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Introduction

INTRODUCTION

The first chapter of the paper presents the European perspective on waste
management, emphasizing also the need, the opportunities and the set objectives of the study,

in order to accomplish the goal of the thesis.

Being an important socio-economic issue, waste management requires numerous
technical aspects, but it is also influenced by other factors: legislative, cultural,
environmental, economic, and availability of resources (Sharholy et al., 2007). Considering
waste as a potential resource, as raw material, but also the environmental threats of improper
waste deposits, an integrated approach of waste management is a key factor of the sustainable
development.

Hence, in the last years, the issue of waste management is considered within the
context of circular economy that can be translated by separating economic development from
the non-renewable resources consume. Moreover, there is the need of abandoning the old
linear economy concept that resumes to the use of non-renewable resources turning them into
products that, at their end life they result in large waste deposits (CE, 2014).

Considering this framework, the old practice of landfills must be replaced with
sustainable solutions that consist in waste preventing, waste recycling, recovery and green
designing of products. Furthermore, a proper planning of waste management needs a
complete database on waste generation, waste composition and other waste characteristics,
this being also agreed by a D Waste Report (www.d-waste.com).

Waste management is one of the biggest challenges that Romanian municipalities have
to deal with, considering the growing waste quantities, the environmental issues, and the
recycling and recovery targets imposed by the European Union (Tartiu & Petrache, 2009).

Even more attention should be given to this issue since waste management became
resource management in the context of circular economy.

In this context, the thesis focuses on household waste and waste similar to household
waste generated by the industry and institutions, including special fluxes such as electric and
electronic equipment.

The work aims to identify directions for a proper solid waste management system in
Cluj-Napoca based on useful instruments that can be used by different waste management

stakeholders.
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Introduction

Therefore, the objectives of the study are:

(1) Establishing a methodology for waste characterization studies;

(2) Identifying household waste composition generated by population and commercial
sector based on 10 waste categories in each season;

(3) Identifying generation rate of household waste in Cluj-Napoca;

(4) Determination of the specific density of not compacted household waste generated
in Cluj-Napoca.

(5) Identifying the calorific value of household waste in Cluj-Napoca;

(6) Identifying the degree of Cluj-Napoca City population participation in waste
separate collection process;

(7) Evaluation of waste management processes using Life Cycle Analysis (LCA)
method (including distinct analysis of collection and transport processes);

(8) Analysing waste treatment options from an economic point of view; Estimation of
the economic value of household waste generated in Cluj-Napoca;

(9) Evaluating the recycling and recovery potential of household waste generated in

Cluj-Napoca;
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CHAPTER 2-THE STATE-OF-THE-ART

The analysis of the state-of-the-art in the field of waste characterisation and waste
management was accomplished through bibliography analysis. The focus was on certain
aspects: (1) the level of knowledge regarding waste characteristics in Romania, (2)
methodological approach of waste characterisation, (3) the utility of the results obtained in
different waste characterisation studies and (4) the implementation of Life Cycle Assessment

(LCA) within waste management.

2.1 The level of knowledge regarding waste characteristics in Romania

The experience of Romania on this matter is limited to a low number of waste
characterisation studies, developed occasionally at a local scale, some only being limited to
research. Therefore, the statistics on waste composition, waste density and generation rates
are mainly based on estimations and data provided by the sanitation companies (Ecorom
Ambalaje, 2013a).

Hence, among the studies on waste characteristics developed in different regions of
Romania, some can be listed: (1) Waste composition identified for waste generated in Brasov,
in 2004 (SWA Tool Consortium, 2004b); (2) Waste composition identified for waste
generated in Bihor County, in 2006 (MMDD, 2007); (3) Studies regarding household waste
composition in the Centre Region, in 2011 (ARPM Sibiu, 2011); (4) Study on household and
packaging waste composition generated in Pitesti, in September 2012 — August 2013 (Ecorom
Ambalaje, 2013a); (5) Study on the composition of waste generated in Ploiesti and Campina,
in 2014 (Panaitescu & Bucuroiu, 2014).

The fact that data used in Romania and also other countries (Albania, Bosnia-
Hertegovina, Bulgaria, Croatia, Serbia), regarding waste characteristics are based on

estimations, is also acknowlegded by other studies (Hristovski et al., 2007).

2.2 The level of knowledge regarding the methodology used in waste characterisation

studies

The current chapter presents waste characterisation methodologies used in different

studies performed in Romania and other countries.

Although other local waste characterisation studies have been performed in Romania,

there is no unitary methodology adopted by law, with mandatory use in these studies. This
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would be useful not only for studies at regional level, but also for the possibility to compare

the results of the studies performed in different countries.

In Romania there is a standard related to waste characterisation — SR13493/2004 —
Waste characterisation. Methodology for household waste characterisation — ROMECOM,
with voluntary use.

The project named Development of a methodological tool to enhance the precision &
comparability of solid waste analysis data — S.W.A. — TOOL, funded by the EU, has studied
aspects related to waste characteristic including waste management in Brasov.

Moreover, the Project Twinning Phare RO/06/IB/EN/06 must be mentioned in this
context since, besides the recommendations regarding the sorting facilities of the packaging
waste, the project also recommended a waste characterisation methodology.

A study from 2014 (Pop et al., 2014a) highlighted that at international level there are
many studies on waste characteristics in developed countries, e.g.: Alachua, Florida — United
States of America (Townsend et al, 2010), Maine, New England- United States of America
(Criner & Blackmer, 2011); Vancouver — Canada (TRI Environmental Consulting Inc., 2011),
Boulder, Colorado — United States of America (MSW Consultant, Cascadia Consulting
Group, 2010); Great Britain (EPA, UK, 2000), Ghana (Bryant et al., 2010) etc.

Regarding the research performed in developing countries, a number of studies can be
mentioned: Allahabad, India (Sharholy et al., 2007), Chittagong, Bangladesh (Sujauddin et
al., 2008), Kharagpur, Bengal, India (Kumar & Goel, 2009), Nagpur, India (Modak &
Nangare, 2011), Abuja, Nigeria (Ogwueleka, 2013), Nigeria, Niger Delta Region (Owamah et
al., 2015) etc.

2.3 Use of the Life Cycle Assessement in waste management

Pop et al. (2016a) also presented the state-of-the-art regarding the usage of Life Cycle
Assessement in waste management. It can be noticed that there are many studies on this
subject mostly in Europe and in the developed countries (Laurent et al., 2014a).

Many reviews have been performed (e.g. Tascione & Raggi 2012; Abeliotis 2011);
they highlight that, in general, a number of scenarios between 2 and 24 were analysed, being
defined after 4 criteria: (1) standards and recommendations, (2) good practices, (3) studies
focused on a certain waste management option and (4) predictions (Tascione & Raggi, 2012).

There are useful studies in performing new Life Cycle Analysis on waste

management, for example: (1) the book chapter entitled “Life Cycle Analysis of waste
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management system” (Hauschild & Barlaz, 2010; Bjorklundet al., 2010, Christensen et al.,
2010) that introduces the use of this method in waste management and debated specific
examples: (2) the work of McDougall et al. (2001), that presents case studies and also
frameworks the LCA method applied to waste management; (3) the book chapter on critical
analysis of studies performed on LCA, within the volume Integrated Waste Management
(Abeliotis, 2011); (4) the report on studies that evaluate the environmental impact of
recycling, landfilling and incineration of different material types (Michaud et al., 2010).

Laurent et al. (2014a, 2014b) performs a critical analysis on 222 LCA studies from the
point of view of their quality, structure, methodology and results, giving a series of
recommendations on the best use of this method. Hence, a series of studies are recommended
as reliable bibliographic sources (Arena et al. 2003, Jenseit et al. 2003, Blengini et al. 2012
etc).

There is low interest in analysing innovative technologies such as gaseification,
pyrolysis and anaerobic digestion while there are waste management treatment options such
as landfilling, recycling, composting and incineration that are intensly debated in terms of
environmental impact (Michaud et al., 2010).

In Romania, there are few studies that analyse waste management through LCA, e.g.:
Gliguta et al. (2010); Popita (2011); Ghinea et al. (2012, 2014); Pop et al. (2016a); Popita et
al. (2017). However, these undertakings are not enough to apply LCA in order to establish the

best waste management option in Romania (Popita et al., 2017).
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CHAPTER 3- CHARACTERISATION OF THE RESEARCH AREA

Chapter 3 presents the solid household waste management system applied in Cluj-
Napoca.

Solid household waste management in Cluj-Napoca — Formal sector

Figure 1 presents relevant events in waste management for Romania and Cluj-
Napoca. It highlights that landfilling was the treatment option with the widest use within
waste management in Cluj-Napoca. However, in the last few years, authorities are in the

process of planning an integrated waste management system.

Construction temporary
of the landfill ocpens
" . 3 Integrated
Pata Rat" landfil Accession Treaty signed Swms*
opens starts
Only initial deadline for closing "Pata Rat"
E = "Salprest” surface of landfill in accordance with the Complete landfill
S0 4 taking over LF 8.94 ha close Accession Treaty shut down &
=< S operations for "waste crisis"
£33 rehabilitation
$5°
=
5%

oY

+ 0 sOssEEEE——

First National Romania's Acccession to .
Waste the EU EFR system EPR crisis
— Management implemented

g2 Waste Strategy Landfill tax
c o regime
@
C® reglemented
g5
=
8%

%
A
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Figure 1 Timeline of selected relevant events at local and national level (dupa Nicodin et al.
2016)

Since the public authorities are responsible for waste management, in Cluj-Napoca the
sanitation services have been delegated to private companies. The main elements of the solid
waste management are represented by: separate collection of waste at the generation source
on two fractions, “door to door” waste collection, sorting of the dry fraction followed by

recycling and landfilling the wet fraction of waste (Figure 2).
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,»Waste pickers”
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Figure 2 Household waste management system of Cluj-Napoca (Pop et al., 2015b)

Solid household waste management in Cluj-Napoca — the informal sector

Although there are only two companies in charge with the management of solid
household waste, there are also unauthorised persons that collect valuable waste and sell them
to collecting companies for recycling.

On one hand, the informal sector leads to a certain decrease of waste landfilling, but
on the other hand, it creates problems in the formal sector, sunch as: pilfering already selected
waste from the bins destined to packaging waste collection, destroying waste collection
infrastructure belonging to the formal sector and scavenging or cherry picking. The
advantages and disadvantages of the involvement of the informal sector in waste management
in Cluj-Napoca are debated in the study performed by Pop et al. (2015b).

At the time the study is performed, there is no mechanical sorting facility, composting
facility of ecological landfill within the waste management system. The landfill is placed at a
distance of 5 km from the town and it is not equipped with leachate or gas collecting systems.

