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Abstract. Life cycle concept was applied to analyse and assess some municipal solid waste (MSW) management scena-
rios in terms of environmental impacts, particularised for Iasi city, Romania, where approximately 380 kg/cap/yr of waste
are generated. Currently, the management processes include temporary storage, collection, transport and landfilling, but
separate collection, sorting, recycling and composting of solid waste, which should be addressed according to the National
Strategy and European policy for waste. Four different scenarios were elaborated as alternatives to the existing waste ma-
nagement system in lasi, which include both previously applied and current waste management alternatives, as well as
some advanced practices. The effectiveness of the scenarios was evaluated in terms of environmental impacts based on
Life Cycle Analysis, supported by GaBi software. Some environmental impact categories (acidification, eutrophication,
global warming, human toxicity, and photochemical ozone generation potentials, carcinogenic substances, heavy metals,
winter smog, photochemical ozone formation) were estimated based on several impact assessment methods associated to
GaBi software (CML 2001, CML 96, EDIP 2003, EI95). The study emphasises the importance of system boundaries for

the life cycle impact assessment process and consequently — for the optimal waste management alternative.

Keywords: environment, GaBi, life cycle assessment, solid waste, waste management technologies.

1. Introduction

The increase in the amount of solid waste generated in
cities over the time due to a continuous welfare im-
provement and changes in life style requires the applica-
tion of environmental, institutional, financial, economic
and social tools to guarantee a sustainable waste man-
agement (Ghinea, Gavrilescu 2010a; Rathi 2006; Schi-
opu, Gavrilescu 2010a, b).

The earliest and often current trends in waste mana-
gement consider somewhat safe and controlled disposal,
but it has been proven that sometimes this solution led to
contamination of atmosphere, water and soil; instead, an
integrated waste management should involve different
treatment options for all waste streams (McDougall 2005;
Carlig, Macoveanu 2009; Schiopu, Gavrilescu 2010a). In
some countries (e.g. Romania) the continuous growth in
municipal solid waste (MSW) production was not pursued
by the development of modern waste management practi-
ces, while landfilling continues to be an exclusive option
for waste disposal, which can deal with all material in the
solid waste streams (Rada et al. 2010). The need for a mo-
re comprehensive approach in this field has been
acknowledged by strategic waste management documents.
The acquis communautaire in the field of waste manage-
ment includes 16 acts — such as Waste Framework Directi-

ve (WFD 2006), Landfill Directive (EC Council Directive
1999), national strategies and plans for waste management
(NWMS 2004) — which have already been transposed into
national legislation of the Member States, in particular in
Romania. The closure of non-conforming landfills and
setting of a program for construction and operation of
waste management centres are imperative objectives, in
particular in Romania, where recycling sector hit only a
2% rate of recycling from an almost 380 kg of municipal
waste per capita in 2009 (FRD 2011). A relevant example
in this context could be lasi city, Romania, where the col-
lection and transport of municipal solid waste are carried
out under the control and management of local public au-
thorities (Doba et al. 2008; Vinke-de Kruijf er al. 2009).
Solid waste is collected from urban areas only, sanitation
services in the rural area are missing, being present in few
bordering villages alone (Iasi County Council 2009). Until
2006, there were no points for selective collection of muni-
cipal waste from the population in Iasi County (Iasi County
Council 2009), although selective collection represents one
of the key steps in waste recycling and implies storage of
waste in specialised places. Therefore, an emerging global
consensus addressing the development of the best solutions
for improved waste management alternatives set together
in various scenarios, with a reduced environmental impact
becomes more and more effective.
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This results from the increase of the people
awareness vis-a-vis on the waste management and resour-
ce conservation; the better coherence of the regulations in
this area and the constraints and penalties they impose
(BALKWASTE 2010). The selection of the best scenario
involves specific analyses and comparisons, usually ba-
sed on the Life Cycle Assessment (LCA) methodology,
which is a well-known technique for the evaluation of the
environmental load of a product, process, or activity,
addressing all possible environmental impacts “from the
cradle to the grave” (Consonni et al. 2005; Ghinea, Gav-
rilescu 2010b; Liamsanguan, Gheewala 2008; Rigamonti
et al. 2010).

