economic
resources. Therefore, it is necessary that the
energy to be used more efficiently in the
modern world.

Developing national strategies for various
economic sectors involved correlating energy
strategy, energy efficiency and sustainable
development. To develop an energy strategy for
the medium and long term is necessary to
determine the evolution of energy consumption.
The paper aims to highlight the factors that
influence energy consumption in Romania.

2. Energy demand

From country to country, demand for energy has
different patterns both at daily, weekly and
seasonal. Differences between countries make
difficult to define some general conclusions and
recommendations for optimal weighting method of
production and demand of electricity and
renewable energy integration.

Electricity demand is in a continuous change
depending on time of day, day of week, season.
After midnight, the demand is at a minimum due to
the reduction of human activity. In the morning,
when people wakes up, switches devices,
transport begins, open offices, stores and
businesses increase energy demand. In countries
with warm climates, air conditioners are large
consumers of electricity. In these countries, the
demand for electricity is higher in the afternoon,
when solar radiation peak.

Understanding patterns of household
consumption involves understanding human
behavior. Consumption patterns in Europe differ
greatly from those of 50 years ago. The most
important factors determining consumption are
growing earnings, economic globalization, leaps in
technological progress (such as the Internet and
mobile phones), decreased family members,
aging, and habitats and cultures [2].

Houses become more energy efficient, but
are built higher houses for fewer people, and
heating energy consumption decreases only
slightly. Sustainable consumption is the key action
plan regarding sustainable development called
Agenda 21 adopted by the United Nations
Conference on Environment and Development
(CNUMD) in Rio de Janeiro in 1992. The purpose
of the United Nations Conference on Sustainable
Development (Rio +20) from 2012 is to reach

o Eficientd energetica. Cresterea productiei de
energie in  conformitate cu cresterea
exponentiald a cererii de energie este aproape
imposibila avand limitari tehnologice,
economice si de resurse. Ca urmare, este
necesar ca energia sa fie folosita cu mai multa
eficientd intr-o lume moderna.

Dezvoltarea strategiilor nationale pentru
diverse ramuri economice implica corelarea cu
strategia energetica, eficienta energetica si
dezvoltarea durabila. Pentru a dezvolta o strategie
energetica pe termen mediu si lung este necesar a
putea determina evolutia consumului de energie.
Lucrarea isi propune a sublinia factorii de influenta
in consumul de energie din Romania.

2. Cererea de energie

De la o tara la alta, cererea de energie are tipare
diferite atat la nivel de zi, saptaména cat si
sezonal. Diferentele intre tari fac dificila definirea
unor concluzii si recomandari generale pentru o
metoda optima in ponderarea dintre productie si
cerere de electricitate si integrarea resurselor
regenerabile de energie.

Cererea de energie electrica variaza continuu
in functie de momentul zilei, ziua saptamanii. Dupa
miezul noptii, cererea este minim datorat reducerii
activitatii omului. Dimineata, cand omul se trezeste,
comuta pe aparate, porneste transportul, se deschid
birourile si magazinele iar Tintreprinderile cresc
cererea de energie. In tarle cu clima calda,
aparatele de aer conditionat sunt mari
consumatoare de electricitate. In aceste tari,
cererea de electricitate este mai mare dupa-masa,
cand radiatia solara atinge maximul.

Intelegerea tiparelor de consum casnic
presupune Tintelegerea comportamentului uman.
Tiparele de consum in Europa difera foarte mult de
cele de acum 50 de ani. Cei mai importanti factori
care determina consumul sunt veniturile crescande,
globalizarea economica, salturile in progresul
tehnologic (cum ar fi Internetul si telefoanele mobile),
scaderea numarului de membri ai familiilor,
imbatranirea populatiei, si habitatele si culturile [2].

Casele devin mai eficiente din punct de
vedere energetic, dar se construiesc locuinte mai
mari pentru mai putine persoane, iar consumul de
energie pentru incalzire scade doar foarte putin.
Consumul sustenabil este cheia planului de actiune
privitor la dezvoltarea durabila, intitulat Agenda 21,
adoptat de Conferinta Natiunilor Unite pentru Mediu
si Dezvoltare (CNUMD) la Rio de Janeiro in 1992.
Scopul  Conferintei  Natiunilor  Unite  privind
Dezvoltarea Durabila (Rio+20) din 2012 este sa se
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agreement on a global framework of programs on

sustainable consumption and production.

General factors affecting the energy demand
requires a detailed analysis of the impact
generated, the evolution over time and to
determine the factor of influence for the
development and improvement of procedures and
software to forecast energy consumption.

To forecast energy consumption is useful to
analyze influencing factors such as:

e Weather conditions: temperature, wind speed,
humidity, degree of illumination;

e Economic factors: the price, the timing of
liberalization of the energy market in Romania,
the unemployment rate, the GDP, the economic
power of cities.

e Evolution of the number of customers broken
down by consumption categories;

¢ Influence of holidays, day of the week;

e Political factors: unpredictable
changes.

Temperature factor has the most influence
on resident consumers, according to the National
Institute of Statistics [3], represents the largest
share of 36% of total final energy consumption in
the year 2012.

These factors are guidelines for energy
consumption being necessary to identify the
particularities of the natural gas consumption
respectively of electricity consumption.

legislative

3. Consumption behavior

According to the European Environment Agency
[4], households of one person consumes on
average 38% more products, with 42% more
packing and with 55% more energy per person
than households of four people. Household energy
consumption represents 25% of total emissions of

greenhouse gases associated with energy
production in the European Union.
In Romania, energy (both gas and

electricity) is influenced by the temperature.
Temperature influence on consumer behavior is
observed during winter in natural gas consumption
required for heating, figure 1. Consumption
increases for the period from November to March,
a period when, depending on the daily
temperature, consumption fluctuates. In general,
there was an influence on consumption of
temperature from day n in day n+1, one of the
reasons being the thermal inertia of buildings,
thermal insulation.

ajunga la un acord cu privire la un cadrul global de

programe privind consumul si productia sustenabila.

Factorii generali cu impact in cererea de
energie necesita o analiza detaliata a impactului
generat, a evolutiei in timp si determinarea
coeficientului de influenta pentru dezvoltarea si
perfectionarea procedurilor si  softurilor de
prognoza a consumului de energie.

Pentru prognoza consumului de energie este
util sa se analizeze factori de influenta precum:
e Factori meteorologici: temperatura,

vantului, umiditate, gradul de iluminare;

e Factori economici: evolutia pretului, calendarul
de liberalizare a pietei de energie in Romania,
rata somaijului, evolutia PIB, puterea economica
pe localitati.

e Evolutia numarului de consumatori defalcat pe
categorii de consum;

e Influenta zilelor libere (sarbatori legale), a zilei
saptamanii.

¢ Factori politici: schimbari legislative imprevizibile;

Factorul temperatura are influenta cea mai
mare asupra consumatorilor rezidentiali care,
conform Institutului National de Statistica [3],
reprezinta ponderea cea mai mare, de 36%, din
total consum final energetic la nivelul anului 2012.

Acesti factori sunt orientativi, pentru
consumul de energie fiind necesar a identifica
particularitatile din consumul de gaze naturale
respectiv din consumul de electricitate.

viteza

3. Comportament de consum

Conform Agentiei Europene de Mediu [4],
gospodariile formate dintr-o singura persoana
consuma, in medie, cu 38% mai multe produse, cu
42% mai multe ambalaje si cu 55% mai multa
energie electrica de persoana decat gospodariile
formate din patru persoane. Consumul de energie
la nivelul gospodariilor reprezintd in total 25% din
emisile de gaze cu efect de serd asociate
productiei de energie in Uniunea Europeana.

in Romania, consumul de energie (atat de
gaze naturale cat si de electricitate) este influentat
de temperatura. Influenta temperaturii asupra
comportamentului de consum in sezonul rece se
observa in consumul de gaze naturale necesar
pentru incalzire, figura 1. Consumul creste pentru
perioada noiembrie - martie, perioada cand, n
functie de temperatura zilnica, consumul
fluctueaza. in general, s-a observat o influenta a
temperaturii zilei n asupra consumului in ziua n+1,
una din cauze fiind inertia termica a cladirilor,
izolatiile termice.
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Natural gas consumption curve shows a
cyclical component and seasonality

Curba de consumul de gaze naturale
prezinta o componenta de ciclicitate si de
sezonalitate.

Figura 1. Temperature influence on household natural gas consumption.

In hot season is expected to decrease
power consumption as the length of days increase
continuous and the nights falls properly, but due to
high temperature, this does not happen. Influence
of temperature on electricity consumption can be
seen in the summer when consumption does not
decrease very much influenced by the use of air
conditioners and more, figure 2.