According to the data received from the Cluj-Napoca local authorities, the selective
collection between 2012 and 2017, through formal sector, represented 15 % from the total
collected waste (anuall average).

The thesis also presents a SWOT analysis that synthesises waste management system

from Cluj-Napoca.
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CHAPTER 4 - METHODOLOGY

Chapter 4 — Methodology explains the instruments used in performing the studies
presented in the thesis: (1) characterisation study of waste generated in Cluj-Napoca —
composition, density, calorific value, generation rate, (2) analysis of the degree of population
involvement in separate collection of waste at the generation source, (3) Evaluation of waste
management processes using the LCA method, (4) Analysis of waste treatment options from
an economic point of view and (5) Evaluation of the recycling and recovery potential of

household waste generated in Cluj-Napoca;

In performing the studies presented in the thesis, the following methods and

techniques were used:

- The documentation of every aspect within the thesis — bibliography study;

- Waste composition study — output method (Table 1).

Table 1 Methodology used in the planning of the waste composition study (Pop et al., 2015a; 2015d).

Survey - output method -establishing waste composition by sampling, sorting and weighing waste
method by category

Stratification | (1) waste sector: residential and commerce

of the study (2) waste subsector: single-family residential, multifamily residential and commerce
(3) waste type: dry and wet fractions of waste

(4) seasonal characteristics: summer and autumn 2014, winter and spring 2015

Sampling - random sampling from the collection bins (wet fraction) and from the vehicle (dry fraction)

- summer campaign: June and August 2014

- autumn campaign: October and November 2014
- winter campaign: January and February 2015

- spring campaign: April and May 2015

- 45 samples with masses between 46 -1500 kg; total sample weight: >17 t

Sorting - 10 waste categories
Statistical -Chi Square Test
Analysis -Standard Deviation

- The quantity of waste generated during 10 days by approximately 9000 persons
(2,8% of the total population in Cluj-Napoca) living in residential areas with flat apartments

was monitored in order to determine waste generation rate;

10
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- Field determination of uncompacted waste from bins, taking place in February-
March 2016 and August 2016, were used to determine specific density of uncompacted waste
(Table 2 and Table 3).

Table 2 Data used in identifying specific weight of household waste generated in Cluj-Napoca — cold
season (Pop et al., 2016)

Date 08.02.16 10.02.16 100216 200216 21.02.16 28.03.16 Average Total
Collected 773 636 323 67.1 75.1 88 67.2 403
waste (m?)
Collected
ot (ke 7520 6420 2680 5640 7640 6560  6076.7 36460

Table 3 Data used in identifying specific weight of household waste generated in Cluj-Napoca — warm

season
Date 18.08.16 19.08.16 20.08.16 20.08.16  21.08.16 Average Total
Collected waste  58.346 49.252 57.764 84.944 81.538 66.37 331.844
(m°)
Collected waste 6700 5240 7220 10020 9620 7760 38800
(kg)

- The calorific value of household solid waste was identified using the equation

below (Zurbriigg, 2016) and waste composition determined by Pop et al. (2015d):
NCV [kcal/kg] =40(a+b +c+d) + 90e — 46W

Where: NCV- Net Calorific Value or Lower Calorific Value; percentage of the wet
fraction of waste quantity identified by Pop et al. (2015): a — Paper (11%), b — Textile (2%), ¢
— Wood and leafs (1%), d — Food waste — organics (50%), e — Plastic and rubber (17%), W —
Water (60%) (estimated — Zurbriigg, 2016).

- The analysis of the involvement of the population within waste management
through waste source separation was performed using the questionnaire survey method;

- LCA method was used to evaluate the environmental impact of different scenarios
of waste management system through SimaPro8, version 8.1.1.16 Developer; Table 4 present
the characteristics of the involved scenarios (Pop et al., 2016a); waste generation data specific

to Manastur neighbourhood were used.

11
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Table 4 Description of modelled scenarios (Pop et al., 2016a)

Main SCN SCN SCN SCN 2 SCN 2B SCN SCN
characteristics/scenario 0B 0 1 3 4
Collection & transport 1 1 2 2 (+transport 2 (+transport 5 5
type (number of optimisation)  optimisation)

fractions)

Landfilled waste % 100 94 65 65 65 65 72
Recycled waste % 0 6 35 35 35 35 28
Distance to 0 340-  340- 340-470 30 340-  340-
recycling/type of 470 470 470 470
recycled material (km)

- The economic analysis of different waste treatment options used real costs of these
options and market prices of recyclable waste from 2016, expressed in €, without VAT (Pop
et al., 2016b); waste composition identified by Pop et al. (2015d) and the waste generation
data from 2013 presented by the local Waste Management Strategy (H.C.L. 529/22.12.2014)

were used.

12
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CHAPTER 5 - RESULTS AND DISCUSSIONS

Chapter 5 presents the personal contributions, regarding: (1) characteristics of solid
household waste generated in Cluj-Napoca — composition, generation rate, density, calorific
value, etc., and also (2) the personal contribution regarding identified aspects on population
involvement in selective collection of waste at the generation source, application of LCA
indifferent waste management scenarios and economic analysis of waste generated in Cluj-
Napoca. At the end, after analysing all aspects mentioned above, directions for a proper
waste management system were identified, and can be applied by authorities in order to

improve the functionality of the system at local level.

5.1 Composition of household waste generated in Cluj-Napoca

The composition study was performed in the period June 2014 — May 2015 and it
highlighted that composition of household waste generated in Cluj-Napoca is largely organic,
represented by food waste (30-40%), vegetables, yard waste, followed by a quite high
percentage of plastics and paper (Figure 3, Figure 4 and Figure 5) (Pop et al., 2015d).

Considering the involvement of the informal system in waste management
(Scheinberg et al., 2010), the results are representative for solid household waste that are

collected by the formal sector.
Household waste composition - wet fraction- on generator type

The composition of the wet fraction of waste generated by the population living in
residential areas with multiple-family houses is similar to waste composition generated by
population from residential areas with single-family houses (Figure 3 and Figure 4).

Waste generated by economic agents (restaurants, institutions, shops, etc.) has a lower
percentage of organic waste and a higher percentage of recyclable material in comparison to
waste generated by population, as shown in Figure 5. This indicates that waste generated by

economic agents have a higher recycling and recovery potential.

13
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Organic waste
58%

Figure 3 Household waste composition (wet fraction) generated by population living in
multiple family houses (Pop et al., 2015d)

Hazardous
waste
0%

Organic waste
50%

Figure 4 Household waste composition (wet fraction) generated by population living in single family
houses (Pop et al., 2015d)

Hazardous
waste

0%
WEEE*

Organic waste
38%

Figure 5 Composition of waste similar to household waste (wet fraction) generated by
economic agents (Pop et al., 2015d)
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Waste composition on wet and dry fractions

Overall, from the total generated waste that is currently disposed, 50% has the
potential to be used for energy recovery and >37% could be recycled (Figure 6). However,
the informal recycling sector selects recyclable material waste even from the landfill site,

minimising the quantity of landfilled waste.

Therefore, new strategies for minimising waste landfilling and increasing waste
recycling and recovery should be developed and the results of the study should be taken into

consideration in the planning process.

WEEE™Hazardous

Organic
waste

50%

Figure 6 Composition of wet fraction of household waste and waste similar to household waste
generated in Cluj-Napoca (Pop et al., 2015d)

Selective collection of waste on two fractions is a system functioning only in a low
percentage in Cluj-Napoca, mostly in residential areas with single-family houses and in the
case of a small percentage of the economic agents. Moreover, this fact is identified within the
composition of the two waste fractions that highlights that generators do not select their waste

at the source properly (Figure 6 and Figure 7) (Pop et al., 2015d).

Organic
waste
16%

Figure 7 Composition of dry fraction of household waste and waste similar to household waste
generated in Cluj-Napoca (Pop et al., 2015d)
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The statistic analisys of waste composition in Cluj-Napoca

The chi-squared test applied to the sampled waste quantities on seasons, generator
type and waste fractions proofs that waste composition has a preferential distribution
according to factors like seasons, generator type and waste fraction, therefore these factors
have a high influence upon waste composition. Hereby, the chi square test value for seasons is
¥?= 1586.98, for waste generators y?>= 677.74 and for waste fractions ¥*=2187.87.

Standard deviation and the variability range indicates that waste composition average
values on generators, seasons and waste fractions are representative. However, in cases of
fractions that can be found in a low percent in waste composition, the variability range can be
higher than the average. In these cases, a higher number of samples are required so that
composition of fractions such as wood, textiles and WEEE can be also representative, fact
that confirms the theory of Klee & Carruth, 1970 (in Worrell & Vesilind, 2002, p. 40).

5.2 Household waste generation rate in Cluj-Napoca

The amount and composition of household waste generated by population depends on:
socio-economic factors, demographic factors, residential structure and climatic factors
(Comisia Europeana, 2004; Rusu, 2012; Parfitt et al., 2013, Thitame et al., 2010). Therefore,

bibliographic data indicate a high range of waste generation rate, aspects detailed in the thesis.

The applied methodology indicated an average estimated generation rate of de 0.87
kg/pers-day +0.21. This is similar to the generation rate of 0.8 kg/pers-day estimated in the
Local Council Decision no. 152/2009; in this context, the waste generation rate was used in
order to determine the number of bins and vehicles required for waste collection in Cluj-
Napoca (Local Council Decision no. 152/23.03.2009).

Comparing the generation rate values obtained in the two studied periods, it can be
observed that there is a higher value in the warm season (1.039 kg/pers-day- Table 6) than in
the cold season (0.703 kg/pers-day - Table 5); this can be due to differences in the feeding customs

in the two periods of the year.

Table 5 Identified waste generation rate in Cluj-Napoca — cold season

DATE 08.02.16 | 20.02.16 | 21.02.16 | 10.02.16 | 28.03.16 | Average | St. dev.

Collected
guantity 7520 5640 7640 8900 6560
/sector (kg)

Identified
generation rate 0.656 0.665 0.656 0.762 0.774 0.703 + 0.054
(kg/pers-day)

16
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Table 6 Identified waste generation rate in Cluj-Napoca — warm season

DATE

18.08.16

19.08.16

20.08.16

20.08.16

21.08.16

Average

St.
dev.

Collected

quantity /sector

(kg)

5683

5654

5629

10370

11455

Identified

generation rate
(kg/pers-day)

1.179

0.927

1.283

0.966

0.840

1.039

0.165

The identified average value of the generation rate is higher than the average national

value and this can be explained by the fact that Cluj-Napoca is one of the most developed of

the Romanian cities, aspect that also results in the generation of a high anount of waste.