Application of LCA to Integrated Waste Manage-
ment Systems gives rise to many studies published in
recent years, where the environmental aspects and poten-
tial impacts of waste management during the entire life
cycle and for various scenarios are evaluated (Cherubini
et al. 2009; Consonni et al. 2005; de Feo, Malvano 2009;
Ozeler et al. 2006). LCA recommends various system
diagrams, and then, by comparing such system maps of
different options, environmental improvements can be
made (Ghinea, Gavrilescu 2010a, b; McDougall et al.
2001; Morrissey, Browne 2004). One of the most impor-
tant advantages of this approach is that LCA methodolo-
gy allows for the development of specific models for
waste management, which further facilitate the simulation
of various scenarios and the selection of the best combi-
nation of alternatives, from an environmental point of
view.

Up to now, several models based on LCA methodo-
logy were developed and applied for environmental as-
sessment of the treatment and disposal of municipal solid
waste (Banar ef al. 2008; Frioriksson et al. 2002; Ghinea,
Gavrilescu 2010b; Tsilemou, Demetrios Panagiotakopou-
los 2007). Moreover, dedicated software, which can be
used to develop and analyse different plans/scenarios
based on LCA, in particular for solid waste management,
were elaborated. In situations when municipal solid waste
management systems of different communities are cha-
racterised as of rather low level in respect to recycling
and recovery of materials and is limited to only some
activities — such as temporary storage, collection and
transport of mixed waste directly to the landfill site loca-
ted outside the city — these tools allow the result model-
ling and scenario simulation based on Integrated Waste
Management and LCA concepts (McDougall ef al. 2001;
PE International 2009).

This paper reports the main results of research aimed
at comparing four alternative scenarios for municipal
solid waste management in an integrated way, based on
LCA analysis, in order to understand whether manipula-
ting waste ahead of combustion can either increase the
efficiency or reduce the environmental impacts. The four
scenarios specific for lasi city, Romania, are discussed
and evaluated based on their environmental impact, ap-
plying the facilities offered by simulation software
(GaBi4, PE INTERNATIONAL) to establish the mana-
gement alternatives with the lowest impacts on the envi-
ronment and the most suitable for Iasi, and for using the

results in the decision-making process. The importance of
boundaries of solid waste systems is also analysed.

2. Methodology

Life Cycle Assessment (LCA) is an internationally stand-
ardised methodology for environmental assessment,
which is used to evaluate the environmental impact of a
product or system (ISO, 2006a, 2006b). LCA consists of
four major stages: goal and scope definition, inventory
analysis, impact assessment and interpretation (Curan
1996; Ghinea, Gavrilescu 2010b; losip et al. 2010; ISO
2006a, 2006b). This methodology can be used for model-
ling and simulation of waste management scenarios. Eve-
ry stage of life cycle assessment methodology is
supported by GaBi (Ganzheitliche Bilanzierung = holistic
balancing). GaBi software is an instrument, which allows
modelling of complex processes (PE International 2009)
and the application of this software media is effective
under the permission of PE INTERNATIONAL. The
potential environmental impacts are calculated based on
plans, processes, and the inputs and outputs related to the
system (PE International 2009). In this case, the plans or
scenarios represent the actual waste management system
for Iasi and potential improvements. All of the data need-
ed for the life cycle inventory was gathered from the
literature, the database of the software and the municipal
waste services. With GaBi tool, life cycle balances were
elaborated and analysed in specific ways (Buning 2004).

2.1. Description of scenarios and system boundaries

Different waste management scenarios developed for Iasi
city consider the annual amount of solid waste manage-
ment generated in lasi City, as a functional unit. The
composition of MSW in lasi city is given in Table 1.

First, the management scenarios consider the collec-
tion of MSW from residential areas, transport, and diffe-
rent treatment alternatives (recycling, composting,
incineration, landfilling). The system boundaries were
then extended so that the life cycle analyses of scenarios
included the use of landfilling gases and composting
products, as well as the use of auto fuel.

Two groups of scenarios were elaborated and analy-
sed: group A containing scenarios SAl, SA2, SA3 and
SA4, where the system boundaries are limited to the
waste processing (dotted lines in Fig. 1), and group B

Table 1. Composition of municipal waste management in lasi
for 2008 (Ghinea, Gavrilescu 2010c)

Waste fraction Composition (mass-%)

Paper and cardboard 18.00
Glass 9.40
Metals 4.40
Plastics and composites 10.40
Organic waste 40.40
Hazardous waste 1.00
Waste electric and electronic 2.00
equipment

Other (non-bulky) materials 14.40
Total 100
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containing SB1, SB2, SB3, SB4, which include the pro-
cesses from group A, but with extended boundaries to the
other additional activities associated to waste manage-
ment (landfill gases, composting products and auto fuel
uses) (continuous lines in Fig. 1). All scenarios conside-
red the following processes: temporary storage, collection
and transportation, and landfilling of solid waste. Scena-
rio S1 is considered without collection or treatment of
landfill gases and leachate (as it was the situation in Iasi
in 2009) (Doba et al. 2008); the second scenario S2 inc-
lIudes these activities, since a new landfill was established
in Tasi in 2009, according to the provisions of the landfill
Directive (the EC Council Directive 1999).