In household lighting represents about 20%
of the electricity bill, this high percentage is due to
the use of energy inefficient light bulbs.

The refrigerator and freezer are the largest
consumers of electricity in  households,
approximately 35 — 40% of the electricity bill [5].

In sezonul cald este de asteptat o scadere a
consumului de electricitate dat fiind ca durata
zilelor creste continuu, iar cea a noptilor scade in
mod corespunzator, insa, datorita temperaturii
ridicate, acest fapt nu se intdmpla. Influenta
temperaturii asupra consumului de electricitate se
poate observa in sezonul cald cand consumul nu
scade foarte mult fiind influentat de utilizarea
aparatelor de aer conditionat si nu numai, figura 2.

intr-o gospodarie iluminatul reprezinta circa
20% din factura de energie electrica, acest procent
mare datorandu-se utilizarii becurilor ineficiente
energetic.

Frigiderul si congelatorul sunt cei mai
importanti consumatori de energie electricd din
gospodarii, aproximativ 35 — 40% din factura de
energie electrica [5].
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Figura 2. Household electricity consumption evolution.

4. Conclusions

Globally, the expected growth in electricity
demand is a challenge for humanity, especially
for the energy sector. An ideal solution for a
sustainable energy supply and reliable in a
country may be unsuitable in another, depending
on local climate and natural resources. Selection
and promotion of optimal energy production
portfolio to meet demand is a difficult task for
specialists and decision makers in each country.

Must be balanced technical, economic,
environmental and social aspects.
Consumer awareness and information

generated by smart meters [6, 7] can change
consumer behavior. Consumer information on the
periods of lower prices and consumer orientation
for certain energy activities to those times of the
day would promote better dynamic energy
system.

These data together with effective
forecasting and planning of energy supply and
demand related to weather data for intermittent
energy production forecasting would encourage
taking uncertain resources, renewable energy.
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STUDIES AND RESEARCH ON THE TECHNOLOGIES AND MATERIALS USED FOR
HEAT RECOVERY FROM MUNICIPAL WASTEWATER
PhD thesis summary

STUDII QI CERCETARI PRIVIND TEHNOLOGIA S| MATERIALELE UTILIZATE LA
RECUPERAREA CALDURII DIN APELE UZATE ORASENEsTI
Rezumat teza de doctorat

Timea GABOR
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Engineering and Sustainable Development Entrepreneurship, 103-105 Muncii Ave, Cluj-Napoca, Romania

Energy, water and food shortages are major
problems facing humanity in this century, being
important to focus the concerns on these three
aspects for sustainable development. For this
reason the subject studied in this thesis is
focused on water and energy.

The increasing of water consumption in
industry and domestic production involves a
growing quantity of wastewater. Rather high

temperature is an important feature of these waters.

The temperature contained by those waters is lost
by drainage lines, sewer pipes and treatment
plants. In these conditions, wastewater could be
considered a useful element that is needed by
some industries but it also may represent a
potential energy resource.

The reduction of energy consumption or
the heat recovery from different sources is an
increasingly important activity both at EU level
and in Romania. Facilities commonly used for
heat recovery are heat exchangers, and of
these most common are heat pipe heat
recuperators.

Starting from these premises, it was
considered appropriate to approach a research on
the heat recovery using heat pipe municipal
wastewater. The PhD. Thesis titled is ,Studies and
research on the technologies and materials used
for heat recovery from municipal wastewater” the
research on which the PhD. Thesis is based on

Energia, apa si alimentatia reprezinta problemele
majore cu care se confruntd omenirea in acest
secol, astfel pentru o dezvoltare durabila este
important ca preocuparile sa se concentreze
asupra acestor trei aspecte. Din acest considerent
tema studiata este axata pe apa si energia.

Cresterea tot mai mare a consumului de apa
la nivel industrial si casnic implica producerea intr-
o0 cantitate tot mai mare a apelor uzate. O
caracteristica importanta a acestor ape este faptul
ca au o temperatura destul de ridicata care se
pierde pe linile de drenaj, conductele de
canalizare sau la statile de epurare. Astfel apa
uzata poate constitui elemente utile necesare
anumitor industrii dar poate reprezenta si o resursa
potentiala de energie.

Reducerea consumului de energie sau
recuperarea caldurii de la diferite surse reprezinta
o activitate tot mai importanta atat la nivelul UE cat
si al Romaniei. Instalatile frecvent utilizate in
scopul recuperarii sunt schimbatoarele de caldura,
iar dintre acestea mai utlizate  sunt
recuperatoarele de caldura cu tuburi termice.

Pornind de la aceste premize, s-a considerat
oportun abordarea unei cercetari privind procesul de
recuperare a caldurii din apele uzate orasenesti
utilizdnd tuburi termice. Cercetarea a stat la baza
elaborarii tezei de doctorat cu titlul ,Studii si cercetari
privind ~ tehnologia si materialele utilizate la
recuperarea caldurii din apele uzate ordsenegti’ si a i
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was conducted at the Department of Environmental
Engineering Faculty of Engineering and the
Environment.

Developed thesis falls in Materials Engineering
Domain by its objectives and the research on the
effectiveness of the heat pipes on recovery process
of heat contained in wastewater.

The heat recovery from wastewater entails a
number of advantages such as: possibility for
preparation of hot water, heating buildings,
reducing the consumption of conventional energy
resources and not least the reduction of
environmental pollution.

PhD. Thesys actuality and importance

The literature provides many data on the
types of heat exchangers used for this process,
data on applied technology. Although in many
countries heat recovery systems of urban
wastewater are implemented, nowadays in our
country this process is not applied. Under the
circumstances of environmental issues, research
on the use of secondary energy resources is of
great interest, being a concern in the context of
sustainable development.

The appropriateness and the actuality of the
PhD.Thesis are fully justified for the following rea-
sons:

— Energy recovery of reusable energy re-
sources has become an important topic in
Romania;

— The European Parliament has set a binding
target on the "Europe 2020" strategy, to re-
duce energy consumption by 20% till 2020.
Thermal energy recovery from municipal
wastewater represents a level of intervention
for this purpose;

— To develop a sustainable energy system, effi-
cient, diversified and competitive, materials
and financial instruments are necessary to be
consolidated. They are devoted to research
and technological innovation in energy effi-
ciency, development of secondary energy
sources, and not least, waste treatment and
recycling of wastes resulted from household
and industrial environments.;

— The use of municipal and industrial wastewater
could be the future sustainable energy re-
sources;

— Treatment and study of heat pipe heat recu-
perators, is a research topic of great interest in
the use wastewater as a heat source.

fost realizata la Catedra Ingineria Mediului din cadrul
Facultatii de Ingineria Materialelor si a Mediului.

Teza elaborata se incadreaza in domeniul
Ingineria Materialelor prin obiectivele propuse si
cercetarile efectuate privind eficienta tuburilor
termice in procesul de recuperare a energiei
termice continute de apele uzate orasenesti.

Recuperarea caldurii din apele uzate atrage
dupa sine o serie de avantaje ca: posibilitatea de
preparare al apei calde menajere, incalzirea
cladirilor, reducerea consumului de resurse
energetice conventionale si nu in ultimul réand
reducerea poluarii mediului inconjurator.

Oportunitatea si actualitatea tezei de doctorat
Literatura de specialitate ofera multe date
despre tipurile de schimbatoare de caldura, date cu
privire la tehnologia aplicata. Desi in multe tari sunt
implementate sisteme de recuperare a caldurii din
apele uzate orasenesti, la noi in tara la ora actuala
acest proces nu este aplicat. In circumstantele
problemelor legate de mediul Tnconjurator,
cercetarile privind utilizarea unor resurse energetice
secundare sunt de mare actualitate, reprezentand o
preocupare in contextul unei dezvoltari durabile.
Oportunitatea si actualitatea temei tratate
este pe deplin justificata, din urmatoarele
considerente:

— Recuperarea energiei din resurse energetice
refolosibile a devenit un subiect important si la
nivelul Romaniei;

— Parlamentul European a fixat un obiectiv
obligatoriu cu privire la strategia, ,Europa
2020", de a reduce consumul de energie cu 20
% péana in anul 2020. Recuperarea energiei
termice din apele uzate orasenesti reprezinta
un nivel de interventie in acest scop;

— Pentru a dezvolta un sistem energetic durabil,
eficient, diversificat si competitiv este necesar
consolidarea instrumentelor materiale  si
financiare. Acestea fiind consacrate cercetarii si
inovarii tehnologice Tn domeniul eficientei
energetice, dezvoltarea surselor energetice
secundare, iar nu in ultimul rand tratarea si
reciclarea deseurilor rezultate din mediile
gospodaresti si industriale;

— Ultilizarea apelor uzate orasenesti si industriale
ar putea reprezenta pe viitor Tn sectorul
energetic resurse energetice durabile;

— Tratarea si studierea recuperatoarelor de
céaldura cu tuburi termice, constituie o teméa de
cercetare de mare actualitate, in domeniul
utilizarii ca sursa de caldura a apelor uzate.
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PhD thesis objectives

This PhD thesis proposes a series of
research on wastewater's heat recovery using Q -
Pipe heat pipe heat recuperator. The research was
conducted in collaboration with SC EnergieQ SA
Cluj - Napoca.