Moreover, it is expected that waste generated in Cluj-Napoca will increase in the following

years.

5.3 Household waste density

The results of the uncompacted waste density study in the cold and warm periods of the year are

presented in Table 7 (Pop et al., 2016b) and

17
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Table 8.

The determinations were applied on the wet fraction of the waste: in the case of
population living in residential areas with block of flats, it is practically represented by
comingled household waste. However, there can be cases in which the composition of the
generated waste from these areas is affected by the interventions of the informal recycling

sector that extracts recyclable waste from the bins situated on public spaces.

Table 7 Results of the campaign of the density measurement of household waste generated in Cluj-
Napoca during the cold season (Pop et al., 2016b).

Date 08.02.16 10.02.16 10.02.16 20.02.1 21.02.1 28.03.16 Average Standard
6 6 deviation

Collected 77.33 63.57 32.29 67.10 75.12 88.04 67.24 +17.47

waste (m°)

Collected 7520 6420 2680 5640 7640 6560 6076.67  +1663.67

waste (kg)

Specific 97.25  100.99 82.99 84.05 101.70 74.51 90.25 +10.28

weight of

waste (kg/

m?®)

18



Chapter 5. Results and Discussions

Table 8 Results of the campaign of the density measurement of household waste generated in Cluj-
Napoca during the warm season

Date 18.08.16 19.08.16 20.08.16 20.08.16  21.08.16 Medie Standard
deviation

Collected waste  58.346 49,252 57.764 84.944 81.538 66.37 +14.19

(m?)

Collected waste 6700 5240 7220 10020 9620 7760 +1807.36

(kg)

Specific weight 114.8 106.4 125.0 118.0 118.0 116.44 +6.03

of waste (kg/

m?®)

The results of the study indicate a density of the uncompacted household waste with a
value between 74.5 kg/m?® and 101.7 kg/m?, with an average value of 90.25 kg/m®+10.28 in
the cold period. The values in the warm period are between 106 kg/m? and 125 kg/m?, with an
average value of 116.44 kg/m?® +6.03, being higher during the warm season, because more
vegetables are consumed this time of the year, that are denser than packaging waste.

However, the difference between the two periods is not considerably high and the
results indicate a waste composition with an increased percentage of packaging waste that are
bulky but light. This also indicates that waste generated in Cluj-Napoca has a great recycling
potential, especially if recyclable waste is being collected separately at the generation source
(Pop et al., 2016b).

The analysis of bibliographic sources indicated that there are considerable differences
in waste density generated in Cluj-Napoca (Pop et al., 2016b). Nevertheless, due to presence
of the high percentage of organic materials, household waste generated in Romania has

relatively high density, between 300 and 350 kg/m?®.

5.4 Calorific value of household waste

A high calorific value indicates a higher burning capacity of waste with less additional
fuel (JICA, 2005).

Calorific value of waste mostly depends on their humidity and composition.
Therefore, based on the economic level of the population, in general waste can be

characterised as presented in Table 9.

Table 9 Waste properties according to the economic level of the population Cointreau-Levine, 1994)

Properties Low economic level Medium High economic level
/economic level economic level

Humidity (%) 40-80 40-60 20-30
Density at transport (kg/m?3) 250-500 170-330 100-170
Minimum calorific value 800-1000 1000-1300 1500-2700
(kcal/kg)
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Calorific value of waste generated in Cluj-Napoca, according to the performed studies
is 1330 kcal/kg (equivalent to 5,56 MJ or 5568 KJ) (PCN: 40(11+2+1+50) + 90x17- 46x60 =
1330 kcal/kg). According to Table 9 this is assimilated to a medium to high economic level of
the generators that is specific to the population living in Cluj-Napoca.

Waste incineration without additional fuel is possible at an inferior calorific value >
1000 kcal/kg, and the process of waste incineration with energy recovery requires an inferior
calorific value between 1500 and 1650 kcal/kg (Zurbriigg, 2016).

Moreover, a waste incineration guide states that this process requires an inferior
calorific value of at least 7 MJ/kg and that should not be lower than 6 MJ/kg (International
Bank for reconstruction and Development, 1999).

Hence, considering all mentioned above, incineration does not represent a solution for
waste generated in Cluj-Napoca, at least not without a preliminary sorting.

In cases of low waste calorific values and increased waste humidity, the optimum
waste treatment solution is composting or anaerobic digestion (Yousuf & Rahman, 2007).
These are also the solutions recommended for household waste generated in Cluj-Napoca

considering its characteristics.

5.5 Evaluating attitudes and behaviour towards selective collection of waste

Involvement of waste generators in selective collection of waste is one of the issues
that need to be tackled within a waste management system. Therefore, waste generators
behaviour and attitude regarding selective collection of waste, recycling and other issues
related to waste management are very important within an effective waste management
process, helping in the monitoring stage (Pop et al. 2015c).

Pop et al. (2015c) published a study with the following objectives: (1) to determine
whether the population has sufficient information regarding the selective collection of waste
and is aware of its importance, (2) to identify the opinion and attitude of population regarding
the current system of selective collection of waste, (3) to evaluate the behaviour of population
concerning the selective collection of waste, and (4) to identify solutions to improve selective
collection of waste based on the answers of the population such as: suggesting specific
educational campaigns, suggesting ways to minimise the perceived barriers against selective

collection of waste.
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5.5.1 Awareness level of population on separate collection of waste at generation source

Do you know the meaning of
selective collection of waste?

1%

" yes
" no

Evaluate the importance of the
process of selective collection of
waste within waste management
process:

Very important

» Important

= Moderately important
= Slightely important

» | do not know

Evaluate the importance of
selective collection of waste for
the preservation of natural
resource and environmental

protection:

» Very important

» Important

© Moderately important
= Slightely important

# | do not know

Figure 8. Degree of awareness regarding the selective collection of waste (Pop et al., 2015c¢)

The answers of the respondents indicate that 99% of them know the meaning of

selective collection of waste (Figure 8a) (Pop et al. 2015c).

Moreover, they are aware of the importance of the selective collection of waste for the

waste management process, and also for the preservation of natural resources and

environmental protection, as shown in Figure 8b and Figure 8c (Pop et al. 2015c).

However, as noticed also in other studies (e.g. De Feo & De Gisi, 2010), the

knowledge of rules, or the awareness degree does not really mean translation into action of

selective collection at source by waste generators.
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5.5.2  Aspects regarding the infrastrucure for separate collection of waste

Do you think that the interest How do you evaluate the actions
of the authorities for the of the authorities regarding
selective collection of waste 3% "““g:rig!f::::’;‘;ma;t’ i
119, has grown in the last years? 2% y
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« | do not know = High
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selecting waste in Cluj-Napoca waste in Cluj-Napoca
that you can also use? u Containers for reciclable

8% 2% 1% waste (public places)
0% 5% /_2% = No answer/l don't know

nyes
"no

= Containers for reciclable
waste (shopping area

n Kerbs‘ée cgr'ecgon of)
recyclables

= Centres for collecting
recyclables

= Collection of waste on
two fractions
Other
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Figure 9 Opinion on the system of selective collection of waste (Pop et al., 2015¢c)

Respondents were asked to give their opinion on the implemented system of selective
collection of waste in Cluj-Napoca. Only less than 50% of the respondents answered that, in
their opinion, the interest of public authorities for waste management had increased over the
last years, and evaluated the actions of the public authorities in this domain as being low
(Figure 9a, Figure 9b). (Pop et al. 2015c).

As seen in Figure 9c, the majority of the respondents know at least one possibility to
collect waste selectively. Moreover, although in Cluj-Napoca the curbside collection system
on two fractions is implemented, and it is the most at hand, 73% of the respondents indicated
the containers for recyclable waste located on public places as the facility they are using
(Figure 9d) (Pop et al. 2015c).

The majority of the respondents indicated that the best measure to improve selective
collection of waste would be to increase the number of containers for recyclable waste located
on public places, and to increase the information, the education degree, and the raising

awareness campaigns on selective collection of waste.
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5.5.3 Behaviour regarding selective collection of waste and the determining factors

Do you collect your waste What is your motivation for
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Figure 10 Present and future behaviour of waste generators regarding selective collection of waste
(Pop et al., 2015c)

According to their answers, more that 78% state they select their waste, even if
partially, and only 22.6% do not collect their waste selectively (Figure 10a), although it is
clear that it is not entirely true. This large discrepancy between claiming recycling attitudes
and actual behaviour was also emphasized by other studies (e.g. Omran and Schiopu, 2015).
Moreover, 67% of the respondents declare they intend to increase their efforts regarding the
selective collection of waste (Figure 10d.) (Pop et al. 2015c).

Moreover, the study indicated certain pro-environment behaviour factors that promote
a proper behaviour in terms of selective collection of waste, that are mainly environmental
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protection and money saving (Figure 10b.). However, the major perceived barrier against
selective collection of waste was also highlighted in Figure 10c, and it mainly consists in
insufficient infrastructure for this specific purpose (Pop et al. 2015c).

Education is considered the main factor that influences behaviour on selective
collection of waste, followed by legal issues (Figure 10e.), but there is not only one
educational method that stands out in their preferences (Figure 10f.) (Pop et al. 2015c).

Furthermore, Table 10 lists possible reasons that would make generators decrease
their efforts of selecting waste.

Table 10 Reasons to reduce efforts regarding selective collection of waste as perceived by waste
generators (Pop et al., 2015¢)

Reasons that would determine you to reduce your efforts regarding selective No.

collection of waste of answers
Mixing selected waste and not recycling it by the sanitation companies 37
Lack of bins for recyclable waste 22
Long distance to the bins for recyclable waste 6
Lack of interest from behalf of public authorities and sanitation companies 6
Not collecting recyclable waste by sanitation companies 4
Other reasons 7
It is not the case/ | have no reasons to do that 51

Nevertheless, it is clear that in order to increase the number of persons that collect
waste selectively, awareness on this matter must be increased and a transparency of the local
public system must be promoted so that population understands the cycle of the waste after is
being disposed of and until is being recycled. It is indicated that awareness and informing
campaigns should rely not so much on the importance of selective collection of waste but on
specific information regarding materials that can be recycled and transparency of waste
treatment after is being collected. Since public satisfaction with the implemented system of
selective collection of waste is rather low, actions should be taken in order to improve the
system, mainly regarding facilities consisting in containers for recyclable waste, so that effort
of population is being reduced (Pop et al., 2015c).