SB1 D p D TE
i 1
| SA1 i i |
S S B e B e
a)
SB2 D P D TE -
IsA2 | ! =
3 i i LEC -\4‘_
e o B I T e
§ LC T | |
b)
SB3 D P D TE e
‘SA3 """"""""" **_;,_...
! ! oo € o
et e
! LC LT §
| | NF

SB4
| SA4 R

! I S ) =
(< e
‘ L« NF
*PF

Fig. 1. Environmental boundaries for the scenarios from groups
A and B: a) SA1, SB1; b) SA2, SB2; c¢) SA3, SB3; d) SA4, SB4
TS — temporary storage; CT — collection and transport; L —
landfilling; LGC — Landfill gas collection; LC — Leachate col-
lection; E — engine; LT — leachate treatment; MT — mechanical
treatment; C — composting; M — maturing; SA — soil applica-
tion; B — bio-filter; S — sorting; D — diesel; TE — thermal energy
(heat); P — power; e — electricity; R — recycling; NF — nitrogen
fertilizer; NP — phosphorus fertilizer

The differences between SA2 and SB2 are quite si-
gnificant, because SB2 takes into account the emissions
from diesel usage for collection and transport (Rem et al.
2009) and for landfilling of solid waste, as well as the
potential production of electricity and heat from landfill

biogas. Also, the effect of substitution of electricity and
heat obtained from conventional production with electri-
city and heat from landfill biogas is taken into account
(energy saving) (den Boer et al. 2005a; Guillet 2010;
Popescu et al. 2009). The scenarios SA3 and SB3 include
processes for treatment/disposal of waste such as com-
posting and landfilling. Over 40% of the municipal
wastes generated in lasi are represented by organic waste,
so that composting should be included in waste manage-
ment scenarios (Doba et al. 2008; Ghinea, Gavrilescu
2010c; Iasi County Council 2009). Therefore, a compos-
ting plant with 10000 t/year capacity was considered and
the station will probably operate at full capacity until
2018 (Iasi County Council 2009).

Scenario SB3 takes into account diesel emissions,
the substitution of electricity and heat with those produ-
ced from landfill biogas, as well as the substitution of
synthetic soil fertilizers with compost, so that the impacts
associated to the production of synthetic fertilizers are
avoided (den Boer er al. 2005a). Besides temporary sto-
rage, collection and transport, scenario A4 also contains
sorting of the recyclable waste, composting of organic
waste and landfilling of remains.

Although the amount of recyclable waste collected is
very small in comparison to the amount of waste genera-
ted, considerable efforts are made to implement the selec-
tive collection of solid waste by collecting each type of
recyclable waste in different containers and by informing
citizens about selective collection (FRD 2011; Iasi Coun-
ty Council 2009). A good selective collection of recyclab-
le waste at a source is a decisive step for the recycling
process. These recyclables could replace virgin materials
to produce a particular product and to reduce emissions
from the production for paper, plastic from virgin mate-
rials and consumption of natural resources such as wood
(Buning 2004; Ghermec ef al. 2009; Suteu et al. 2009).

2.2. Inventory analysis

The most important part in starting an assessment of
waste management is knowledge of the amounts of waste
generated, and fractions and elemental composition of
waste fractions. The waste amounts that will be generated
in lasi in 2018 were predicted by fraction with Waste
Prognostic Tool (Ghinea, Gavrilescu 2010c). The organic
waste represents the greatest fraction (38.40%) of all
waste that will be generated, closely followed by paper
and cardboard (19.60%), and plastics (11%).

The difference between the waste composition that
will be generated in 2018 and the composition of waste
generated in 2008 is not that big. The same waste fractions
in the same order had the most representative values (Ghi-
nea, Gavrilescu 2010c). The elementary composition for
waste fractions was taken from literature (Buning 2004).

The inputs and outputs for every process of a waste
management system scenario were established and calcu-
lated in inventory analysis.