The topic of the PhD Thesis started based
on the following three premises:

— The idea of heat recovery from urban waste
water is not enough explored field from the
theoretical point of view and has real prospects
for future development;

— In the country there are no heat recovery
systems in urban wastewaters and worldwide
there are no studies on the use of heat pipes for
this process;

— The literature available in the country has little
information on the technology and materials
used to recover heat from urban wastewater.

Taking into account global and national
concerns, the main purpose of the research has
focused on establishing opportunities for im-
plementing heat recovery technology in munici-
pal wastewater using heat exchanger with heat
pipe.

The aim of this doctoral thesis is to perform
theoretical and experimental research on urban
wastewater's heat recovery. To achieve this goal it
was necessary to establish the following objec-
tives:

1. After the current state of national and global
level on heat recovery from wastewater and
knowledge of existing systems, the advantages,
disadvantages and the prices, the heat pipes
were proposed to be used for the recovery of
heat from wastewater;

2. The study of used materials for build thermal
tubes, on the Romanian market, to choose the
most appropriate one;

3. The synthesizer of information on Q - Pipe heat
tubes used to make laboratory stand;

4. Description of heat recovery process in terms of
theoretical knowledge gained from studies con-
ducted worldwide;

5. Conceiving, designing and implementing a la-
boratory stand to recover heat from warm
wastewater by using heat pipes

6. Investigation of heat transfer process at differ-
ent parameters;

7. Establishing the optimum operating regime in
which heat recuperator is most effective;

8. The experimental research realization and es-
tablishment of a route for the determination of
efficiency and effectiveness of Q - Pipe heat
pipe heat recuperator;

Obiectivele tezei de doctorat

in aceastd tezd de doctorat s-au propus o
serie de cercetari privind recuperarea caldurii din
apele uzate utilizadnd recuperatorul de caldura cu
tuburi termice Q — Pipe. Cercetarea s-a realizat in
colaborare cu firma SC EnergieQ SA Cluj — Napoca.

in abordarea tematicii tezei de doctorat s-a
pornit de la urmatoarele trei premise:

— ldeea de recuperare a caldurii din apele uzate
orasenesti este un domeniu insuficient
aprofundat din punct de vedere teoretic si cu
perspective reale de dezvoltare pe viitor;

— In tard nu existd implementate sisteme de
recuperare a caldurii din apele uzate orasenesti,
iar la nivel mondial nu exista studii asupra
utilizarii tuburilor termice pentru acest proces;

— Literatura de specialitate disponibila in tara
prezinta putine informatii privind tehnologia si
materialele utilizate la recuperarea caldurii din
apele uzate orasenesti.

Luédnd in considerare preocuparile la nivel
mondial si national scopul principal al cercetarilor
s-a axat pe stabilirea unor oportunitati in vederea
implementarii tehnologiei de recuperare a caldurii
din apele uzate orasenesti utilizand recuperatorul
de caldura cu tuburi termice.

Scopul acestei teze de doctorat il reprezinta
efectuarea unor cercetari teoretice si experimentale
privind recuperarea caldurii din apele uzate
orasenesti. Pentru a realiza acest scop a fost
necesar stabilirea urméatoarelor obiective:

1. Dupa realizarea stadiului actual la nivel national
si mondial cu privire la recuperarea caldurii din
apele uzate si cunoscand sistemele existente,
avantajele, dezavantajele si pretul acestora s-a
propus utilizarea tuburilor termice in vederea
recuperarii caldurii din apele uzate;

2. Studierea materialelor de realizare a tuburilor
termice, existente pe piata romaneasca, pentru
alegerea celor mai adecvate;

3. Sintetizarea informatiilor privind tuburile termice Q
— Pipe utilizate la realizarea standului de laborator;

4. Descrierea, prin prisma cunostintelor teoretice
acumulate in urma studiilor efectuate pe plan
mondial, a procesului de recuperare a caldurii;

5. Conceperea, proiectarea si realizarea unui stand
de laborator pentru recuperarea caldurii din apele
uzate calde, prin utilizarea tuburilor termice;

6. Investigarea procesului de transfer termic la
diferiti parametrii;

7. Stabilirea regimului optim de functionare la care
recuperatorul de caldura este cel mai eficient;

8. Realizarea cercetarilor experimentale si stabilirea
unui itinerar de calcul pentru determinarea
randamentului si eficientei recuperatorului Q-Pipe;
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10.The utilization of computer modeling and
simulation for analysis of flow and heat transfer in
the upper chamber of the heat recuperator;

11.The identification of process parameters that
influence the wastewater's heat recovery using
heat pipe heat recuperator.

Organization and structure of the thesis

The thesis is divided into two main parts,
comprising a total of six chapters.

Part I. Present-day study of the knowledge in the-
sis domain.

In Chapter 1 of the thesis "Present-day
study on the heat exchangers used for heat re-
covery wastewater form”, the current stage on
heat recovery systems from wastewater was
treated. Heat recovery from wastewater can be
made through the following ways: drainage pipe
of buildings, urban sewage network and
wastewater treatment plants. For each type of
recovery, were described the types of heat ex-
changers that are used worldwide. Also in this
section were presented projects undergoing in
Romania which address issues of heat recovery
from urban wastewater.

Chapter 2 entitled "General considera-
tions on heat pipe recuperators” includes the
study of heat exchangers and heat pipes. This
chapter is dedicated to a deep analysis on
thermal tubes: types of construction, main fea-
tures, how to choose the working fluid, the fill-
ing material and the heat pipe. Because the
heat source has a low temperature is optimal
the utilization of low temperature heat pipes.
The copper heat pipe recuperator is necessary
to the laboratory stand construction because it’s
high thermal conductivity.

Chapter 3 of the paper titled "Study on
urban wastewater", focused on a brief theoreti-
cal study on municipal wastewater. Their classi-
fication was performed, after which it was re-
vealed that much of the wastewater's tempera-
ture is high enough when are discharged into
drains. This chapter has presented the thermal
pollution caused by urban wastewater. It is im-
portant to provide heat recovery systems of ur-
ban wastewater, because in addition to benefits
and the thermal pollution generated by them is
reduced.

Part Il. Personal contributions.

Chapter 4 with the title "Research on heat
recovery laboratory experimental stand" includes
the most important part of the thesis, as described

9. Utilizarea modelarii si simularii computerizate
pentru analiza curgerii si a transferului termic in
camera superioara a recuperatorului de caldura;

10.Identificarea  parametrilor de proces ce
influenteaza recuperarea caldurii din apele
uzate folosind recuperatorul de caldura cu
tuburi termice.

Organizarea gi structura tezei de doctorat

Lucrarea este structurata pe doua parti
principale, cuprinzand un numar de sase capitole.
Partea I. Stadiul actual al cunoasterii in domeniu

In Capitolul 1 al tezei ,Stadiul actual privind
schimbatoarele de caldura utilizate la recuperarea
caldurii din apele uzate ordsenesti”’, s-a tratat
stadiul actual privind sistemele de recuperare a
caldurii din apele uzate. Recuperarea caldurii din
apele uzate se poate efectua: din conducta de
drenaj al cladirilor, din reteaua de canalizare
urbana si din statiile de epurare a apelor uzate.
Pentru fiecare modalitate de recuperare au fost
prezentate tipurile de schimbatoare de caldura
care se utilizeaza pe plan mondial. Tot in acest
capitol au fost prezentate proiecte care abordeaza
problematica recuperarii de caldura din apele
uzate orasenesti, in curs de derulare in Romania.

Capitolul 2 intitulat ,Consideratii generale
privind recuperatoarele de caldura cu tuburi termice”,
include un studiu referitor la schimbatoarele de
caldura si tuburi termice. Capitolul este dedicat unei
analize profunde privind tuburile termice: tipuri
constructive, caracteristici principale, modul de
alegere al fluidului de lucru, al materialului de
umplutura si al tubului termic. Deoarece sursa de
caldura are o temperatura scazuta este optim
folosirea tuburilor de joasa temperatura. Utilizarea
tuburilor termice din cupru, la realizarea standului de
laborator, este oportuna deoarece conductivitatea
termica a acestuia este ridicata.