It can be estimated that the degree of selective collection of waste at generation rate
will increase in the future considering the fact that the authorities initiated a project in order to
install 100 underground waste collection facilities for population in residential areas with
block of flats (HCL 11/2017). This system will resolve many issues: visual and odour aspects,
it can be used for separate collection of waste on two fractions without being necessary to use
separate bins for the collection of packaging waste that need a lot of space, and restricts
access of the informal recycling sector. The underground system offers a greater visibility of
the sticker that indicates what type of waste should be collected in a certain container, aspect

that can facilitate waste separation together with the novelty of the system itself.
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5.6 Life Cycle Analysis in the evaluation of the waste management system

5.6.1 Life Cycle Analysis in the evaluation of the household waste collection and
transport in Cluj-Napoca

Life Cycle Impact Assessment (LCIA) using CML method — Normalisation, reveals
that the highest impact of the scenarios is on the marine aquatic ecotoxicity followed by
global warming and acidification; the lower impact of all scenarios is identified on Abiotic
depletion and on Ozone layer depletion (Figure 11) (Pop et al., 2016a).

Moreover, the analysis indicates that the most favourable results for almost all impact
categories in the transportation phase (CML method) is given by Scenario 1 that modelled
selective collection and transport of waste on two fractions and a recycling degree of 35% of
the generated waste (Figure 11) (Pop et al., 2016a).
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Figure 11 LCIA of transportation phase of all modelled Scenarios — CML —Normalisation (SimaPro8)
(Pop et al., 2016a).

McDougall et al. (2001) agree that additional trucks involved in waste collection
increase environmental impacts due to vehicle emissions. Moreover, it give solutions for that
matter, such as: (1) using a specially designed truck with multiple compartments — two for
recyclables and one for organic waste, alternative introduced in Worthing, United Kingdom,
or (2) co-mingled collection with one truck but in different colour bags that are afterwards
sorted, alternative used in Omaha, Nebraska (Pop et al., 2016a).

Efficiency in both economic and environmental terms means that waste management
must be performed with the minimal use of transport (McDougall et al., 2001). Therefore, one
of the main measures for environmental impact minimisation can be optimisation of distance

transportation to waste recyclers; local investors should be encouraged by the local
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authorities, so that facilities of waste treatment and recycling would be created (Pop et al.,
2016a).

5.6.2 Evaluation of the municipal waste management system in Cluj-Napoca using the
Life Cycle Analysis

If reffering only to collection and transport processes, the optimal scenario, from the
analysed ones, is Scenario 1, with selective collection on two fractions (Pop et al., 2016a).
However, if analysing the whole waste management process, the study reveals that Scenario
4, the one that includes collection of waste on 5 fractions, a landfilling percentage of 72%,
and a recycling percentage of 28% of the generated waste is the optimal scenario. Scenario 4
has the lowest impact on the analysed environmental factors of the ones taken into
consideration, as seen in Figure 12 and Figure 13.

When referring to impact categories, Figure 12 indicates that the highest impact of
scenarios is on Climate change human health, Particulate matter formation, Climate change
ecosystems and Freshwater eutrophication.

MPL

0 LCA SCENARIO 0 1LCA SCENARIO 1 2 LCA SCENARIO 2 3 LCA SCENARIO 3 4 LCA SCENARIO 4
@ Climate change Human Health @ Ozonedepletion @ Human toxicity @ Photochemical oxidant formation
@ Particulate matter formation @ Ionising radiation @ Climate change Ecosystems W Terrestrial acidification
[0 Freshwater eutrophication [@ Terrestrial ecotoxidty @ Freshwater ecotoxidty [ Marine ecotoxicity

Method: ReCiPe Endpoint (H)V1.12 / Europe ReCiPe H/A / Single score
Comparing product stages;

Figure 12 Life Cycle Impact Assessment of waste management system - scenarios 0, 1, 2, 3and 4 —
ReCiPe Method - Single Score (SimaPro8) (Pop et al., 2016a)
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Figure 13 Life Cycle Impact Assessment of of waste management system - scenarios 0, 1, 3 and 4 —
ReCiPe Endpoint Method - Characterisation (SimaPro8)

The fact that the scenarios with the highest percent of recycling (35%) have the
greatest environmental impact could indicate that the energy used in recycling and transport
have an additional environmental impact. However, it would have been expected that
scenarios with the highest percent of recycling to have the lowest environmental impact.

The results mentioned above lead to the assumption that transport of recyclable
materials to a distance of 340- 570 km has a significant negative environmental impact, fact
that increases the impact of scenarios with high recycling percent.

Similarly, in a study that evaluated waste management in Sorocaba, Brazil, using Life
Cycle Assessment, Mancini et al. (2016) also concluded that transport is responsible for the
highest percentage of the environmental impact (77.9%) followed by the methane emitted by
the landfill (13.2%). However, the study did not assess also the recycling process. Moreover,
in a study on waste management in Piedade, Sao Paulo, Paes et al. (2014) also identified that
transport together with landfill emissions have the highest impact in terms of climate change.
Bovea et al. (2010), in a LCA study performed on waste management in Castellon de la Plana,
Spain, also identified that the fuel consumed in the process has a contribution to the
environmental factors that were analysed.

The impact derived from the transport stage in case of recycling could be the reason
for the fact that the present waste management system from Cluj-Napoca, (with only 6%
recycling to a distance of 340- 570 km and a 94% landfilling described in Scenario 0) has a
lower impact than scenarios with a higher level of recycling. Hence, the present system does
not seem to be the one with the highest environmental impact although the fact that recycling
targets are not accomplished has to be taken into consideration.
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It must be mentioned that although the study aims to identify optimal waste
management solutions for Cluj-Napoca area, there were no data available on the temporary
landfill that was being used. Therefore, a landfill from Ecoinvent database was used to model
the scenarios in SimaPro Software. The landfill used by Cluj-Napoca municipality is
temporary, not ecological, only placed on a concrete platform meanwhile the chosen variant
available in the database has a landfill gas and leachate collection system but it is also for the
untreated municipal waste which was considered the best available alternative.

However, the tree analyses of the scenarios presented in this workindicate that the
landfill process gives the highest percentage of the impact.

Similarly, many LCA studies in waste management identified that landfilling is the
least desirable option from the environmental point of view (Manfredi et al., 2011b, Abeliotis,
2011; Pecora et al., 2012, Laurent et al., 2014b, etc.). However, the study developed by
Manfredi et al., (2011b) by means of LCA — model EASWASTE (Environmental Assessment
of Solid Waste Systems and Technologies), showed that from the point of view of the
environmental performance landfilling with energy recovery of organic waste and recyclable
paper is comparable to organic waste composting and incineration of recyclable paper.

Furthermore, the same aspect is indicated by the comparison between the impact of
recycling and landfill processes. However, in comparison to other studies (Bovea et al., 2010;
Sanchez, 2012; Ghinea et al, 2014, etc.), the present LCIA does not indicate positive impact
of the recycling process.

Recycling is considered to be “the ideal solution for both economic and environmental
principles” and has multiple environmental benefits like energy saving compared to
production from virgin material and conservation of natural resources (Pikon, 2015).
However, Pikon (2015) notes that “recycling processes could also have significant impact on
the power system and finally on the environment”.

However, the results of an LCA study is strongly dependent on local conditions such
as waste composition or specific characteristics related to waste treatment. Although a
previous recent study identified the composition of household waste in Cluj-Napoca, other
characteristics of waste management system were still a challenge (energy used in waste
recycling for each material, characteristics of the landfill, etc.).

In this context, as a European Commission report (2011) on Life Cycle Thinking and
Assessment for Waste Management also observes, Life Cycle Assessment carried out under
different conditions could lead to different conclusions. Moreover, a review study on LCA
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studies of waste management systems performed by Laurent et al. (2014b) also found that

there is little decisive agreement in the conclusions of the 222 studies they analysed

5.7 Economic analysis and the recycling and recovery potential of waste generated in
Cluj-Napoca
The obtained data regarding economic analysis and the recycling and recovery
potential of waste were published by Pop et al. (2016b). The results are prsented in Table 11,
Table 12 and Table 13 (Pop et al., 2016b).

Table 11 Economic analysis of waste treatment — Scenario 1 — recycling 27%, composting 58%,
incinerating 3% and landfilling 12% (Pop et al., 2016b)

Waste Quantity of ~ Composition €/monthly estimated quantity (aveage in 2013
components household of wet (H.C.L. 529/2014)
waste/month-  fractionof  {Recycling  |Composting  |Incinerating | Landfilling
2013 (b) waste potential potential costs (3%o0f  costs (12%
(Local generated in (27% of (58%0f the the total of the total
Council Cluj-Napoca the total total generated generated generated
Decision no. (Popetal., generated waste) waste) waste)
529/2014) 2015c) (%) waste)
Organic 3,322.43 58 - 61,930.16
waste
Paper 458.27 8 38,952.67
Plastic 801.97 14 166,007.10
Glass 171.85 3 4,193.14
Wood 57.28 1 - 1,019.64
Metal 114.57 2 8,913.29 -
Textile 114.57 2 - 2,039.29
WEEE - 0 -
Hazardous - 0 -
waste
Other 687.40 12 - 11,685.80
TOTAL 5,728.33 218,066.19 61,930.16 3,058.93 11,685.80
1218,066.19 176,674.89

Table 12 Economic analysis of waste treatment — Scenario 2 — recycling 25%, composting 45%, and
landfilling 30% (Pop et al., 2016b)

Waste Quantity of Composition of €/monthly estimated quantity (aveage in 2013
components household wet fraction of (H.C.L. 529/2014)
waste/month- waste generated TRecycling |Composting  Landfilling
2013 (t) (Local in Cluj-Napoca  potential (25%of potential costs (30%
Council Decision (estimated the total (45% of the of the total
no. 529/2014) according to the  generated waste)  total generated generated
treating waste) waste)
possibility) (%0)
Organic 2,577.75 45 - 48,049.26
waste
Paper 286.42 5 24,345.42
Plastic 801.97 14 166,007.10
low quality 171.85 3 2,921.45
paper
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Glass 171.85 3 4,193.14

Wood 57.28 1 -

Metal 114.57 2 8,913.29

Textile 114.57 2 - 1,947.63

WEEE - 0 -

Hazardous - 0 -

waste

Other 1,432.08 25 - 24,345.42

TOTAL 5,728.33 203,458.94 48,049.26 29,214.50
1203,458.94 177,263.77

Table 13 Economic analysis of waste treatment — Scenario 3 — recycling 22%, composting 40%,
incinerating 2% and landfilling 36% (Pop et al., 2016b)

Waste Quantity of ~ Composition €/monthly estimated quantity (aveage in 2013 (H.C.L.
components household of wet 529/2014)
waste/month-  fraction of TRecycling | Composting  |Incineratin | Landfilling

2013 (b) waste potential potential gcosts (2%  costs (36%

(Local generated in  (22%of the (40%o0f the of the total of the total

Council Cluj-Napoca total total generated generated generated

Decision no. (estimated generated waste) waste) waste)
529/2014) according to waste)
the treating
possibility)
(%)
Organic 2,291.33 40 - 42,710.45
waste
Paper 229.13 4 19,476.33
Plastic 687.40 12 142.291.80
Low quality 171.85 3 2,921.45
paper
Glass 171.85 3 4,193.14
Wood 57.28 1 -
Metal 114.57 2 8,913.29 -
Textile 114.57 2 - 2,039.29
WEEE - 0 -
Hazardous - 0 -
waste
Other 1,890.35 33 - 32,135.95
TOTAL 5,728.33 174,874.56 42,710.45 2,039.29 35,057.40
1174,874.56 179.807,14

All presented scenarios (Table 11, Table 12 and Table 13) indicate that a proper
waste treatment could be a sustainable activity from the economic point of view even if
additional costs are included; it only has to be performed according to UE regulations so that
environmental requirements are also accomplished. Moreover, if packaging waste is involved,
extra profit is added to the revenue calculated above, through Producer Responsibility
Organizations (Pop et al., 2016Db).