The necessary data for the evaluation of temporary
storage process include:

— number of containers, which was calculated with

Eq. 1 (den Boer ef al. 2005a):
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NTFU, ;s =

AWHa,»,j’k (])
(WaDe,; 11000) (VoTS, ,  /1000)% CoFr, ; 4 % AVFR;

where: i — waste fraction; k — principal container type;
Jj — sector; NTFU — number of containers used in tempo-
rary storage of solid waste for waste fraction i; AWHa —
amount of waste handled of waste fraction i, (t/year);
WaDe; — density of waste fraction i, (kg/m’); VoTS, Jk—
chosen volume for type of container k for waste fraction /
in sector j, (L); CoFr;;; — frequency of waste fraction
collection, (/year); AvFR, — average filling rate of con-
tainer type, (%);

— annual quantity of material required for container

fabrication (Eq. 2) (den Boer et al. 2005a):

YMCP, =
D NTFU; ;*(1+ EBNS)* CoWe; ; *(100%—RRUC;)  (2)
LiTi; ’

where: YMCP;— annual quantity of necessary material for
containers production from material i (kg/year);

ZNT FU, ; — total containers from material / and type

k, (no); EBNS — extra bins necessary for different opera-
tions, (%); CoWe, ; — container weight for containers of
material i with volume j, (kg); RRUC— Recycling rate of
used containers for material i, (%); LiTi; , — Life Time for
container of material / and type k, (years);

— emissions resulting from manufacturing of mate-
rial required for bins, which was calculated based
on database of Gabi Software.

The necessary data for collection and transport pro-
cesses include: number of vehicles and loading capacity,
transport distance, fuel consumption and emissions from
fuel consumption. lasi municipality has 30 vehicles with
the total loading capacity of 1881 m’ (Doba ez al. 2008).

The fuel consumption is estimated to 30 L/100 km
(den Boer et al. 2005a) and the density of diesel
Pgiesel =0.845 kg/ L (Recycled Organics Unit 2003).

The fuel consumption (L) was converted to an equivalent
weight (kg) value by multiplying the volume by density.
The emissions from fuel consumption are calculated
knowing the emission resulted from burning of 1 kg of
diesel (Recycled Organics Unit 2003).

For landfilling process, the inputs are amounts of
waste fractions landfilled, fuel consumption and outputs —
emissions from fuel consumption, landfill gas and leachate.

The amount of landfill gas can be found knowing
that all waste fractions contribute to the production of
biogas, except for inert fractions. The potential of waste
biogas can be calculated with the equation proposed by
Rettenberger/Tabasaran (Eq. 3), (Buning 2004; den Boer
et al. 2005a):

G, =1.869%C,, *(

0.014*6+0.28) . 3)
If Corg = Cegr, Cyegr =Cip*a, 6=30 Eq.3 be-
comes Eq. 4:

G, =1.869%Cyeq, *(0.014%30+0.28), 4)

where: G, — gas potential, (m’°/t); 0 — temperature in the
landfill, (°C); C,,, — organic Carbon (kg/t); a — degrada-
tion yield, (kg degr C/kg C;,); C;, — carbon input, (kg),
Clegr — degraded carbon (kg)

Once the gas volume was calculated, it had to be
converted into mass weight as the software model could
not handle volumes. The density of mixed gases was
calculated knowing the contents of CO, and CH, in bio-
gas.

The biogas contains other gases so the profile of
1 kg of biogas needs to be more detailed. The trace ele-
ments of biogas were calculated with the help of two
equations for estimation of emission rate of a pollutant
and uncontrolled mass emissions of a pollutant (Eqs 5
and 6) (Buning 2004).

Ccoyo .
oo @) () o
Cenyv 10
where: O, — emission rate of a pollutant i, (m*); QCH, —
methane generation rate (m’); C; — concentration of i in
landfill gas, (ppmv); CCH,., — concentration of CH, in
the landfill gas (55% assumed); CCOy, — concentration

of CO, and other gas in the landfill gas (45% assumed);
10° — conversion from ppmv.

( MW, -1latm
8.205-107-1000-273+T

where: UMi — uncontrolled mass emissions of pollutant 7,
(kg); O; — emission rate of pollutant i (m®); MW, — molec-
ular weight of 7, (g/mol); T — temperature of landfill gas,
(°C); 8.205 ‘105 = constant to convert emissions of i to
kg; 1000 — constant, (g/K); 273 — constant 0 °C, (K);
0.34 =release rate for biogas.

The content of pollutants in the gas flow was estima-
ted according to den Boer ef al. (2005a). The captured
biogas can be used for energy production.

Leachate can be calculated for each waste fraction
separately. Calculations are based on elementary compo-
sition. The effects of each fraction on leachate can be
calculated by using transfer coefficients (Buning 2004;
den Boer ef al. 2005a). Also, important data are represen-
ted by the area of landfill and annual average rainfall R
(here R = 0.6737 m/year).