Capitolul 3 al lucrarii cu titlul ,Studiu privind
apele uzate orasenesti”, s-a axat asupra apelor
uzate orasenesti. S-a efectuat o clasificare a
acestora, in urma careia s-a evidentiat faptul ca o
mare parte din apele uzate au o temperatura destul
de ridicata la evacuarea in conductele de canalizare.
In acest capitol s-a prezentat poluarea termica
generata de apele uzate orasenesti. Este important
sa se prevada sisteme de recuperare a caldurii din
apele uzate orasenesti, deoarece pe langa
beneficiile obtinute se reduce si poluarea termica
generata de acestea.

Partea Il. Contributii proprii

Capitolul 4 avand ca titlul ,Cercetari
experimentale privind recuperarea caldurii pe standul
de laborator” cuprinde partea cea mai importanta a

50



Ingineria Mediului si Antreprenoriatul Dezvoltarii Durabile — Vol. 3, Nr. 1 (2014)

laboratory stand and the results of experimental
research. Hot water used was achieved by using
boiler of 100 I, thermometers and manometers
were used to measure process parameters of
heat recovery. Performed experimental
measurements were conducted at different flow
rates and various temperatures of wastewater.
The parameters were the following: constant
temperature and flow rate of cold water from the
network. The facility parameters were measured
at predetermined time intervals of recovery
process. In this chapter the efficiency of heat
pipe heat recuperator was determined for each
experiment performed.

In Chapter 5 entitled "Contributions to the
modelling and simulation of heat transfer in the
heat exchanger" was presented a numerical
model developed to analyse and simulate the
main physical processes underlying the opera-
tion of heat pipe heat recuperators: mass trans-
fer, transfer heat and water flow analysis. A
mathematical model was adequately described,
establishing the governing equation system, ini-
tial and boundary conditions. In this chapter is
also presented the numerical methods in solving
the mesh system of differential equations. Nu-
merical model developed was applied to the heat
recuperator laboratory stand. In this chapter
were analysed flow and heat transfer in the up-
per compartment of facility, the parameters clos-
est to real conditions. Computer simulation of
processes occurring in heat recuperator heat
pipe was made in the programming language
Delphi 7.

In Chapter 6, "General conclusions and
personal contributions” were highlighted the main
conclusions drawn from studies and researches,
the contributions and finally the establishment of
several new research directions for improving heat
transfer in the heat recovery from municipal
wastewater.

After the last chapter is appended bibliog-
raphy, which includes references used in this thesis.

And finally the Annexes attached and the
scientific work papers published and communicat-
ed during doctoral internship.

From experimental studies and research,
the following general conclusions can be made:

— Bibliographic study aimed both theoretical and
practical aspects of the wastewater heat
recovery using heat pipe heat recuperator;

— So far, in Romania are not being
implemented heat recovery systems of
industrial scale for municipal wastewater,
using heat exchangers mounted in pipes or in

tezei de doctorat, descrierea standului de laborator si
rezultatele obtinute la cercetarile experimentale.
Prepararea apei calde uzate s-a realizat prin
utilizarea unui boiler electric de 100 I. Pentru
masurarea parametrilor procesului de recuperare s-
au utilizat contoare de energie termica si
termomanometre. Masuratorile experimentale au fost
realizate la debite diferite si temperatura apei uzate
variat. Parametrii constanti au fost temperatura si
debitul apei reci de la retea. La functionarea
instalatiei, au fost masurati parametrii procesului de
recuperare la intervale prestabilite de durati. in
cadrul acestui capitol s-a determinat si randamentul
recuperatorului cu tuburi termice pentru fiecare
experiment efectuat.

In Capitolul 5 intitulat ,Contributii privind
modelarea gi simularea transferului termic in
recuperatorul de caldura” a fost prezentat modelul
numeric elaborat pentru analiza si simularea
principalelor procese fizice: transferul de masa, de
caldura si analiza curgerii apei. A fost descris
modelul matematic corespunzator, stabilindu-se
sistemul ecuatiilor guvernante, conditiile initiale si la
limita. Au fost prezentate metodele numerice de
discretizare in rezolvarea sistemului de ecuatii
diferentiale. Modelul numeric realizat a fost aplicat
in cazul recuperatorului de caldura din standul de
laborator. Tn cadrul acestui capitol s-au analizat
curgerea si transferul termic in compartimentul
superior, la parametrii cei mai apropiati de conditiile
reale. Simularea computerizata a proceselor care
au loc Tn recuperatorul de caldura cu tuburi termice
au fost realizat in limbajul de programare Delphi 7.

In Capitolul 6 ,,Concluzii generale si contributii
proprii” au fost evidentiate principalele concluzii
desprinse in urma studiilor si a cercetarilor efectuate,
contributiile proprii aduse si in final stabilirea catorva
directi noi de cercetare privind imbunatatirea
transferului termic in procesul de recuperare a
caldurii din apele uzate oragenesti.

Dupa ultimul capitol este anexat Bibliografia,
care cuprinde referintele bibliografice utilizate in
cadrul acestei teze de doctorat.

lar in final sunt atasate Anexele si Lucrari
stiintifice publicate si comunicate pe perioada
stagiului de doctorat.

Din studile si cercetarile experimentale
efectuate se desprind urmatoarele concluzii generale:
— Studiul bibliografic a vizat atat aspectele

teoretice, cat si cele practice al recuperarii de
caldura din apele uzate cu tuburi termice;

Pana 1in prezent, in Roménia nu s-au
implementat sisteme de recuperare a caldurii
din apele uzate orasenesti la scara industriala,
utilizdnd schimbatoare de caldura, montate in
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sewage treatment plants;

Increasing flow of municipal wastewater is the
starting point for the recovery of this waste
liquid discharged into drains;

The quantity of urban wastewater is growing
such that their use as heat sources
represents for next future a high potential
energetic resource;

Municipal wastewater temperature has values
from 16 °C to 50-60 °C, depending on the
source of discharge;

The heat recuperator, used in experimental
research does not produce emissions of
greenhouse gases and does not consume
energy from conventional sources;

In recent years more and more scientists
have discussed the possibility and
opportunity to use the heat from municipal
wastewater. Thus worldwide have been used
a number of heat exchangers to recover heat
from the municipal and industrial wastewater;
Novelty approach of heat transfer process in
this doctoral thesis is to develop and
implement new heat recovery systems in
urban wastewater by using heat pipe heat
recuperator. Many researchers have shown
that by recovering heat from wastewater the
duration and therefore energy consumption
required for domestic hot water preparation
are reduced.;

After studying the structural and functional
details of the heat pipe has been established
that the materials from which heat pipes were
made (copper - tube wall material, thermal
water - working fluid) can be used for the low
temperature heat recovery. Applicability of
heat pipe heat recuperators can be an
feasible solution in the heat recovery from
urban wastewater and a solution to save
energy and reduce pollution;

Experimental research efficiencies show the
applicability of the method at pilot scale and
even industrial scale;

The heat recovery from urban wastewater is
influenced by several parameters such as
wastewater flow, operating time and
temperature in the lower compartment of
recuperator at the start of measurements;
From the measurements undertaken it can be
concluded that thermal energy recovery from
wastewater is even more higher when the two
heat flows are higher;

Effective use of heat pipe heat recuperator
(EnergieQ) was confirmed by laboratory stand,
following the experimental results obtained;

conductele de canalizare sau statii de epurare;
Debitul tot mai mare al apelor uzate orasenesti
constituie punctul de plecare pentru valorificarea
acestor deseuri lichide Tn momentul evacuarii in
conductele de canalizare orasenesti;

Cantitatea apelor uzate orasenesti este in crestere
astfel, utilizarea lor ca surse de caldura poate
reprezneta un potential energetic ridicat in viitor;
Temperatura apelor uzate orasenesti are valori de
la 16 °C pana la 50 — 60 °C, depinzand de sursa
de evacuare;

Recuperatorul de caldura, utilizat Tn cadrul
cercetarilor experimentale, nu produce emisii de
gaze cu efect de sera si nu consuma energie din
surse conventionale;