A brief calculation indicates that the cost of landfilling the whole quantity generated in
a month would be 97,381.67 € while the revenue gained from recycling the 27% would be
218,066.19 € (Pop et al., 2016b).
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Therefore, more than the economic benefits, a proper waste management system that
includes recycling, composting, incineration and low degree of landfilling has numerous
advantages such as minimising environmental issues related to improper waste management,
natural resources economy, and avoiding penalties coming from the European Commission

for not accomplishing waste recycling and recovery targets (Pop et al., 2016b).

5.8 Directions for a proper waste management in Cluj-Napoca

After analysing the waste characterisation studies presented above, directions for a
proper waste management system in Cluj-Napoca were identified.

Known by waste management stakeholders, waste characteristics can contribute to
identifying environmental issues that must be improved within the waste management
systems. Hence, the aspects that need serious improvement are mainly related to reduction of
landfilled waste and increasing the recycled amount of waste with the involvement of
population involvement in source separation of waste.

Hence, measures that can be taken in order to improve waste management, to
implement ‘zero waste’ strategies are listed below:

- creating a working group formed by professionals that organize frequent activities to
engage population in performing a correct waste management;

- engaging population in waste separation at source to be considered a separate activity that
is delegated by the municipality to a company specialised in raising awareness campaigns;

- applying economic instruments (different funds or grants) through universities in order to
increase population awareness at local level;

- investing in sorting facilities so that only a low percent of waste should be landfilled,;

- informing the population on the recovery of organic waste through composting at the
generation source in case of population living in residential areas with single family
houses, and supporting them to use this treatment option;

- applying higher taxes for waste landfilling so that waste landfilling decreases;

- implementing a tax for waste generators that do not collect waste separately at the
generation source;

- reusing programmes (old products fairies) organised or facilitated by the municipality;

- increasing the number of campaigns for different waste streams (WEEE, glass, hazardous
waste, bulky waste, etc.) financed by producers or municipality;

- organizing community repairing centres for different products in order to prevent waste

formation;
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increasing the number of underground waste collection facilities for the population living

in block of flats;

- applying the PAYT system for waste generators;

- partnerships between local authorities and universities in order to improve waste
management through research with practical application;

- treatment of organic waste through anaerobic digestion;

- excluding incineration from waste management unless it is co-incineration of a fraction

resulted from waste sorting;
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CONCLUSIONS

Household waste generated in Cluj-Napoca is composed of: organic waste (50.4%),
plastic waste (17.1%), paper/cardboard (10.6%), others (11.7%), glass (5.3%), metals (2.2%),
textiles (1.8%), WEEE (0.3%) and wood (0.6%) (Pop et al., 2015d). The composition
indicates that 50% of the generated waste has a recovery potential through composting or
anaerobic degradation and a percentage higher than 37% can be recycled. However, in
analysing the composition of waste generated in Cluj-Napoca, the influence of the informal

sector must be taken into account (Pop et al., 2015d).

A study performed in 2016 within the doctoral stage determined a waste generation
rate of 318 kg/person-year +76.65 kg/person-year, similar to the one specified in the
documentation of the sanitation service of Cluj-Napoca — 292 kg/person-year, elaborated in

2010; a tendency of increasing the waste generation rate can be observed.

According to the study performed through determinations in the warm season and also
cold season, in 2016, household waste generated in Cluj-Napoca has a relative low average
density of 102.15 kg/m?® £15.63 kg/m®, meaning that household waste is composed of a high
percentage of packaging waste that are bulky but weight less. The low waste density support
the thesis conclusions regarding the increased recycling potential of waste generated in Cluj-

Napoca.

The determined calorific value of 1330 kcal/kg, a relative low value, indicates that
waste generated in Cluj-Napoca cannot be treated through incineration. However, anaerobic
digestion is the recommended treatment option also suggested by the National Waste
Management Plan (2017).

The survey performed by Pop et al. (2015c), applied to 425 persons living in Cluj-
Napoca indicates that population (1) has knowledge regarding separate collection of waste,
(2) is aware of the importance of this action within waste management process and for
environmental protection and (3) considers that a greater involvement degree of the
authorities within the waste management is required. Therefore, directions that can be
followed in order to improve waste management were identified: improving the accessibility
of waste collection infrastructure, increasing the trust in the public waste management system,
and increasing the awareness degree regarding waste separate collection; these measures can

increase the degree of population involvement in waste management.
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The life cycle analysis applied to waste collection and transport highlighted that the
scenario with the highest environmental impact is the one characterised by waste collection on
two separate fractions and transport to recycling of 35% of the generated waste. Moreover, an
additional impact is due to waste transport to recycling, at a distance of 340-470 km, since
there are no recycling facilities near Cluj-Napoca (Pop et al., 2016a). However, the life cycle
analysis applied to the whole waste management process from Cluj-Napoca indicated that
Scenario 4, that implies waste recycling of 25% from the generated waste and separate
collection on 5 fractions, is the best option from the analysed scenarios in terms of

environmental impact.

These results lead to certain measures that need to be adopted in order to improve
waste management in Cluj-Napoca: waste collection on two separate fractions; recycling
should be performed considering the closest facility to the generation point so that the impact
generated by the transport to be minimised; raising the awareness degree on source separation
as the first stage to waste recycling, using a two compartment waste collection facility in
order to reduce the operating costs at the sorting facility; integrating a sorting facility within
waste management process so that a higher percentage of recyclables to be diverted from
landfilling; designing an ecologic landfill that also includes leachate and gas collection;
organic waste composting; increasing the recycling rate to 35% of the generated waste (Pop et
al., 2016a).

An analysis of various scenarios of waste management from the economic point of
view indicated that a proper waste management that also includes recycling, composting and
incineration of a small percentage of waste, not only would have environmental benefits, but
it would also have economic benefits. Therefore, from this point of view measures such as
improving the design of waste collection facilities so that source separation of waste would be
easier for population and integrating a composting and a sorting facility in the waste

management process, should be adopted at the local level (Pop et al., 2016b).

Studies on waste management are very important in Romania since waste sanitation
services are delegated for a period of at least 8 years. In this time interval, the system is rather
rigid, considering the investment required, so it needs to be thoroughly documented in order
to assure correct involvement of all involved stakeholders.

Therefore, in the context of a continuous growth of waste in a developing economy,
the undertakings of the doctoral thesis contribute to integrating the waste management within

the circular economy.

34



Results Dissemination

RESULTS DISSEMINATION

International Conferences and National Conferences with International Participation:

Pop I. N., Baciu C., Bican-Brisan N., 2014, Studii de caracterizare a deseurilor — Suport pentru
sisteme  performante de  gestiune a  deseurilor, oral presentation  (poster),
ConferintaAntreprenoriat, Mediu de afaceri §i dezvoltare durabila, 3-4 iulie 2014, Universitatea
Tehnica, Cluj-Napoca.

Pop I. N., Baciu C., Bican-Brisan N., 2014, Survey of Household Waste Composition in Cluj-
Napoca, Romania. Preliminary Resuts, oral presentation (poster), ELSEDIMA - “Environmental
Legislation, Safety Engineering and Disaster Management” a 10-a Editie, 18-19 septembrie
2014, Cluj-Napoca.

Pop I. N., Baciu C., Briciu C., Tofana V., Bican-Brisan N., 2015, Informal Sector Participation in
Solid Waste Management — Study Case: Cluj-Napoca, Romania,oral presentation (poster),
Conferinta Internationald U.A.B. — B.EN.A. CONFERENCE, "EnvironmentalEngineering
and Sustainable Development', ALBA IULIA, 28-30 Mai, 2015.

Pop I. N.,Baciu C., Rogozan G. C., Bican-Brisan N., 2015, Seasonal Survey of Household Waste
Composition Generated in Cluj-Napoca, Romania, oral presentation (poster),Congresul Mondial
ISWA 2015, Let’s make the most of our resources and waste, din Antwerp, Belgia, 7-9
septembrie 2015.

Pop I. N., Baciu C., Bican-Brisan N., Muntean O. L., CostinD., Rogozan G. C., 2015, Evaluating
Attitudes And Behaviour Towards Separate Collection Of Waste In Cluj-Napoca City, Romania,
oral presentation (poster), 10" National Symposium with International Participation
Environment & Progress,30 Octombrie 2015, Cluj-Napoca.

Pop I. N.,Sanchez de Ramirez G. M.,Baciu C., Bican-Brisan N., Muntean O. L., CostinD., 2016,
Life Cycle Analysis in Evaluation of Household Waste Collection and Transport in Cluj-Napoca,
Romania, oral presentation (poster), ELSEDIMA 11™ International Conference, 26 - 28 MAI
2016, Cluj-Napoca.

Pop I. N.,Baciu C., Bican-Brisan N., Muntean O. L., CostinD., 2016, Recycling and Recovery
Potential of Household Waste Generated in Cluj-Napoca Municipality, Romania, oral
presentation (poster), Congresul Mondial ISWA 2016, Forward Together — Uniting Ideas for
Successful Waste Management, dinNovi Sad, Serbia, 19-21 septembrie 2016.

= Nicodin A., Pop F.,. WilsonD. C., Pop I. N., Soos R.,2016, Analysing the Waste Management
Priorities for the City of Cluj-Napoca, Romania, using the Wasteaware Benchmark Indicators,
oral presentation (poster), Congresul Mondial ISWA 2016, Forward Together — Uniting Ideas for
Successful Waste Management, dinNovi Sad, Serbia, 19-21 septembrie 2016.