The necessary landfill area (A in ha) was established
knowing the volume of waste landfilled. The quantity of
leachate can be calculated using Eqgs. 7 and 8:

V=A*R, @)
M=V=*p, )]

where: M — mass of leachate, (kg); V' — volume of leach-
ate, (L); p — density of leachate (kg/L). Leachate density
is assumed to be 1 t/m’ according to the AECOM (2009).

Leachate emissions result in emissions to water and
soil. Such emissions were calculated and estimated.

For composting process, the required inventory data
was calculated using specific literature and software da-
tabases. Diesel is the most common automotive fuel for
equipment used at composting facilities: the total fuel
consumption during composting operations was calcula-

UM, = Q, -

1

)rr, 6)
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ted as 5.53 L per tonne of waste (Recycled Organics Unit
2003). The electricity demand for composting is
10 kWh/t, water demand is 2% of the input mass; also the
wastewater represents 125 L/t input, while 50% of fresh
compost are composed of water (den Boer ef al. 2005a).

Emission factors for the composting process consi-
dered were: emissions to air represented by CO, (95%
from %C emission to air), CHy (3% from % C emission
to air), NH; (96% from % N emission to air) and etc.; and
emission to water represented by NH; (47% from % N
emission to water), carbon organic (100% from % C
emission to water) and etc. (den Boer ef al. 2005a). The
amount of fresh compost obtained from composting pro-
cess represents 72.2% from the quantity of waste com-
posted. Also, the input and output data regarding
maturation of fresh compost and for air purification pro-
cess were established by calculating, estimating and col-
lecting these data from literature. Since application of
compost on soil is associated with positive effects (den
Boer et al. 2005a), substitution of nitrogen and phospho-
rus fertilizers with nitrogen and phosphorus from com-
post was taken into account. The inputs and outputs for
production of nitrogen and phosphorus fertilizers are used
from the database of GaBi software.

The composition of recyclable waste and the con-
sumption of resources used for waste sorting are impor-
tant data for the sorting process. Composition of
separately collected glass, paper and cardboard, plastic,
metals was established based on literature data (den Boer
et al. 2005a). Consumption or resources used for sorting
and pre-cleaning of recyclable materials like glass, plas-
tic, metals are: electricity, 10 kWh/t waste; diesel, 2.4 L/t
waste; lubricants, 0.2 L/t waste. For paper and cardboard
the following values were used: electricity, 5.35 kWh/t
waste; diesel, 0.64 L/t waste; lubricants, 0.01 L/t waste
(den Boer et al. 2005a). The inputs and outputs for recyc-
ling of different recyclable materials were used from
GaBi database.

2.3. Life cycle impact assessment

Impact categories such as abiotic depletion, global warm-
ing, human toxicity, photochemical oxidation, acidification
and eutrophication (and others) can be analysed with GaBi
4. Abiotic depletion describes the reduction of the global
amount of non-renewable natural resources. The natural
resources such as minerals, fossil fuels and others, which
represent non-living substances, are considered to be abiot-
ic resources (den Boer ef al. 2005b; Stranddorf ef al. 2005).
Evaluation of the availability of natural elements is cov-
ered by this impact category. Global warming potential
(GWP) is the effect of increasing temperature in the lower
atmosphere (den Boer ef al. 2005b; Stranddorf et al. 2005).
For a substance to contribute to global warming it must be
a gas at normal temperature, stable in the atmosphere for a
period of a year and to be able to absorb heat radiation
(Hauschild, Potting 2005). Substances that may contribute
to these impact categories are CO,, CH,;, N,O, CFCs,
HCFCs, HFCs, Halons, CCl;, CCI;CH;, CO (den Boer et
al. 2005b; Hauschild, Potting 2005; Stranddorf er al.
2005). Human toxicity is represented by negative effects on

human health of toxic substances (VOC, particles, heavy
metals, POPs, NO,, SO, etc.) emitted to the environment
(den Boer et al. 2005b; Stranddorf et al. 2005). Photo-
chemical oxidation: Ozone is formed in the troposphere
under the influence of sunlight when nitrogen oxides and
hydrocarbons are present. NOx, VOCs including CH, and
CO are the substances that contribute to ozone formation
(den Boer ef al. 2005b). The high concentration of ozone is
registered when there is high concentration of hydrocar-
bon, humidity is low and temperature is high, and air is
relatively static. Acidification: SO,, NO,, HCI and NH;
represent the major acidifying pollutants. These substances
release the hydrogen ions to the environment. The potential
for acidification for the pollutants mentioned above can be
measured by its capacity to form hydrogen ions (den Boer
et al. 2005b; PE International 2009). Eutrophication in-
cludes all potential impacts of excessively high environ-
mental levels of macronutrients (nitrogen and phosphorus).
Both terrestrial and aquatic ecosystems are influenced by
the eutrophication phenomenon (PE International 2009).