Tn ultimii ani tot mai multi oameni de stiintd au
abordat posibilitatea si oportunitatea utilizarii
caldurii din apele uzate orasenesti. Astfel pe plan
mondial au fost utilizate un numar mare de
schimbatoare de caldura cu scopul de a recupera
caldura din apele uzate orasenesti si industriali;
Noutatea abordarii procesului de transfer de
caldura, in aceastd teza de doctorat, consta Tn
dezvoltarea si implementarea unor noi sisteme de
recuperare a caldurii din apele uzate orasenesti
prin utilizarea recuperatoarelor de caldura cu
tuburi  termice. Numerosi cercetatori au
demonstrat ca prin recuperarea caldurii din apele
uzate se reduce durata si, implicit, consumul de
energie necesar prepararii apei calde menajere;
Tn urma studierii detaliilor constructiv - functionale
al tuburilor termice s-a stabilit cd materialele din
care au fost confectionate tuburile termice (cuprul
— material perete tub termic, apa — fluid de lucru)
pot fi utilizate pentru procesul de recuperare a
caldurii de joasd temperatura. Aplicabilitatea
recuperatoarelor de caldura cu tuburi termice
poate fi o solufie fezabila pentru apele uzate
orasenesti, precum si o solutie de a economisii
energie si a reduce poluarea;

Randamentele obtinute evidentiaza aplicabilitatea
cercetarilor experimentale la scara pilot si chiar
industriala;

Procesul de recuperare a caldurii din apele uzate
orasenesti este influentat de o serie de parametrii
cum sunt: debitul apelor uzate, timpul de
functionare Si temperatura apei din
compartimentul inferior la inceperea masuratorilor;
Din masuratorile realizate se poate concluziona
faptul ca recuperarea energiei termice din apele
uzate este cu atat mai mai mare cu cat debitul
celor doi agenti termici este mai ridicata;

Eficienta utilizarii tuburi termice (EnergieQ) a fost
confirmata pe standul de laborator, in urma
rezultatelor experimentale obtinute;
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— The simulation of heat transfer through the
upper chamber of heat pipe heat recuperator
has shown that a higher rate of the two heat
agents determined a higher recovered
temperature by cold water (the temperature
difference of 15 °C);

— In the case of modeling for Q-Pipe heat pipe
heat recuperator a computational standard
theory was applied;

— The experimental research effectuate in this
PhD. thesis have shown the effectiveness of
heat pipes for low temperature hot-agent;

— The results of computer simulation obtained
for the parameter's values much closer to real
conditions of the two hot agents validate the
results of experimental research;

— Data obtained for the experimental research
and for the computer simulation are useful for
rigorous design of heat exchangers for heat
recovery from municipal wastewater.

The personal contributions are listed as follows:

(a) By presenting the present-day state of studies
on heat recovery from urban wastewater were
obtained the following contributions:

e The preparation of a bibliographic study on heat
pipes, by highlighting the types, characteristics,
advantages, their properties and find the best
material for heat pipes used in experimental
research;

e The opportunity, actuality and importance of
the theme of this doctoral thesis was outlined by
providing an overview of current trends and
methods of heat recovery from urban waste
water;

e Study on urban wastewater, the pollution
generated by those waters and the negative
impact on the environment.

(b) To achieve the objectives of the work,

experimental research on the technological
process of heat recovery from municipal
wastewater were carried out, the following

contributions being revealed:

e The developing, designing and implementing a
laboratory stand for heat recovery from urban
wastewater;

e Preparation of an appropriate experimental
research  methodology that allowed the
determination of optimal work values to recover
thermal energy from urban waste water;

e The complex characterization of equipments
and measuring and controlling instruments used
for the laboratory stand.

— Modelarea simularii privind transferul caldurii prin
compartimentul superior al recuperatorul de
caldura cu tuburi termice a evidentiat faptul ca la
un debit mai ridicat al celor doi agenti termici,
temperatura recuperata de apa rece fost mai
mare (diferenta de temperatura fiind de 15 °C);

— In cadrul modeldrii s-a aplicat o teorie
computationala standard, pentru recuperatorul de
caldura cu tuburi termice Q-Pipe;

— Cercetarile experimentale efectuate in cadrul
acestei teze au evidentjat eficienta tuburilor termice
pentru un agent termic cald de joasa temperatura;

— Rezultatele obtinute la simularea computerizata, cu
valori ale parametrilor mai apropiate de conditiile
reale ale celor doi agenti termici, valideaza
rezultatele obtinute la cercetarile experimentale;

— Datele obtinute in urma realizarii cercetarilor
experimentale si a simularii transferului termic
sunt utile pentru proiectarea riguroasa a unor
schimbatoare de caldura pentru recuperarea
energiei termice din apele uzate orasenesti.

Ca si contributji proprii se enumera urmatoarele:

(a) Prin prezentarea stadiului actual la nivel mondial
si national privind recuperarea caldurii din apele
uzate orasenesti s-au obtinut urmatoarele contributii:
e Intocmirea unui studiu bibliografic asupra tuburilor
termice, prin evidentierea tipurilor, caracteristicilor,
avantajelor, proprietatilor acestora si gasirea celui
mai bun material pentru tuburile termice utilizate in
cadrul cercetarilor experimentale;

e Oportunitatea, actualitatea si importanta temei
acestei teze de doctorat a fost conturat prin realizarea
unei sinteze a tendintelor si metodelor actuale de
recuperare a caldurii din apele uzate orasenesti;

o Realizarea unui studiu asupra apelor uzate
orasenesti, poluarea termica generatd de acestea si
impactul negativ produs asupra mediului.

(b) Pentru atingerea obiectivelor au fost efectuate
cercetari experimentale asupra procesului tehnologic
de recuperare a caldurii din apele uzate orasenesti.
Toate acestea au scos in evidenta urmatoarele
contributii proprii:

e Elaborarea, proiectarea si realizarea unui stand
de laborator pentru recuperarea caldurii din apele
uzate orasenesti;

e Intocmirea unei metodologii de cercetare
experimentala corespunzatoare ce a permis
determinarea si fundamentarea valorilor optime de
lucru pentru recuperarea energiei termice din apele
uzate orasenesti;

e Caracterizarea complexa, a echipamentelor si
aparatelor de masura si de control, utilizate la standul
de laborator.
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(c) For the application of heat recovery process for
municipal wastewater has been identified
important parameters on which the recovery
process depends on. The experimental tests were
performed varying the main parameters of the
process aiming: the inlet and outlet flow of
wastewater, inlet and outlet temperature of
wastewater during the operation of the recuperator
and temperature output of preheated water. These
were realized through:

e Successive measurements every five minutes,
with a cycle of 20, 40 and 80 minutes, the heat
recuperator after a longer time period became
steady;

e The high efficiency was obtained from the
experimental tests when wastewater's temperature
was of 70 °C;

o A efficiency of 49.42% was achieved at a water
temperature of 30 °C;

e The process of heat recovery was sought by
correlating the input and output temperatures and
the time which was function for different flows of
wastewater.

(d) The computer modelling and simulation of heat
recovery from urban wastewater, was built a virtual
model to analyze flow and heat transfer in the
upper compartment of the heat recuperator. This
model emphasized the efficiency of heat pipe in
the process of preheating the cold water using
wastewater:

e The adaptation of the conservation equations of
heat, mass and quantity of movement to achieve
the analysis for the superior compartment of heat
recuperator;

e The development of distribution diagrams of
temperature and velocity in the upper compartment
at different sections and periods of operation of
heat pipe heat recuperator;

e The results demonstrate the applicability of
the heat pipe heat recuperator in the heat
recovery technology from municipal wastewater.
Highest efficiency from running the program was
of 68%.

(c) In vederea aplicarii procesului de recuperare a
caldurii din apele uzate orasenesti s-au identificat
parametrii importanti de care depinde acest proces
de recuperare. Astfel s-au efectuat fincercari
experimentale urmarind varierea parametrilor
principali ai procesului: debitul de intrare si iesire
apa uzata, temperatura de intrare si iesire apa
uzata, timpul de functionare a recuperatorului si
temperatura apei preincalzite la iesire. Acestea s-
au realizat prin:

e Masuratori succesive din cinci Th cinci minute, cu
o durata de functionare de 20, 40 si 80 de minute,
recuperatorul de caldura dupa o duratda de
functionare mai lunga a intrat in regim stationar;

e Temperatura apei preincalzite cu valoarea cea
mai ridicata s-a obtinut la Thcercarea experimentala
cu temperatura apei uzate de 70 °C;

e lLa o temperatura a apei uzate de 30 °C s-a
obtinut un randament de 49,42 %;

o Desfasurarea procesului de recuperarea a caldurii
a fost urmarit prin corelarea temperaturilor de intrare
si iesire si intervalul de timp in care a functionat
pentru diferite valoare a debitului apei uzate.