= Pop I. N.,Sanchez de Ramirez G. M., Baciu C., Bican-Brisan N., 2017, Evaluation of the
Municipal Waste Management System in Cluj-Napoca (Romania) Using the Life Cycle Analysis,

35



Results Dissemination

oral presentation (poster), International UAB. - B.ENA Conference
Environmental Engineering and Sustainable Development, Alba lulia,25-27 Mai 2017.

Published articles

= Pop I. N, Baciu C., Bican-Brisan N., 2014, Studii de caracterizare a deseurilor — Suport
pentru sisteme performante de gestiune a deseurilor, Volumul Antreprenoriat Mediu de Afacerisi
Dezvoltare Durabila, coord. Vasile Filip Soporan, Ancuta Elena Tiuc, Casa Cartii de Stiinta, Cluj-
Napoca, 2014, p. 25-36.

= Pop I. N, Baciu C., Bican-Brisan N., 2015, ,,Survey of Household Waste Composition
Generatedin Cluj-Napoca, Romania During the Summer Season”, Environmental Engineering
and Management Journal,November 2015, VVol.14, No. 11, 2643-2651.

= Pop I. N., Baciu C., Briciu C., Tofana V., Bican-Brisan N.,2015,Informal Sector Participation
in Solid Waste Management — Study Case: Cluj-Napoca, Romania, ECOTERRA - Journal of
Environmental Research and Protection, 2015, Volume 12, Issue 3, p. 36-41.

= Pop I. N, Baciu C., Rogozan G. C., Bican-BrisanN., 2015: ,,Seasonal Survey of Household
Waste Composition Generated in Cluj-Napoca, Romania” —Volumul de lucrari al Congresului
Mondial ISWA 2015- Let’s make the most out of our resources and waste”, Antwerp, Belgia 7-9
Septembrie 2015.

= Pop I. N,, Baciu C., Bican-Brisan N., Muntean O. L., CostinD., Rogozan G. C., 2015,
Evaluating Attitudes and Behaviour Towards Separate Collection of Waste in Cluj-Napoca City,
Romania, Studia Ambientum,, LX, 1-2, 2015, pp. 87-101.

=  Pop I. N.,Baciu C., Bican-Brisan N., Muntean O. L., CostinD., 2016, Recycling and Recovery
Potential of Household Waste Generated in Cluj-Napoca Municipality, Romania, Proceedings
Volume, Congresul Mondial ISWA 2016, Forward Together — Uniting Ideas for Successful Waste
Management, dinNovi Sad, Serbia, 19-21 septembrie 2016, Editori Stanivljevic N., Fellner J.,
Hossain S., Levis J. W., pp. 2038 — 2053.

= Nicodin A., Pop F., David C. Wilson D. C., Pop I. N.,Reka SoosR., 2016, Analysing the
Waste Management Priorities for the City of Cluj-Napoca, Romania, Using the Wasteaware
Benchmark Indicators, Proceedings Volume, Congresul Mondial ISWA 2016, Forward Together —
Uniting Ideas for Successful Waste Management, dinNovi Sad, Serbia, 19-21 septembrie 2016,
Editori Stanivljevic N., Fellner J., Hossain S., Levis J. W., pp. 1692-1707.

= Pop I. N.,Sanchez de Ramirez G. M.,Baciu C., Bican-Brisan N., Muntean O. L., CostinD.,
2017, Life Cycle Analysis in Evaluation of Household Waste Collection and Transport in Cluj-
Napoca, Romania. AES Bioflux 9(1):17-29 <http://www.aes.bioflux.com.ro/docs/2017.17-29.pdf>.

= Petrescu-Mag R. M., Petrescu D. M., Bican-Brisan N., Pop I. N.,Rosculete E., 2018, Waste:
Judicial Proceedings, Practical Solutions for the Implementation of Waste Management
Infrastructure and Disposal Consumer Habits, Quality — Access to Success, 19(S1), p. 392 — 399.

36


http://www.aes.bioflux.com.ro/docs/2017.17-29.pdf

Selective References

SELECTIVE REFERENCES

Abeliotis K., 2011 Life Cycle Assessment in Municipal Solid Waste Management, Integrated
Waste Management, Volume I, Mr. Sunil Kumar (Ed.), ISBN: 978-953-307-469-6, InTech, Online at:
<http://www.intechopen.com/books/integrated-waste-management-volume-i/life-cycle-assessment-in-
municipalsolid-waste-management>.

Agentia de Protectia Mediului din Marea Britanie (EPA, UK), 2000, A study of the
composition of collected household waste in the United Kingdom withparticular reference to
packaging waste, Environment Agency Technical Report P347, Bristol, Marea Britanie
<http://cdn.environment-agency.gov.uk/strp347-e-e.pdf> [accesat 17 martie 2014].

Agentia Nationala de Protectia Mediului Iasi, http://apmis.anpm.ro/ro/deseuri. [accesat 01
iunie 2016].

Arena, U., Mastellone, M.L., Perugini, F., 2003. The environmental performance of alternative
solid waste management options: a life cycle assessment study. Chem. Eng. J. 96, 207-222.

ARPM Sibiu, 2011, Studiu privind compozitia deseurilor menajere in Regiunea 7 Centru,
Sibiu, <www.gestiunedeseuri.ro> [accesat 5 iulie 2014].

Bibliografie selectiva (rezumat lung)

Bjorklund A., Finnveden G., Roth L., 2010, Application of LCA in Waste Management, In
Christensen T. H., (Eds.), Solid Waste Technology & Management, Chapter 3.2, John Wiley & Sons,
Ltd, Chichester (ISBN 978-1-406-175137-3).

Blengini, G.A., Fantoni, M., Busto, M., Genon, G., Zanetti, M.C., 2012.
Participatoryapproach, acceptability and transparency of waste management LCAs: casestudies of
Torino and Cuneo. Waste Manage. (Oxford) 32, 1712-1721.

Bovea M.D., Ibafiez-Forés V., Gallardo A., Colomer-Mendoza F.J., 2010, Environmental
assessment of alternative municipal solid waste management strategies. A Spanish case study, Waste
Management, 30(11), 2383-2395.

Bryant I. M. , Armah F. A., Pappoe A. N. M. , 2010, Source Specific Quantification and
Characterisation of Silid Waste Along a Sandz Beach in Cape Coast, Ghana, Theoretical and
Empirical Researches in Urban Management, 8 (17), 2010.

Caruth, D., Klee, A.,J., 1969, Analysis of Solid Waste Composition, Statistical Technique to
Determine Sample Size, SW-19ts. U.S. Department of Health, Education and Welfare, Public Health
Service.

Christensen T. H., Simion F., Tonini D., Mgler J., 2010, LCA Modeling of Waste
Management Scenarios, In Christensen T. H., (Eds.), Solid Waste Technology & Management,
Chapter 3.3, John Wiley & Sons, Ltd, Chichester (ISBN 978-1-406-175137-3).

CL Cluj-Napoca, 2009, Consiliul Local al municipiului Cluj-Napoca, HCL 152/23.03.2009
privind aprobarea Caietului de sarcini, Fisei de date a achizitiei si a contractului de concesiune in
vederea delegarii prin concesiune a gestiunii serviciului public de salubrizare menajera din Municipiul
Cluj-Napoca.  <http://www.primariaclujnapoca.ro/userfiles/files/152_2009.PDF>  [accesat 28
decembrie 2013].

CL Cluj-Napoca, 2014, Consiliul Local al municipiului Cluj-Napoca, HCL 529/2014 privind
aprobarea Strategiei locale privind dezvoltarea si functionarea serviciului de salubrizare si de

37


http://www.intechopen.com/books/integrated-waste-management-volume-i/life-cycle-assessment-in-municipalsolid-waste-management
http://www.intechopen.com/books/integrated-waste-management-volume-i/life-cycle-assessment-in-municipalsolid-waste-management
http://cdn.environment-agency.gov.uk/strp347-e-e.pdf
http://apmis.anpm.ro/ro/deseuri
http://www.gestiunedeseuri.ro/
http://www.benjaminbjorklund.com/
http://www.primariaclujnapoca.ro/userfiles/files/152_2009.PDF

Selective References

gestionare a deseurilor la nivelul municipiului Cluj-Napoca
<http://www.primariaclujnapoca.ro/userfiles/files/529(2).PDF> [accesat 25 iunie 2015].

CL Cluj-Napoca, 2017, Consiliul Local al municipiului Cluj-Napoca, HCL 11/22.09.2017
privind aprobarea indicatorilor tehnico-economici la obiectivul de investitii: Amenajare platforme
subterane pentru colectarea deseurilor menajere in municipiul Cluj-Napoca — 100 platforme
<http://www.primariaclujnapoca.ro/userfiles/files/11(38).pdf> [accesat 27 martie 2017].

Cointreau-Levine S., 1994, Private Sector Participation in Municipal Solid Waste Services in
Developing countries, Vol. 1, The Formal Sector, UMP Technical Paper No. 13, ISBN 978-0-8213-
2825-5.

Comisia Europeana (C.E.) — COM 2014 — Comunicarea Comisiei ,,Spre o economie circulara:
un program ,,deseuri zero” pentru Europa” din 2 iulie 2014, - COM (2014) 398 final, <http://eur-
lex.europa.eu/> [accesat 16 martie 2018].

Consiliul Judetean Cluj, 2009, Hotararea nr. 149/4 august 2009 privind aprobarea Master
Planului Proiectului “Sistem de Management Integrat al Deseurilor in Judetul Cluj” si a ,,Listei de
investitii prioritare privind gestionarea deseurilor in judetul Cluj in perioada 2008-2013
<http://www.cjcluj.ro/hotC483rarea-nr-149-4-august-2009/> [accesat 24 februarie 2018].

Criner K. G., Blackmer L. T., 2011, 2011 Maine Residential Waste Charaterisation Study,
School of Economics, The University of Maine.

D Waste, The planning challenge: A road map for waste management planners, ISSN: 2241 —
2484, Online at: http://www.d-waste.com/reports/the-planning-challenge-a-road-map-for-waste-
management-planners2012-08-09-12-50-38_-detail.html, [accesat 22 martie 2016].

Dahlen L., 2008, Colectarea deseurilor menajere generate In gospodarii —Factori si
variatii/Household Waste Collection- Factors and Variations, Lulea University of Technology, Lulea,
Suedia, Department of Civil, Mining and Environmental Engineering, Division of Waste Science and
Technology, teza de doctorat.

Dahlen L., Lagerkvist A., 2008, Methods for household waste composition studies, Waste
Management 28 (2008) 1100-1112.

De Feo G., De Gisi S., 2010, Public opinion and awareness towards MSW and separate
collection programmes: A sociological procedure for selecting areas and citizens with a low level of
knowledge, Waste Management 30, 958-976.