3. Results and discussion

Impact evaluation of waste management scenarios,
achieved with GaBi software and based on life cycle
assessment methodology led to results obtained for sever-
al impact assessment methods (such as CML 2001, CML
96, Environmental Development of Industrial Products
(EDIP: EDIP 1997, EDIP 2003), Eco-Indicator 95 (EI95),
Eco-Indicator 99 (EI 99) and etc.) after all of the scenari-
os were analysed. For the two groups of scenarios de-
scribed above, the environmental impacts resulting from
activities like temporary storage (TS), collection and
transport (CT), and treatment of solid waste were com-
pared considering CML 2001 methodology and impact
categories such as: acidification potential (AP), eutrophi-
cation potential (EP), global warming potential (GWP),
human toxicity potential (HTP) and potential of generat-
ing photochemical ozone (POCP). Results with a nega-
tive sign represent the benefits, i.e., positive impacts;
while those with a positive sign represent the negative
impacts on environment. In the impact category, AP for
treatment/elimination methods from scenarios 2, 3 and 4
from group B are registered as positive impacts and nega-
tive impacts for scenarios from group A.

Fig. 2 illustrates the environmental impacts for eut-
rophication potential, where positive environmental im-
pacts for treatment/elimination methods (noted TP) were
observed from scenarios according to the following hie-
rarchy: SB2 > SA2>SB3>SA3>SB4> SA4. Also, it can
be observed that scenarios from group B have more signi-
ficant environmental impacts than those from group A.
Eutrophication includes all impacts resulting from
excessive levels of macronutrients in the environment
caused by emissions of nutrients to air, water and soil.
Most of the processed waste is represented by organic
waste and are recorded as benefits for Scenarios 2 becau-
se by collecting and treating leachate macronutrients are
prevented from entering into the environment. Also, in
case of other scenarios SB3, SA3, SB4 and SA4, positive
impacts are recorded but because of the composting pro-
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cess and application of compost on soil the impacts are
slightly lower than for SB2 and SA2. The impacts of
scenarios from group B are much bigger than impact of
the scenarios from group A. This can be explained by the
fact that scenarios B not only considered processes (sor-
ting, composting, landfilling) but also the substitution of
materials obtained from conventional processes with the
secondary materials obtained from waste processing.

The impacts induced by TP on GWP impact catego-
ry are negative for scenarios SA1-SA4 and SBI, and
positive for SB2-SB4 (Fig. 3). In scenarios that only
considered the processing of waste and not the substitu-
tion of materials, the emissions of greenhouse gases to air
were significant and when the materials obtained from
processing of waste were used to replace materials obtai-
ned from conventional processes, environmental benefits
were recorded. As no secondary materials were obtained
in case of the SB1, this scenario would also have negative
impacts on the environment.

Impacts of scenarios taking into account the impact
category HTP are presented in Fig. 4. The negative im-
pacts on environment for scenario SB1 are higher than for
scenario SA1: SB1>SA1 and for scenarios 2: SA2>SB2.
If SA3 and SA4 have negative impacts, the SB3 and SB4
will have positive impacts regarding the human toxicity
potential. Toxic substances are emitted to the environ-
ment when waste is being processed. For scenarios SB3
and SB4, because of the substitution of materials (com-
post can be used instead of synthetic fertilisers, recycling
materials can be used to obtain new products) the impacts
on environment will be positive.

In Fig. 5, negative impacts are found for scenarios
SA1 and SBI1 and positive impacts for scenarios SB2,
SB3, SB4 compared with SA2, SA3 and SA4. Processing
of solid waste will lead to the emissions of precursors of
tropospheric ozone (nitrogen oxides, VOCs including
CH,, CO) in the atmosphere, therefore negative impacts
for scenarios SA1 SA2, SA3 and SA4 will be recorded.
For scenarios SB2, SB3, SB4 because of the substitution
of materials the impacts will be positive.