(d) Modelare si simularea computerizata a recuperarii
de caldura din apele uzate orasenesti, a fost realizat
un model virtual, pentru analiza curgerii si a
transferului termic in compartimentul superior al
recuperatorului de caldura. Modelul a scos in evidenta
eficienta tuburilor termice Th procesul de preincalzire a
apei reci utilizand ca si sursa de caldura apele uzate:

e Adaptarea ecuatiilor de conservare a caldurii, a
masei si al cantitafi de miscare pentru realizarea
analizezi proceselor din compartimentul superior al
recuperatorului de caldura;

e Elaborarea unor diagrame privind distributia
temperaturii si a vitezei in compartimentul superior la
diferite sectiuni si perioade de functionare al
recuperatorului de caldura cu tuburi termice;

e Rezultatele obtinute Tn  urma  modelarii
demonstreaza aplicabilitatea recuperatorului de
caldura cu tuburi termice in procesul tehnologic de
recuperare a caldurii din apele uzate orasenesti si la
debite mult mai mari. Eficienta cea mai ridicata n
urma rularii programului s-a obtinut de 68%.
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Modeling and optimization of cylindrical bonded joints, CEEX 5951/18.09.2006 Project, 2006 — 2009.
Technology to reuse waste from the manufacture of bathtubs and GRP products, 59/10.07.2013 Industry
Research Project

Rehabilitation study of 32 t crane from boiler room hall, 66/30.05.2005 Industry Research Project
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Significant results

Articles in ISl rated journals, in the past 5 years:

1.

10.

11.

Tiuc, AB., Rusu, T., lonescu, S., Nemes, O., Determinarea Proprietatilor Fonoabsorbante Ale Unor Noi
Materiale Compozite Realizate Din Deseuri | [Determination of the sound absorption properties of some new
composite materials obtained from wastes], Revista Romana de Materiale/ Romanian Journal of Materials 42
(4), pp. 405-414.IF 2012 - 0,61.

Cocis, E.A., Soporan, V.F., llea, P., Imre-Lucaci, F., Soporan, B.M., Bere, P., Nemes, O., Characterisation of
generated ash from hazardous waste incineration, Studia Universitatis Babes-Bolyai Chemia, Volume: 57,
Issue: 2, pp. 147-156. IF 2012 - 0,089.

Vac Soporan, M.B., Soporan, V.F., Cocis, E.A., Batrinescu, G., Nemes, O., Gas analysis of municipal landfill
emissions, Studia Universitatis Babes-Bolyai Chemia, Volume: 57, Issue: 3, pp. 23-30. IF 2012 - 0,089.

Sabau, E., Balc, N., Bere, P., Nemes, O., New materials from waste glass fibre, Studia Universitatis Babes-
Bolyai Chemia, Volume: 57, Issue: 4, pp. 201-208. IF 2012 - 0,089

Bere, P., Berce, P., Nemes O., Phenomenological fracture model for biaxial fibre reinforced composites,
Composites Part B: Engineering, Vol. 43, Issue 5, pp. 2236-2243, ISSN 1359-8368. DOI:
10.1016/j.compositesb.2012.01.073, 2012. IF 2012 — 2,143.

Nemes, O., Chiper, A. M., Rus, A. R., Tataru, O., Soporan, B.M., Bere, P., Adhesive fracture in double-lap
adhesive assemblies, Studia Universitatis Babes-Bolyai Chemia, Vol. 56 Issue: 4, ISSN 1224-7154, pp. 249-254.
IF 2011 - 0,129

Nemes, O., Lachaud, F., Double-Lap Adhesive Bonded-Joints Assemblies Modeling, International Journal of
Adhesion and Adhesives, Vol. 30, Issue 5, 2010, pp. 288-297, ISSN 0143-7496. DOI:
10.1016/j.ijadhadh.2005.07.009, IF 2010 - 1,944.

Nemes, O., Chiper, A.M., Rus, A.R., Soporan, V.F., Tataru, O., Bere, P., New composite materials plates from
vegetal fibres, Studia Universitatis Babes-Bolyai Chemia, Volume LIV, special issue 1, ISSN 1224-7154, IF 2010
-0,236.

Nemes, O., Lachaud, F., Modeling of cylindrical adhesive by bonded joints, Journal of Adhesion Science and
Technology, vol. 23, nr. 10-11, pp. 1383 - 1393, 2009, ISSN 0169-4243. DOI: 10.1016/j.ijadhadh.2005.07.009,
IF 2009 - 1,175.

Prodan, C.V., Micle, V., Rogozan, G.C., Szanto (Prodan) M., Mathematical modeling of thermal desorption
using linear regression analysis, Environmental Engineering and Management Journal, February 2013, Vol.12,
No. 2, p.365-369, Print ISSN: 1582-9596, elSSN: 1843-3707, IF 2010 = 1.435.

Berar (Sur) loana Monica, Micle, V., Avram, S., Senila, M., Oros, V., Bioleaching of some heavy metals from
polluted soils, Environmental Engineering and Management Journal, August 2012, Vol.11, No. 8, p.1389-1393,
Print ISSN: 1582-9596, elSSN: 1843-3707, IF 2010 = 1.435.

Significant solutions:
New technologies for waste recycling; New technologies for soil remediation; New and improved solution for water
treatment

Products and technologies:

1. New materials from multi-layer packages, wood saw dust and vegetal wastes
2. New technologies for soil remediation

3. New technologies for water treatment

Patents:

1. RO128093-A0 - Process and device for making plates of polymeric composite materials reinforced with fibers.
Authors: Bere Paul, Berce Petru, Nemes Ovidiu, Balc Nicolae.

2. A00336/30.04.2013 — Sound absorbent composite material and obtaining process. Authors: Ancuta Tiuc, Tiberiu
Rusu, Ovidiu Nemes

The offer addressed to the economic environment

Research &
development

Consulting

Training

Research in development of new methods and technologies of soil remediation
Research and development of new methods and technologies of water treatment
Research in environmental risk assessments

Research in waste recycling and new materials manufacturing

Consulting in soil remediation

Consulting in water treatment technologies

Consulting in waste management and recycling technologies
Consulting in risk assessments

Training courses in waste management

Training courses in recycling technologies
Training courses in soil remediation technologies
Training courses in water treatment

Assoc.Prof.Dr.Eng. Ovidiu NEMES
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INSTRUCTIONS FOR AUTHORS (Arial 12pt, Bold, Centered) — English (UK)

INSTRUCTIUNI PENTRU AUTORI — Roména

Firsthame LASTNAME*", Prenume NUME? (Arial, 11pt, Centered)

! Affiliation (Arial 9pt, Italic)
2 Apartenenta (Arial 9pt, Italic)

Abstract: (Arial, 8pt, Italic, Justified). First paragraph abstract
should be provided of 100 to 200 words length. Leave one
blank line after the abstract.

Keywords: (Arial, 8pt, ltalic, Justified). Phrases arranged
alphabetically and separated by commas. A list of 5 — 10
keywords should be provided at the end of the abstract. Leave
two blank lines after the abstract.

1. Introduction

State the objectives of the work and provide an
adequate background, avoiding a detailed
literature survey or a summary of the results.

Its contents should be structured in the
following way: problem description, application
field, research stages, methods used, results,
further research, conclusions and references.

The paper has to offer the answers for the
following questions: description of the problem,
what is done by other people, what the authors did,
what is new, what is my contribution?

2. Materials and Methods

Provide sufficient detail to allow the work to be
reproduced. Methods already published should be
indicated by a reference: only relevant
modifications should be described.

Paper Size: The manuscripts should be in
English and Romanian in a clear, direct and active
style of A4 paper—European format (210 x 297
mm).

Length: Papers must have an even number
of pages: 6, 8 or 10.

Rezumat: (Arial, 8pt, ltalic, Justified) Primul paragraf este
abstractul care trebuie sa contind de la 100 pana la 200 de
cuvinte. Lasati un rénd liber dupa abstract

Cuvinte cheie: (Arial, 8pt, ltalic, Justified). Cuvintele trebuie
aranjate in ordinea alfabetica si separate intre ele prin virgula. La
sféarsitul abstractului se recomanda o lista de 5 — 10 cuvinte cheie.
L&sati doud randuri libere dupéa cuvinte cheie.

1. Introducere

Aici se precizeaza obiectivele lucrarii i se prezinta
cateva cunostinte, evitand un studiu de literatura
sau un rezumat al rezultatelor.

Continutul sau ar trebui sa fie structurat in felul
urmator: descrierea problemei, domeniul de aplicare,
etapele de cercetare, metodele utilizate, rezultate,
cercetari suplimentare, concluzii si referinte.