Ecorom Ambalaje, 2013a, Studiu — Determinarea compozitiei deseurilor precum si a
deseurilor de ambalaje generate de gospodiriile populatiei —esantionare, triere §i prelucrarea
rezultatelor obtinute in patru anotimpuri diferite,
<http://www.slideshare.net/responsabilitate_sociala/studiu-analiza-deseuri-menajere-ecorom-
ambalaje> [accesat 25 iunie 2014].

Forouhar A., Hristovski K. D., 2012, Characterization of the municipal solid waste stream in
Kabul, Afghanistan, Habitat International 36 (2012), p. 406-413.

Ghinea C., Petraru M., Simion I.M., Sobariu D., Bressers H., Gavrilescu M., (2014), Life
cycle assessment of waste management and recycled paper systems, Environmental Engineering and
Management Journal, 13, 2073-2085.

38


http://www.primariaclujnapoca.ro/userfiles/files/529(2).PDF
http://www.primariaclujnapoca.ro/userfiles/files/11(38).pdf
http://www.cjcluj.ro/UserUploadedFiles/File/hotariri/august_2009/149_aprobare_Master_Plan_Deseuri.doc
http://www.cjcluj.ro/hotC483rarea-nr-149-4-august-2009/
http://www.d-waste.com/reports/the-planning-challenge-a-road-map-for-waste-management-planners2012-08-09-12-50-38_-detail.html
http://www.d-waste.com/reports/the-planning-challenge-a-road-map-for-waste-management-planners2012-08-09-12-50-38_-detail.html
http://www.slideshare.net/responsabilitate_sociala/studiu-analiza-deseuri-menajere-ecorom-ambalaje
http://www.slideshare.net/responsabilitate_sociala/studiu-analiza-deseuri-menajere-ecorom-ambalaje

Selective References

Gliguta N., Blebea 1., Harangozo M. M., Evaluarea ciclului de viata pentru Managementul
Deseurilor, a X-a Conferinta Nationala multidisciplinara — cu participare internationald "Profesorul
Dorin Pavel" — fondatorul hidroenergeticii romanesti, Sebes, 2010.

Gunsilius E., Chaturvedi B., Scheinberg A., Coad A., Garcia Cortes S., 2011, The Economics
of the Informal Sector in Solid Waste Management, GTZ (German Technical Cooperation), Eschborn,
Germany,<http://www.giz.de/en/downloads/giz2011-cwg-booklet-economicaspects.pdf> [accesat 03
decembrie 2014].

Hauschild M., Barlaz M.A., 2010, LCA in waste management: Introduction to Principle and
Method, In Christensen T. H., (Eds.), Solid Waste Technology & Management, Chapter 3.1, John
Wiley & Sons, Ltd, Chichester (ISBN 978-1-406-175137-3).

Jenseit, W., Stahl, H., Wollny, V., Wittlinger, R., 2003. Recovery Options for PlasticParts
from End-of-Life Vehicles: An Eco-Efficiency Assessment. Institute forApplied Ecology (Oeko-
Institute.V.), Darmstadt, DE.

JICA, 2005, The study on solid waste management in Dhaka city. Clean Dhaka Master Plan,
Final Report, Japan International Cooperation Agency, Pacific Consultants International, Yachiyo
Engineering Co., Ltd.

Klee, A. J,, 1992, PROTOCOL, A Computerized Solid Waste Quantity and Composition
Estimation System, EPA/600/2-91/005A RREL. Cincinnati, OH, February, Project Sumary.

Klee, A. J., Carruth, D., 1970, Sample Weights in Solid Waste Composition Studies, Journal
of the Sanitary Engineering Division, ASCE, Vol. 96, No. SA4, Proc. Paper 4769, August, pp.945-
954,

Kumar K. N., Goel S., 2009, Characterization of Municipal Solid Waste (MSW) and a
proposed management plan for Kharagpur, West Bengal, India, Resources, Conservation and
Recycling 53 (2009) 166-174.

Laurent A., Bakas I., Clavreul J., Bernstad A., Bakas I., Niero M., Gentil E., Christensen T.
H., Hauschild M. Z., 2014b, Review of LCA studies of solid waste management systems — Part II:
Methodological guidance for a better practice, Waste Management 34 (2014) 589-606.

Laurent A., Bakas I., Clavreul J., Bernstad A., Niero M., Gentil E., Hauschild M. Z.,
Christensen T. H., 2014a, Review of LCA studies of solid waste management systems — Part I:
Lessons learned and perspectives, Waste Management 34 (2014) 573-588.

Lopez E., Sanchez M., 2006, Implementarea si aplicarea acquis-ului de mediu cu accent pe
gestiunea deseurilor menajere; Proiect comun romano-spaniol-olandez la ARPM Bacau Pentru
Regiunea 1 Nord-Est/ faza a-l1l-a; Activitatea nr: 4.1-Recomandari privind statiile de sortare a
ambalajelor si de compostare <http://www.twinning-waste-bacau.ro/twinning/focussed-domestic-
waste-management/materiale-documentare-intocmite-suplimentar-fata-de-cele-din-cadrul-
seminariilor/recomandari-statiile-de-sortare-a-ambalajalor-de-compostare> [accesat 18 aprilie 2015].

Mancini S. D., Paes Michel X., Medeiros Gerson A., 2016, Environmental Impact Assessment
of Municipal Solid Waste Management Systems by Life Cycle Assessment, Journal of Solid Waste
Technology & Management, Feb2016, Vol. 42 Issue 1, pp. 921-929.

McDougall F. R., White P. R.Franke M., Hindle P., 2001, Integrated SolidWaste
Management:a Life Cycle Inventory, Second Edition, Blackwell Science, ISBN 0-632-05889-70nline
at: <https://thecitywasteproject.files.wordpress.com/2013/03/integrated-solid-waste-managemen-a-
life-cycle-inventory.pdf>.

39


http://www.giz.de/en/downloads/giz2011-cwg-booklet-economicaspects.pdf
http://www.twinning-waste-bacau.ro/twinning/focussed-domestic-waste-management/materiale-documentare-intocmite-suplimentar-fata-de-cele-din-cadrul-seminariilor/recomandari-statiile-de-sortare-a-ambalajalor-de-compostare
http://www.twinning-waste-bacau.ro/twinning/focussed-domestic-waste-management/materiale-documentare-intocmite-suplimentar-fata-de-cele-din-cadrul-seminariilor/recomandari-statiile-de-sortare-a-ambalajalor-de-compostare
http://www.twinning-waste-bacau.ro/twinning/focussed-domestic-waste-management/materiale-documentare-intocmite-suplimentar-fata-de-cele-din-cadrul-seminariilor/recomandari-statiile-de-sortare-a-ambalajalor-de-compostare
https://thecitywasteproject.files.wordpress.com/2013/03/integrated-solid-waste-managemen-a-life-cycle-inventory.pdf
https://thecitywasteproject.files.wordpress.com/2013/03/integrated-solid-waste-managemen-a-life-cycle-inventory.pdf

Selective References

Michaud, J., Farrant, L., Jan, O., Bakas I., Kjaer B., 2010, Environmental benefits of recycling
— 2010 update, (Final Report), Bio Intelligence Service & Copenhagen Resource Institute.

MidAtlantic Solid Waste Consultants, Cascadia Consulting Group, 2010 Waste Composition
Study, <http://www.bouldercounty.org/doc/rc/boulder.final.wcs2010.pdf> [accesat 28 octombrie
2013].

MM, 2017, Ministerul Mediului, Planul National de gestiune a deseurilor,
<http://www.mmediu.ro/app/webroot/uploads/files/2017-04-27_PNGD_versiunea_1.pdf.pdf> [accesat
28 mai 2017].

MMDD, 2007, Ministerul Mediului si Dezvoltarii Durabile, Asistentda Tehnicd Pentru
Elaborarea Planurilor Regionale De Gestionare A Deseurilor Europe aid /121492/D/SV/RO, Planul
Regional de Gestionare a deseurilor in Regiunea 6 Nord Vest,
<http://www.cjcluj.ro/UserUploadedFiles/File/programe/Regiunea_6.pdf> [accesat 06 octombrie
2013].

MO 86, 2005, Monitorul Oficial nr. 86/25 februarie 2005, Ministerul Mediului si Gospodaririi
Apelor, Ordinulnr. 756/2004 pentru aprobarea Normativului tehnic privind incinerarea deseurilor.

Modak P. R., Nangare P. B., 2011, Quantitative and Qualitative Assessment of Municipal
Solid Waste for Nagpur City, Journal of Engineering Research and Studies, Vol.ll, nr. 2, 2011, pp. 55-
61, E-ISSN 0976-7916.

Nicodin A., Pop F., David C. Wilson D. C., Pop I. N., SoosR., 2016, Analysing the Waste
Management Priorities for the City of Cluj-Napoca, Romania, Using the Wasteaware Benchmark
Indicators, Proceedings Volume, Congresul Mondial ISWA 2016, Forward Together — Uniting Ideas
for Successful Waste Management, din Novi Sad, Serbia, 19-21 septembrie 2016, Editori Stanivljevic
N., Fellner J., Hossain S., Levis J. W., pp. 1692-1707.

Ogwueleka, T., C., 2013, Survey of household waste composition and quantities in Abuja,
Nigeria, Resources, Conservation and Recycling 77 (2013), pp. 52-60, Online Online
<http://dx.doi.org/10.1016/j.resconrec.2013.05.011>.

Omran A., Schiopu A. M., 2015, Reasons for Non-Participation in Recycling of Solid Waste
in Northern Malaysia: a Case Study, Environmental Engineering and Management Journal,January
2015, Vol.14, No. 1, 233-243.

Owamah I. H., Izinyon O. C., Ighinewekan P., 2015, Characterization and Quantification of
Solid Waste Generation in The Niger Delta Region of Nigeria: a Case Study of Ogbe-ljoh Community
in Delta State, Journal of Material Cycles and Waste Management, DOI 10.1007/s10163-015-0426-3.

Paes Michel X,. Gianelli Bruno F., Kulay Luiz A., Medeiros Gerson A., Mancini S. D., 2014,
Life Cycle Assessment Applied to Municipal Solid Waste Management: A Case Study, Environment
and Natural Resources Research, VVol. 4, No. 4; 2014, ISSN 1927-0488 E-ISSN pp. 1927-0496.

Panaitescu C., Bucuroiu R., (2014), Study on the composition of municipal waste in urban
areas of Prahova County, Environmental Engineering andManagement Journal, 13, 1567-1571.