Collection and transport of solid waste have negative
impacts on environment for all scenarios from both
groups analysed, for all impact categories evaluated
(Figs 2-5). Also, the temporary storage process generates
negative impacts on environment, but much lower than
the impacts resulting from waste collection and transport.
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Fig. 2. Environmental impacts of scenarios from the two groups
(A and B) for eutrophication potential
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Fig. 3. Environmental impacts of scenarios from groups A and
B for global warming potential
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Fig. 5. Environmental impacts for photochemical ozone crea-
tion potential

Scenarios from group B can be considered to be
much closer to reality and are evaluated taking into ac-
count CML 96, EI95, EDIP 2003 methodologies. Scena-
rios SB2, SB3 and SB4 will have positive impacts for
almost all categories of impacts, while SB4 are the only
scenario which induces the most frequent positive im-
pacts than others (Fig. 6). According to the results of
modelling of scenarios with CML 96 methodology, SB1
are considered to be less favourable for applica-
tion/implementation from environmental point of view.
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Fig. 6. Environmental impacts of scenarios from group
B — CML 96 methodology

The results for EI95 methodology are expressed in
indicators such as: levels of carcinogenic substances,
heavy metals and winter smog. Scenarios SB3 and SB4
are the most convenient in terms of the impact they have
on these indicators (Fig. 7).

According to the EDIP 2003 methodology for acidi-
fication, aquatic eutrophication, global warming and pho-
tochemical ozone formation — impact on vegetation
(POF-VI), the impacts have positive values for scenarios
SB2-SB4, decreasing in the order SB2> SB4 = SB3 for
acidification potential, SB2>SB3>SB4 for aquatic eutro-
phication, SB4>SB2>SB3 for global warming potential
and POF-VI. Scenario SB1 will have negative impacts
over all indicator categories presented in Fig. 8.
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Fig. 8. Environmental impacts of scenarios from group
B — EDIP 2003 methodology

Defining the system boundaries has a major influen-
ce on the results of life cycle assessment studies. Studies
of scenarios with different boundaries will help the deci-
sion makers to choose the most suitable waste manage-
ment system for a city from the environmental point of
view. Analysis of the same scenario with varied bounda-
ries may have different impacts on the environment.

4. Conclusions

In this study, some waste management alternatives were
investigated from the environmental point of view, based
on LCA analysis. The paper analyses two groups of waste
management scenarios in terms of environmental im-
pacts: scenarios from group A with limited boundaries,
which include only the specific processes involved in
waste management, and systems from group B with
slightly larger boundaries. The limits chosen are very
important because the results regarding the impacts on
environment and also the system that can be selected for
implementation are influenced by the boundaries.

The study applied to waste management in lasi city,
Romania. It analysed both the existing system until 2009,
the current system and also the potential scenarios with
improvements to the existing system of waste manage-
ment, in order to highlight how it might evolve or deve-
lop in the future, with minimum negative environmental
impacts.

Further studies will analyse other processes that
could be included in solid waste management system
processes such as anaerobic digestion or incineration.
Since this study examined environmental impacts alone,
it will be sustained by the economic and social effects of
solid waste management, as decision-making tools.
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APLINKOSAUGINIS ATLIEKU TVARKYMO SCENARIJU I[VERTINIMAS - RIBU REIKSMINGUMAS

C. Ghinea, M. Petraru, H. Th. A. Bressers, M. Gavrilescu

Santrauka

Analizuojant ir vertinant komunaliniy atlieky tvarkymo scenarijus buvo pritaikyta bavio ciklo koncepcija atsizvelgiant
daroma poveikj aplinkai, remiantis Jasai miesto, Rumunijoje, atveju. Siame mieste susidaro apytiksliai 380 kg/zmogui/
metus atlieky. Siuo metu atlieky tvarkymo procesa sudaro laikinos laikymo vietos, surinkimas, transportavimas ir de-
ponavimas savartyne, bet pagal Nacionaling strategija ir Europos atliecky politika atlickos turi buti rtsiuojamos,
perdirbamos ir kompostuojamos. Tod¢l buvo detaliau iSanalizuoti keturi skirtingi scenarijai kaip alternatyvos esamai at-
lieky tvarkymo sistemai Jasai mieste, jtraukiant pries tai taikytas ir §iuo metu taikomas atlieky tvarkymo alternatyvas, taip
pat pazangesnes praktikas. Scenarijy efektyvumas buvo vertinamas analizuojant aplinkosaugos aspektus remiantis bvio
ciklo analize ir taikant GaBi programing iranga. Kai kurios poveikio aplinkai kategorijos (rligstinimas, eutrofikacija, glo-
balus atSilimas, Zmoniy apsinuodijimas, fotocheminis ozono susidarymo potencialas, kancerogeninés medziagos, sunkieji
metalai, ziemos smogas, fotocheminis ozono formavimasis) buvo vertinamos remiantis keletu poveikio jvertinimo
aspekty, esan¢iy GaBi programoje (CML 2001, CML 96, EDIP 2003, EI95). Atlikta studija pabrézia sistemos riby svarba,
vykdant poveikio vertinima, taikant baivio ciklo procesa ir parenkant optimalig atlieky tvarkymo alternatyva.