Lucrarea trebuie sa ofere raspunsuri la
urmatoarele intrebari: descrierea problemei, ceea
ce se face de catre alte persoane, ceea ce autorii
facut, ceea ce este nou, care este contributia mea?

2. Materiale si metode

Trebuie sa furnizeze suficiente detalii pentru a
permite reproducerea lucrarii. Metode deja
publicate ar trebui sa fie indicate printr-o trimitere
bibliografica: doar modificari relevante ar trebui sa
fie descrise.

Formatul paginii: lucrarea trebuie sa fie
redactata in limba engleza si romana, intr-un stil clar,
direct si activ, pe format european A4 (210 x 297 mm).

Lungime: lucrarea trebuie sa aiba un numar
par de pagini: 6, 8 sau 10.

*Corresponding author / Autor de corespondenta:
Phone: ; Fax:
e-mail:
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Margins: The page layout should be "mirror
margins". Following margins: top margin 20 mm;
bottom margin 20 mm; right 25 mm and left margin
20 mm, header 10 mm, footer 10 mm.

Page Layout: Type the paper in two
columns 80 mm wide with a space of 5 mm
between the columns. Each column should be left
and right justified. Section start: column.

Fonts: Use Arial size 10 characters and
1.15 line spacing, Justified, throughout the paper.

Title: The title should be no longer than two
lines. Avoid unusual abbreviations. Center the
title (12 point bold, Capslock). Authors’ names (11
point, arial) and affiliations (9 point, italic, arial)
(Institution/Department, City, Country). Leave one
blank line (10 point) after the title, one blank line
(10 point) after the authors’ names and affiliations.
Leave two blank line (10 point) between author’s
info and the beginning of the paper.

Style: Use separate sections for introduction,
materials and methods, results, discussion,
conclusions, acknowledgments (when appropriate),
and references.

First level headings are flushed justify,
boldface and in point size 10. Use one line space
before the first level heading and one line space
after the first level heading.

Second level headings must be flush left,
bold and in point size 10, italic. One line space
should be used before the second level heading.

1.1. Formulae, symbols and abbreviations

Formulae will be typeset in Italics
(preferable with the Equation Editor) and should
be written or marked for such in the manuscript,
unless they require a different styling. The
formulae should be quoted on the right side,
between brackets:

X = Axe’ + 31kt (1)

Refer in the text to Equations as (Eq. 1), Egs. 1-4
etc.

Abbreviations should be defined when
first mentioned in the abstract and again in the
main body of the text and used consistently
thereafter.

Sl units must be used throughout.

Footnotes should be avoided.

Tables, Figures, Equations. Figures and tables
should be progressively numbered, following the
order cited in the text; they may be organized in
one or two columns.

Margini: Configuratia paginii trebuie sa fie
»,margina in oglinda”. Avand marginile: marginea sus
20 mm; marginea jos 20 mm, marginea dreapta 25
mm si stdnga 20 mm; header 10 mm, footer 10 mm.

Aspectul paginii: Modul de redactare este
pe doua coloane cu o latime de 80 mm, cu un
spatiu de 5 mm intre coloane. Fiecare coloana
trebuie sa fie Justify la stanga si la dreapta.

Font: Se va utiliza caracterul Arial 10 si
spatiul de 1,15 intre randuri, Justify.

Titlul: este recomandat ca titlul sa nu fie mai
lung de doua randuri. Sa se evite prescurtarea in
titlul. Titlul se va centra utilizdnd caracter de 12,
ingrosate si se va redacta cu litere de tipar. Numele
autorilor (marime carater 11) si apartenenfa
(marime caracter 9, inclinat) (Institutie/Departament,
oras, tara). Lasati un rand liber (marime caracter 10)
dupa titlul, dupa autorii, si dupa apartenenta, iar
dupa aceste informatii [asati 2 randuri libere.

Stil: Utilizati sectiuni separate pentru
introducere, materiale si metode, rezultate, discutii,
concluzii, mulfumiri (dupa caz) si referine
bibliografice.

Denumirea capitolelor se va redacta cu
caractere de 10, ingrosate si aliniate la margine.
Se va lasa un rand liber Tnainte de titlul de capitol
si un rand liber dupa titlul de capitol.

Denumirea subcapitolelor se va redacta cu
carcatere de 10, ingrosate, inclinate si aliniate la
margine. Se va lasa un rand liber doar inainte de
subcapitol.

1.1. Formule, simboluri si abrevieri

Formulele vor fi redactate cu carcatere
inclinate (de preferat in editorul Equation) si
trebuie sa fie numerotate in cadrul lucrarii,
exceptie cazul in care necesita un alt stil.
Formulele trebuie sa fie numerotate aliniat dreapta,
intre paranteze rotunde:

X = Axe’ + 31kt ()

Referirile la ecuatii in text se vor scrie astfel: (Ec.
1), Ec. 1-4, etc.

Abrevierile trebuie sa fie definite in momentul
cand sunt mentionate prima data in absract si,
ulterior, din nou in corpul principal al textului dupa
care se pot utiliza in mod consecvent.

Trebuie sa fie utilizate unitatii de masura din SI.

Notele de subsol ar trebui sa fie evitate.
Tabele, figuri, ecuatii. Figurile si tabele trebuie
numerotate progresiv, in ordinea mentionata in
text, acestea pot fi organizate in una sau doua
coloane.
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Tables: Draw the tables in grid format using
a basic, solid line style without shadows.

Ensure that the data presented in Tables do
not duplicate results described in Figures.

Tabelele: concepeti tabele in format de grila
utilizand linii fundamentale, solide fara umbre.

Asigurati-va ca datele prezentate in tabele
nu se suprapun cu rezultatele descrise n figuri.

Table 1.
The recommended fonts (Arial 8 Justify )
Item Font Size Style
Title of paper Arial 12 Norm, Bold
Authors' names Arial 11 Norm
Affiliation Arial 9 Italic
Abstract Arial 8 Italic
Title of sections Arial 10 Norm, Bold
Text, Formulae Arial 10 Norm
References Arial 9 Norm
Figures Figuri

Number Figures consecutively in accordance with
their appearance in the text. All illustrations should
be provided in camera-ready form, suitable for
reproduction, which may include reduction without
retouching.

Photographs, charts and diagrams are all to
be referred to as Figure(s) and should be
numbered consecutively, in the order to which they
are referred.

Figures may be inserted as black line
drawings. They should be pasted on, rather than
taped, since the latter results in unclear edges
upon reproduction.

Ensure that each illustration has a caption,
placed below the Figure. A caption should comprise
a brief title (not on the Figure itself) and a
description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all
symbols and abbreviations used. Multiple Figures
can be expressed as one Figure (for e.g. 1a, 1b, 1c
etc.), while retaining the maximum limit of 6.

Numerotati figurile consecutiv, conform cu ordinea
fin care apar in text. Toate ilustratile ar trebui
prezentate in mod “camera ready”, potrivite pentru
reproducere, care poate include reducerea fara
retusare.

Fotografiile, graficele si diagramele vor fi
denumite ca Figuri si ar trebui numerotate
consecutiv, Tn ordinea in care se refara la ele.

Figurile pot fi inserate ca desen negru liniar.
Ele trebuie introduse cu paste si nu cu tape, pentru
ca acesta din urma rezultd in margini neclare
asupra reproducerii.

Asigurati-vé ca fiecare ilustratie are o
denumire, plasatd sub Figura. Denumirea trebuie
sa includa un titlu scurt (nu pe figura insasi) si o
descriere a ilustratiei. Restangeti textul din
ilustratiile propriu-zise la minimum, dar explicati
toate simbolurile si abrevierile folosite. Figurile
multiple pot fi exprimate ca o singura Figura (ex.
1a, 1b, 1c etc.), dar limitdndu-va la maximum 6.

Figure 1. Distribution (Arial 8 Center).

ALL Figures must be submitted in either .jpg
format with a very good resolution (but do not
submit graphics that are disproportionately
large for the content).

Tables and figures should be consecutively
numbered and headed with short titles. They
should be referred to in the text as Fig. 1, Tab. 2,
etc. Leave 1 lines gap at 10 point font setting
between the previous section and figure as well as

TOATE Figurile trebuie trimise in format .jpg cu
o rezolutie foarte buna (dar nu trimiteti grafice
care sunt disproportionat de mariraportate la
continut).

Tabelele si figurile trebuie numerotate
consecutiv si denumite cu titluri scurte. in text
trebuie facuta referinte la ele astfel Fig. 1, Tab. 2,
etc. Lasati un rind liber de dimensiunea font 10
intre sectiunea anterioara si figura, precum si intre

65



Environmental Engineering and Sustainable Development Entrepreneurship — Vol. x, No. xx (2014)

between figure and next section text. All Figures
and Tables must be referred into the text.