Parfitt, J., Griffiths P., Reid T., 2013, Guidance on the Methodology for Waste Composition
Analysis, For local authorities commissioning waste compositionanalysis of municipal waste, Zero
Waste Schotland,
<http://www.zerowastescotland.org.uk/sites/files/wrap/WCAMethodology _July17_Finalv1%203.pdf>
[accesat 3 ianuarie 2014].

40


http://www.bouldercounty.org/doc/rc/boulder.final.wcs2010.pdf
http://www.mmediu.ro/app/webroot/uploads/files/2017-04-27_PNGD_versiunea_1.pdf.pdf
http://www.cjcluj.ro/UserUploadedFiles/File/programe/Regiunea_6.pdf
http://dx.doi.org/10.1016/j.resconrec.2013.05.011
http://www.zerowastescotland.org.uk/sites/files/wrap/WCAMethodology_July17_Finalv1%203.pdf

Selective References

Pecora, V., Grisoli, R., Cortez, C. L., Moreno, M., Braune, A., Lima, A.,Schott, S. (2012).
Comparing the environmental performance of alternatives for disposal of municipal solid waste with
energy recovery. In Proceedings of Congresso Brasileiro de Gestdo em Ciclo de Vida de Produtos e
Servicos, IIT (pp. 156-160) Maringa, Brazil: State University of Maringa — PR.

Pop I. N., Baciu C., Bican-Brisan N., 2014, Waste characterization studies — support for
performing waste management systems (Studii de caracterizare a deseurilor — Suport pentru sisteme
performante de gestiune a deseurilor), Business Environment and Sustainable Development, 2014
(Antreprenoriat, Mediu de afaceri si dezvoltare durabila), coord. Vasile Filip Soporan, Ancuta Elena
Tiuc, pp. 25-36, Casa Cartii de Stiinta, Cluj-Napoca.

Pop I. N., Baciu C., Bican-Brisan N., 2015a, Survey of Household Waste Composition
Generated in Cluj-Napoca, Romania During the Summer Season, Environmental Engineering and
Management Journal,Noiembrie 2015, VVol.14, No. 11, 2643-2651.

Pop I. N., Baciu C., Bican-Brisan N., Muntean O. L., CostinD., 2016b, Recycling and
Recovery Potential of Household Waste Generated in Cluj-Napoca Municipality, Romania,
Proceedings Volume, Congresul Mondial ISWA 2016, Forward Together — Uniting ldeas for
Successful Waste Management, din Novi Sad, Serbia, 19-21 septembrie 2016, Editori Stanivljevic N.,
Fellner J., Hossain S., Levis J. W., pp. 2038 — 2053.

Pop I. N., Baciu C., Bican-Brisan N., Muntean O. L., CostinD., Rogozan G. C., 2015c,
Evaluating Attitudes and Behaviour Towards Selective Collection of Waste in Cluj-Napoca City,
Romania, Studia Ambientum, , LX, 1-2, 2015, pp. 87-101.

Pop I. N., Baciu C., Briciu C., Tofana V., Bican-Brisan N.,2015b,Informal Sector
Participation in Solid Waste Management — Study Case: Cluj-Napoca, Romania, ECOTERRA -
Journal of Environmental Research and Protection, 2015, Volume 12, Issue 3, p. 36-41.

Pop I. N., Baciu C., Rogozan G. C., Bican-BrisanN., 2015d, Seasonal Survey of Household
Waste Composition Generated in Cluj-Napoca, Romania,Volumul de lucrari al Congresului Mondial
ISWA 2015 Let’s make the most out of our resources and waste”, Antwerp, Belgia 7-9 Septembrie
2015.

Pop I. N.,Sanchez de Ramirez G. M., Baciu C., Bican-Brisan N., Muntean O. L., CostinD.,
2016a, Life Cycle Analysis in Evaluation of Household Waste Collection and Transport in Cluj-
Napoca, Romania, AES Bioflux 9(1):17-29, online at: <http://www.aes.bioflux.com.ro/docs/2017.17-
29.pdf>..

Popita G. E., 2012, Contributii la eficientizarea sistemelor de gestionare a deseurilor menajere
(Studiu de caz: Judetul Cluj), Teza de doctorat.

Popita G. E., Baciu C., Rédey A., , Frunzeti N., Ionescu I., Yuzhakova T., Popovici A.,2017,
Life Cycle Assessment (LCA) of Municipal Solid Waste Management Systems in Cluj County,
Romania, Environmental Engineering and Management Journal 16 (2017), 1, 47-57.

Popita G. E., Frunzeti N., lonescu A., Lazar A. L., 1, Baciu C., Popovici A., Pop C., Faur V.
C., Proorocu M., 2015, Evaluation of carbon dioxide and methane emission from Cluj-Napoca
municipal landfill, Romania, Environmental Engineering and Management Journal 14 (2015), 1389-
1398.

Popita G. E., Popovici A., Hategan R. M., 2011, Developing a municipal urban waste
management integrated system in Cluj County AES Bioflux, 2011, Volume 3, Issue 2.

Rusu, V., 2012, Deseuri municipale — O noud sursa de energie, prezentare orald in cadrul
Conferintei Nationale din Domeniul Standardizarii, Editia a VI-a, Mai putine deseuri, rezultate mai
bune. Eficienta  prin  utilizarea  standardelor, 15 octombrie, 2012, Bucuresti,

41


http://www.aes.bioflux.com.ro/docs/2017.17-29.pdf
http://www.aes.bioflux.com.ro/docs/2017.17-29.pdf

Selective References

<http://www.asro.ro/romana/noutati/2012/Conferinta%?20nationala%20a%20standardizarii/2%20Vale
ntin%20Rusu%20Prezentare%20biomasa.pdf> [accesat 02 noiembrie 2013].

Scheinberg A., Simpson M., Gupt Y., Anschiitz J., Haenen 1., Tasheva E., Hecke J., Soos R.,
Chaturvedi B., Garcia-Cortes S., Gunsilius E., 2010, “Economic Aspects of the Informal Sector in
Solid Waste”, Main Report, GTZ (German Technical Cooperation), Eschborn, Germany
<http://www.giz.de/fachexpertise/downloads/gtz2010-en-Economic-Aspects-WASTE.pdf>  [accesat
04 decembrie 2014].

Sharholy M., Vaishya R. C., Gupta R. D., 2007, Municipal solid waste characteristics and
management in Allahabad, India, Waste Management 27, pp. 490-496,
doi:10.1016/j.wasman.2006.03.001.

Sujauddin M., Huda S.M.S., Rafiqul Hoque A.T.M., 2008, Household solid waste
characteristics and management in Chittagong, Bangladesh, Waste Management 28 (2008) 1688-—
1695.

SWA-Tool Consortium, 2004a, Methodology for the Analysis of Solid Waste (SWA-Tool)
User Version, 5th Framework Program, Vienna,
Austria<http://www.wastesolutions.org/fileadmin/user_upload/wastesolutions/SWA_Tool_User_Versi
on_May 2004.pdf> [accesat 31 octombrie 2013].

SWA-Tool Consortium, 2004b, Development of a Methodological Tool to Enhance the
Precision and Comparability of Solid Waste Analysis Data, Brasov Waste Analysis Final Report
Vienna,
Austria<http://www.wastesolutions.org/fileadmin/user_upload/wastesolutions/SWA_Tool_User_Versi
on_May_2004.pdf> [accesat 21 ianuarie 2014].

Tahraoui D. N., Matejka G., Chambon S., Touil D., 2012, Composition of Municipal Solid
Waste (MSW) generated by the city of Chlef (Algeria), Energy Procedia 18 (2012) 762 — 771.

Tartiu V. E., Petrache A. M., 2009, The Zero Waste System — An Enduring Solution for the
Waste Management in Romania?, ISWA/APESB World Congress 2009,
<http://www.iswa.org/uploads/tx_iswaknowledgebase/wm 2009 1-300.pdf> [accesat 22 noiembrie
2014].

Tascione V., Raggi A., 2012 Identification and Selection of Alternative Scenarios in LCA
Studies of Integrated Waste Management Systems: A Review of Main Issues and Perspectives,
Sustainability,4, 2430-2442; doi: 10.3390/su4102430.

Thitame S. N., Pondhe G. M., Meshram D. C., 2010, Characterisation and composition of
Municipal Solid Waste (MSW) generated in Sangamner City, District Ahmednagar, Maharashtra,
India, Environmental Monitoring and Assesement, (2010) 170:1-5, DOI 10.1007/s10661-009-1209-x.

Townsend T., Byrne A., Carter H., Hodoval K., Sikora S., 2010, Alachua County Waste
Composition Study realizat pentru Departamentul Lucrarilor Publice din Alachua, Florida.

TRI Environmental Consulting Inc., 2011, Metro Vancouver 2011 Solid Waste Composition
Monitoring, 164 p
<http://www.metrovancouver.org/about/publications/Publications/2011_Waste_Composition_Report.
pdf> [accesat 06 octombrie 2013].

Yousuf T. B., Rahman M., 2007, Monitoring Quantity and Characteristics of Municipal Solid

Waste in Dhaka City, Environmental Monitoring and Assessment, 135:3-11, DOI 10.1007/s10661-
007-9710-6.

42


http://www.asro.ro/romana/noutati/2012/Conferinta%20nationala%20a%20standardizarii/2%20Valentin%20Rusu%20Prezentare%20biomasa.pdf
http://www.asro.ro/romana/noutati/2012/Conferinta%20nationala%20a%20standardizarii/2%20Valentin%20Rusu%20Prezentare%20biomasa.pdf
http://www.giz.de/fachexpertise/downloads/gtz2010-en-Economic-Aspects-WASTE.pdf
http://www.wastesolutions.org/fileadmin/user_upload/wastesolutions/SWA_Tool_User_Version_May_2004.pdf
http://www.wastesolutions.org/fileadmin/user_upload/wastesolutions/SWA_Tool_User_Version_May_2004.pdf
http://www.wastesolutions.org/fileadmin/user_upload/wastesolutions/SWA_Tool_User_Version_May_2004.pdf
http://www.wastesolutions.org/fileadmin/user_upload/wastesolutions/SWA_Tool_User_Version_May_2004.pdf
http://www.iswa.org/uploads/tx_iswaknowledgebase/wm_2009_1-300.pdf
http://www.metrovancouver.org/about/publications/Publications/2011_Waste_Composition_Report.pdf
http://www.metrovancouver.org/about/publications/Publications/2011_Waste_Composition_Report.pdf
http://www.springer.com/environment/monitoring+-+environmental+analysis/journal/10661

Selective References

Zurbriigg C., 2016, Municipal waste generation and characterization, Municipal Solid Waste
Management in Developing Countries (Course on Coursera platform — online at:
<https://www.coursera.org/learn/solid-waste-management#>.

43


https://www.coursera.org/learn/solid-waste-management

