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This paper presents an analysis of the current and future situation in terms of waste management in Vâlcea
County, Romania. Two alternatives for waste landfilling are presented: co-incineration in cement kilns and
incineration in a proposed incineration plant. A bio-drying facility is also suggested as an option for residual
municipal solid waste pre-treatment before energy recovery. Results regarding population, waste evolution,
quantities of generated residual municipal waste and solid recovered fuel are presented. Estimations of
lower heating values were performed through indirect methods. Finally, preliminary energy and economical
balances were established.
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Table 1
VÂLCEA COUNTY: POPULATION AND MSW

Fig. 1 Composition of MSW – present situation

On the 1st of January 2007 Romania became a member
of the European Union [1]. This recently obtained status
involves both rights and obligations derived from the EU
treaties and legislations.

In terms of waste management, Landfill Directive 99/
31/CE implies major changes, requesting the diversion of
biodegradable waste from landfilling with 50% by 2017
[2]. This way, the implementation of selective collection
(SC), of materials recycling and waste-to-energy (WtE)
technologies is needed. The purpose is to minimize as
much as possible the harmful effects on the environment
(air, surface water, groundwater, soil) and on human health.

In light of the above this paper presents a  study for
Vâlcea County, regarding the current and future situation
of waste management. The energetic and economical
balances are developed considering the EU waste
management targets.

Results and discussions
Materials and methods

Vâlcea County is one of the 41 counties, having 2
municipalities, 9 towns and 78 communes, and is located
in the south of Romania. The population in this county is
about 406,752 inhabitants producing about 149,200 t  of
municipal solid waste (MSW) per year. Presently,
approximately 85% of produced MSW is landfilled [3].

Table 1 shows the values regarding population and MSW
generated for the present (year 2013) and future (year 2017)
situations [3].SC is implemented in some parts of the
county, achieving about 10%. The waste SC is low (about
4%) for the materials with high calorific value (LHV) and
only a little part of the food waste (about 15%) is collected
in order  to  be  treated  in  a pilot composting plant [2].

Figure 1 displays the composition of MSW in Vâlcea
County. These data are consistent with the MSW
composition generated in Romania, where the organic
fraction varies between 40 and 50% [2,4-6].

The actual capacity of treating biodegradable fraction
and the lack of recycling facilities leads to failure in
achieving the targets imposed through European and local
legislation. However, the municipality started to implement
an Integrated MSW System (ISWMS) in order to comply

with the 2017 targets [3]. The SC targets, that must be
achieved, are presented in table 2.

Based on the ultimate analysis of each fraction of the
generated waste [7-10], an estimation of LHV using indirect
methods was performed. In the scientific literature, there
can be found several expressions used for its calculation
[7,11]:
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where:
LHV [kJ/kg], C - carbon content (wt%), H - hydrogen

content (wt%), O - oxygen content (wt%), S -sulfur content
(wt%), W - moisture content (%), pn - waste fractions (%),
hn - calorific value of waste fraction.

In the present paper two sustainable scenarios are
developed for RMSW treatment considering the present
and future MSW situation.

In both cases, a bio-drying facility for the RMSW
treatment with the possibility of producing solid recovered
fuel (SRF) in concordance with CEN/TS 15359, is proposed
[12-14]. SRF has advantages both from environmental and
economic point of views, for example: improvement of
environmental performances concerning CO2 emissions

(1)

(3)

(2)

(4)

Table 2
SC TARGETS

Table 3
CHARACTERISTICS OF

TRENTO INCINERATION
PLANT

Table 4
RMSW COMPOSITION

Table 5
SRF, SRF_LIKE QUANTITIES

Table 6
SRF CLASS

and the possibility to use as substitute fuel in the existing
plants.

For the present situation, only the bio-drying treatment
and storage or co-combustion in a cement plant of the
obtained products was taken into account [15,16].

For the future situation, the WtE through incineration for
energy purposes was considered for the bio-dried material
and also for the SRF [17-21], as follows:

- SRF co-incineration in rotary kilns for cement
production;

- SRF incineration with energy recovery (thermal and
electric energy).

In order to propose an incineration plant for Vâlcea
County, the data from the one that will be constructed in
Trento were used [22]. The SC in Trentino region arrives to
65%. In table 3, the principal operating parameters of the
Trento incinerator plant are presented.