3. Results and Discussion

Results should be clear and concise. Discussion
elsewhere in the article should explore the
significance of the results of the work, not repeat
them. Avoid extensive citations and discussion of
published literature.

The Results section should briefly present
the experimental data in text, tables, and/or
figures.

For details on preparation of tables and
figures, see below. The Discussion should focus
on the interpretation and significance of the
findings with concise objective comments that
describe their relation to other work in that area.
The Discussion should not reiterate the Results.

4. Conclusions

The main conclusions drawn from results should
be presented in a short Conclusions section.

Although a conclusion may review the main
points of the paper, do not replicate the abstract as
the conclusion.

A conclusion might elaborate on the
importance of the work or suggest applications and
extensions. Make sure that the whole text of your

paper observes the textual arrangement on this page.

5. Acknowledgements

The Acknowledgments section should include the
names of those people who contributed to a study
but did not meet the requirements for authorship.

The corresponding author is responsible for
informing  each person listed in  the
acknowledgment section that they have been
included and providing them with a description of
their contribution so they know the activity for
which they are considered responsible.

Each person listed in the acknowledgments
must give permission — in writing, if possible — for
the use of his or her name. It is the responsibility of
the corresponding author to collect this information.

References

The text should include a list of references which

reflect the current state of technology. Indicate

references by number(s) in square brackets in line

with the text. The actual authors can be referred to,

but the reference number(s) must always be given.
Number the references (numbers in square

figura si urmatoarea sectiune de text. Toate
Figurile si Tabelele trebuie sa aiba referinte in text.

3. Rezultate si discutii

Rezultatele trebuie sa fie clare si concise. Discutia
in altd parte a articolului ar trebui sa exploreze
semnificatia rezultatelor muncii, nu sa le repete.
Evitati citarea extensiva si discutarea literaturii deja
publicate.

Sectiunea de rezultate trebuie sa prezinte
pe scurt date experimentale in text, tabele si/sau
figuri.

Detalii privind pregatirea tabelelor si a
figurilor gasiti mai jos. Discutia trebuie sa se
concentreze pe interpretarea si semnificatia
descoperirilor, cu comentarii concise si obiective
care descriu relatia cu alte lucrari in domeniu.
Discutia nu trebuie sa reitereze Rezultatele.

4. Concluzii

Concluziile principale trase in urma rezultatelor
trebuie prezentate intr-o scurta sectiune de Concluzii.
Cu toate ca o concluzie poate trece in
revista principalele puncte ale lucrarii, nu
reproduceti rezumatul pe post de concluzie.

O concluzie poate sa elaboreze pe tema
importantei lucrarii sau sa sugereze aplicatii si
extensii. Asigurati-va ca textul integral al lucrarii
arata aranjamentul textual pe aceasta pagina.

5. Multumiri

Sectiunea de Multumiri trebuie s& includa numele
acelor persoane care au contribuit la un studiu,
dar nu au indeplinit cerintele pentru a deveni
autori.

Autorul corespunzator este responsabil sa
informeze fiecare persoana din lista de multumiri
asupra faptului ca au fost incluse si sa le ofere o
descriere a contributiei lor, pentru a sti de care
activitate se fac raspunzatori. Fiecare persoana
din sectiunea de multumiri trebuie sa isi dea
acceptul — in scris daca este posibil — pentru
folosirea numelui sau. Este responsabilitatea
autorului sa colecteze aceste informatii.

Referinte

Textul trebuie sa includa o lista de referinte care
reflecta starea actuala a tehnologiei. Indicati
referintele prin numere in paranteze patrate pe
acelasi rand in lucrare. Se pot face referiri la
autorii  propriu-zisi, dar Tintotdeauna trebuie
mentionat si numarul de referinta.
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brackets) in the list in the order in which they
appear in the text [1]. Please ensure that every
reference cited in the text is also present in the
reference list (and vice versa). References should
be listed as they appear in the text [2, 3]. Use Arial
9 point size.

List the references at the end of the text with
Arabic numerals (1, 2, etc.) with the order they
appear in the text.

Books: Names and initials of authors, title of the
book; edition; volume number; publisher; place;
year, page number:

[1] Faber K., Biotransformations in Organic Chemistry —
A Textbook, vol.VIll, 4th Edition, Springer, Berlin-
Heidelberg-New York, 2000, 212-240.

Symposia volumes: Names and initials of
authors; article title; full title; symposium
abbreviated; volume number; place; year; date;
page number:

[2] Clark T.A., Steward D., Wood and Environment, Proc.

6th Int. Symp. on Wood and Pulping Chemistry,
Melbourne, 1991, 1:493.

Journal papers: Names and initials of authors;
full title of the paper; full name of the journal
(italic); year, volume number; first and last page
numbers:

[3] Tanabe S., Iwata H. and Tatsukawa R., Global
contamination by persistent organochlorines and
their ecotoxicologcial impact on marine mammals,
Science of the Total Environment, 1994, 154:163-
177.

Patents: Names and initials of authors, patent title,
country, year, patent number:

[4] Grant P., Device for Elementary Analyses. USA
Patent, 1989, No. 123456.

Dissertations: Names and initials of authors, title;
specification (Ph. D. Diss.), institution, place, year:

[5] Aelenei N., Thermodynamic study of polymer
solutions, PhD Thesis, Institute of Macromolecular
Chemistry Petru Poni, lasi, Romania, 1982.

Legal regulations and laws, organizations:
Abbreviated name; full name of the referred text;
document type; author; year, URL address:

[6] ESC, Improving access to modern energy services
for all fundamental challenge, Economic and Social
Council, ENV/DEV/927, 2007. On line at:
http://www.un.org/News/Press/docs/2007/envdev927

Numerotati referintele (numere in
paranteze patrate) din listda in ordinea in care
apar in text [1]. Asigurati-va ca fiecare referinta
citata in text este prezenta si in lista de referinte
(si vice-versa). Referintele trebuie listate asa cum
apar in text [2, 3]. Folositi fontul Arial, marimea 9.

Listati referintele la sfarsitul textului cu
numerale arabe (1,2 etc.) in ordinea Tn care apar
in text.

Carti: Numele si initialele autorilor, titlul cartii,
editia, numarul volumului, editorul, locul, anul,
numarul paginii:

[1] Faber K., Biotransformations in Organic Chemistry —
A Textbook, vol.VIll, 4th Edition, Springer, Berlin-
Heidelberg-New York, 2000, 212-240.

Volume simpozioane: Numele si initialele
autorilor, titlul articolului, titlul complet, simpozionul
abreviat, numarul volumului, locul, anul, data,
numarul paginii:

[2] Clark T.A., Steward D., Wood and Environment, Proc.
6th Int. Symp. on Wood and Pulping Chemistry,
Melbourne, 1991, 1:493.

Articole din reviste: Numele si initialele autorilor,

titlul intreg al lucrarii, numele intreg al revistei

(italic), anul, numarul volumului, numarul primei si

ultimei pagini:

[3] Tanabe S., Iwata H. and Tatsukawa R., Global
contamination by persistent organochlorines and
their ecotoxicologcial impact on marine mammals,

Science of the Total Environment, 1994, 154:163-
177.

Brevete: Numele si initialele autorilor, titlul
brevetului, tara, anul numarul brevetului:

[4] Grant P., Device for Elementary Analyses. USA
Patent, 1989, No. 123456.

Disertatii: Numele si initialele autorilor, ftitlu,
specificatie (doctorat, disertatie), institutia, locul, anul:

[5] Aelenei N., Thermodynamic study of polymer
solutions, PhD Thesis, Institute of Macromolecular
Chemistry Petru Poni, lasi, Romania, 1982.

Reglementari legale si legi, organizatii: Numele
abreviat, numele intreg al textului la care se face
referinta, tipul documentului:

[6] ESC, Improving access to modern energy services
for all fundamental challenge, Economic and Social
Council, ENV/DEV/927, 2007. On line at:
http://www.un.org/News/Press/docs/2007/envdev927

.doc.htm

.doc.htm
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Referinte online: URL-ul complet trebuie
prezentat in text ca citat, daca alte date nu sunt
disponibile. Daca autorii, titlurile documentelor sunt
cunoscute si referintele sunt luate de pe un
website, atunci trebuie mentionate anul si adresa
URL dupa aceste informatii:

[7] Burja C., Burja V., Adapting the Romanian rural
economy to the European agricultural policy from the
perspective of sustainable development, MPRA,
Munich Personal RePEc Archive, 2008. On line at:
http://mpra.ub.unimuenchen.de/7989/1/MPRA_paper
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