ReikSminiai zodziai: aplinka, GaBi, biivio ciklo vertinimas, kietosios atliekos, atlieky tvarkymo technologijos.

MNPUPOJOOXPAHHAS OLHEHKA CHEHAPUEB I1IO OBPABOTKE OTXO10B — 3HAYUMOCTDb I'PAHULL

K. 'unsi, M. letpapy, I'. T. A. Bpeccepc, M. I'aBpusecky

Pesome

[Ipwn ananm3e ¥ oLeHKe cIieHapHeB 110 00paboTke KOMMYHATBHBIX OTXOJOB C YUETOM X BIIMSHUS Ha OKPYXKAIOIIYIO CPEILy
B ropoje Slcaii B PympiHuM, rae npuOnu3utenbHo ckarivBaeTcs 380 Kr/den./ roJ 0TXOAOB, MPUMEHSIACh KOHIETIUS
LMKJIA CYLIECTBOBaHMs. B Hacrosee Bpems B mpolecc Mo 00paboTke OTX0/10B BOBJIEKAIOTCS BPEMEHHbIE MECTA XpaHe-
HYs, cOOp, TPAHCIIOPTUPOBKA U JIETIOHMPOBAHNE OTXOA0B Ha cBaike. OJHaKO Ha OCHOBaHWMM HalmoHanbsHOU cTpaTernu u
EBpomneiickoit MoMuTHKY, Kacaroleicsl 0TX0JI0B, OHH JIOJDKHBI COPTUPOBATHCS, MepepadaThIBaThCS U KOMIIOCTHPOBATHCSL.
B cBs13u ¢ 9THM A€TaTBEHO MPOAHAIM3MPOBAHbI YETHIPE Pa3HBIX CIEHApHs B KaYEeCTBE albTEPHATUB CYIIECTBYIONIEH B ro-
poze flcaii cucreme 00pabOTKHM OTXOJIOB C UCIIOIBE30BaHIEM MIPUMEHSBIINXCS paHee M IPUMEHSIEMBIX B HACTOSIIIEE BPEMSI
anbTepHATUB M0 00paboTKE OTXOJ0B, a TAKXKE MPOTPECCHBHBIX MPAKTUK. D(P(PEKTUBHOCTH CIICHAPUEB OILIEHMBATIACH HA
OCHOBaHUM aHAJIM3a MPUPOLOOXPAHHBIX ACTIEKTOB KACATENLHO aHAIM3a IUKJIA CYIIECTBOBAHMS U C NMPUMEHEHHEM IIPO-
rpamMHoro o6opynoBanus GaBi. HekoTtopelie kareropuu BIMsSHHUS Ha OKPYXKAIOUIYIO cpely (OKHCIEHUE, dyTpouKaius,
rino6ansHOE MOTEMJIEHUE, OTPABICHUE MIOAeH, (POTOXUMUYECKUI MOTEHIMAT 00pa30BaHus 030HA, KAHIIEPOTEHHEIE BEllle-
CTBa, TsDKEJbIE METAIJIBI, 3UMHHUI cMOT, poToXMMHUUYECcKoe (PoOpMUpPOBAaHKUE 030HA) OLICHUBAINCH Ha OCHOBAHWUHM HECKOJIb-
KHX acrleKTOB BIMSHUS, UMerommxcs B nporpamme GaBi (CML 2001, CML 96, EDIP 2003, EI95). [IpoBeneHHsbIi aHamm3
MOAYEPKUBACT BOXKHOCTH TPAHUI] CHCTEMBI NPY OLICHKE BIUSIHUS M IPUMEHEHHUH Tpoliecca IUKIIa CyIeCTBOBAHMS, a TaK-

KE HOI[60pC OIITUMAJIBHBIX aJIbTCPHATHUB 06pa60TKV[ O0TXO0/JI0B.

KunroueBble ciioBa: OKpYyxKarouias cpeaa, GaBi, OLICHKA LUKJIa CYIIECTBOBaHUA, TBCPABIC OTXOAbI, TEXHOJIOTUH 06pa60T-

KM OTXOJI0B.
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