In table 4 the quantities of RMSW generated in Vâlcea
County for years 2013 respectively 2017 are displayed.

Based on the obtained RMSW characteristics, the LHV
was estimated using equation (4) for the current and near
future situations. The LHV of the bio-dried matter and SRF
were estimated using a bio-chemical model [12,23,24].
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Fig. 2 Lower heating value
increas1
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Table 7
TECHNICAL CHARACTERISTICS OF THE PROPOSED

INCINERATION PLANT FOR VÂLCEA COUNTY

Table 8
ENERGY PRODUCED BY THE INCINERATION PLANT  IN 2017

Table 9
 BIO-DRYING FACILITY INVESTMENT

AND OPERATING COSTS

In table 5 data regarding the MSW, RMSW, SC efficiency,
are presented [14, 25]. The bio-dried material (BD), and
the RMSW were considered as SRF-like products. The
quantities of SRF-like and SRF were determined taking in
account the mass loss during the bio-drying process and
the not-combustible fraction extracted from the BD [12].

In figure 2 the LHV of all products (MSW, RMSW, BD,
SRF) for the present and future situation is reported.

In table 6 the obtained class for the SRF and SRF
products, and also the indication for their utilization are
reported [25].

Taking into account the obtained results, a bio-drying
facility proposed for the case-study will produce about of
50,000 t/y of SRF. The proposed incineration plant will have
the technical characteristics exposed in table 7,
determined in accordance with the present and future
waste generation.

The proposed incineration plant will have two lines (for
guaranteeing flexibility to the operations) equipped with
moving grate incineration installations.

The quantities of energies recovered through
incineration, in form of heat and electricity, for the future
situation are presented in table 8 [26,27].

The initial investments, necessary for the construction
of the proposed bio-drying facility, and for the incineration
plant are presented in tables 9 and 10 [2,28]. The economic
figures were estimated based on the current market prices
and must be considered as a first approximation.

The preliminary economical balances were determined
taking into account the actual market prices in Vâlcea
County. The return of investment for the bio-drying facility
was calculated depending on the quantity of RMSW
diverted from landfilling and its cost. The return of
investment for the incineration plant was determined
considering the amount of recovered energies and their
local value per unit. Also, in the case of produced electric
energy, the number of green certificates awarded (GC)
and their price were taken in account. The main results
are presented in table 11.

The advantages of bio-drying coupled with a cement
factory are the low initial investment and the valorisation

of existing industrial plants. The advantages of a dedicated
combustion plant are:  independence from a third party
and the possibility to keep direct control on profit.

The use of bio-drying before incineration is not usual as
it is an additional cost. The SC of the county can help to
increase the LHV of the RMSW in order to limit the choices
between SRF production for cement factory and direct
incineration of RMSW. That means table 11 should be
modified in order to point out that bio-drying with SRF
generation can be coupled  with an incinerator but additional
costs for the fee to be paid to a cement factory must be
considered.

2
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Table 10
INITIAL INVESTMENT, OPERATION
AND MAINTENANCE COSTS FOR
THE PROPOSED INCINERATION

PLANT

Table 11
ECONOMICAL BALANCE
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Conclusions
This paper presents a case study of Vâlcea County,

regarding the present and future situation of waste
management. In order to comply with the European
legislation, especially Directive 99/31/CE regarding waste
landfilling, the municipality is implementing an ‘ISWMS in
Vâlcea County ’. The aim is to minimize as much as
possible the quantity of MSW that is landfilled and
encourage SC, material recycling, waste-to-energy
technologies and waste treatment before disposal through
landfill. If the assumed targets are achieved it will mean
that major progress was made in terms of waste
management in the county.

Because the RMSW has high moisture content a bio-
drying process before thermal treatment was considered.
This helps to reach the targets regarding the landfilled
biodegradable waste, the recyclable material and energy
recovery.

Due to the bio-drying process, the LHV of the waste will
greatly improve making it suitable for co-incineration in
cement kilns, or for incineration with recovery of energy
(thermal and electric). This second option can be managed
without bio-drying if SC  develops according to the targets.

Besides the clear environmental advantages, there are
potential financial benefits also.

 Nevertheless, it is hard to say that waste bio-drying and
thermal treatment are, in our case, the most beneficial
solution, even though it is an attractive one. This fact has to
be established following a more complex environmental
and financial analysis.
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