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Abstract. Refuse derived fuel (RDF) derived from municipalics waste (MSW) is an issue of essential constitara
for the sustainable management of the waste-toggrencept. The policy of waste management in Bidga based
on the implementation of leading technologies faiste utilization. In the framework of the recenbgamme period
2014-2020 of the European Union, an installation rfeechanical and biological treatment of municipalid waste
(MSW) have to be constructed in Sofia, which piatiproduct is RDF. Within the same period an itegtian for RDF

derived energy utilization must be implementedhat district heating company "Toplofikacia Sofia EAhere an
electricity and heat cogeneration technology issaered. The present work, aims at obtaining tHeiefcy of

cogeneration in contrast to the conditions of eleity and heat separate production. Thus, the leiggrgy efficiency
criterion AF > 10%) was determined, which justifies the chaitthe cogeneration technology instead of productib
heat only. At present, Toplofikacia Sofia EAD usesinly natural gas and fuel diversification is reqd. The
implementation of an installation for RDF utilizati ensures the fuel diversification for a reasomai@riod of time,
according to the estimated potential of RDF impletagon for energy production.
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1. Introduction policy [1, 2]. Measures were undertaken concerning
Last decades, the society worldwide is facingthe landfill gas (LFG) recovery, and the first
social and economic problems, which greatlyinstallation for LFG utilization with electricity
influence the population’s quality of life in terrn§  production is in operation [19, 20].
the continuously increasing power demand, the In 2014 starts the construction of the first plant
dependence on energy imports and limited primarjor mechanical and biological treatment of munitipa
fuel resources as well as the economic crises. Thigaste matter in Sofia, Bulgaria [1, 4]. The main
implies the necessity of implementing activities issues are the production of RDF and its further
assuring the energy efficiency, part of which is th utilization in the energy sector. The RDF is an
development of intelligent waste managementalternative local energy supply fuel considerecas
policy [1-5]. renewable energy resource, because most of it is
The RDF has a considerable potential as fueplanned to be produced from biologically degra-
resource because it is typically produced bydable refuse. Currently, a project for electriatyd
shredding, dehydrating and if necessary biologicaheat cogeneration through RDF utilization is being
treatment of the combustible components of MSWimplemented at Toplofikacia Sofia EAD. The
[5]. The quality and the applicability limits oféh installation is described in [21], revealing theaific
RDF strongly depend on the choice of wasteproject parameters for its implementation at the
converting technology [6-9] and the MSW largest district heating plant in the region. Sdwag
composition [10-12]. Different aspects of the waste advantages of this project [21] are: the opporyunit
to-energy concept have been widely studied withinffor RDF production in the region of Sofia city, the
the last decades. Nowadays, these technologies aagsured consumption of the generated electricity
significantly developed, modernized and diversifiedand heat during the whole year and the fact that th
considering the available feedstock, the origin’'swaste treatment plant, and Toplofikacia Sofia EAD
restrictions and the regulation policy controlliig  are in possession of Sofia Municipality. This i th
choice of appropriate processing technology [13{irst attempt for diversification of the primarydh
16]. The RDF is typically used for electricity, hea supply for district heating in the country and the
or mechanical energy generation often applied aenergy efficiency has to be estimated.
cogeneration process. It is greatly valued for its The goal of this study is to estimate the
primary energy savings, and its potential forefficiency of the installation for electricity arfgbat
reducing the carbon emissions from stationarycogeneration through RDF utilization [21]. For that
combustion systems according to the EU Emissionpurpose, several key parameters were investigated,
Trading System (EU ETS) [17, 18]. considering the characteristics of the RDF installa
Since Bulgaria joined the European Union,tion chosen for implementation at Toplofikacia
numerous activities have been issued concerning th@ofia EAD as described in [21]. The energy
cohesion of waste treatment and waste managemesfficiency and the primary energy savings through
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the RDF utilization is considered. The resultswhere

determined significant primary energy savings in Egoss — gross annual electricity production
terms of the originally used fuel (natural gas). (156 GWh),

Qeombined — gross useful heat demand, annually
2. Methods produced in cogeneration conditions (442

The energy efficiency and the primary energy GWwh),
savings from RDF utilization were obtained B;— rate of RDF utilization for the same period of

applying the methodologies described in Annex Il time in tones, reduced with the amount of fuel
of the Directive of the EU on the energy efficiency used for producing the useful heat demand in
[22] and the Ordinance of the Ministry of economy non-cogeneration conditions (180,000 t/year),

and energy of Bulgaria [23]. For that purpose, the of _ net calorific value or LHV of the RDF for
operating parameters of the installation preseimed the same period of time (13 GJ/t)

[21] were ~considered. = Details about the . ‘nnerof the used fuels, in this particular
implemented and applied mathematical approach .
are provided further in the text case it was equal to 1. - -
' Thus, the total energy efficiency of electricity
and heat cogeneration was estimated about 92 %.
The prognostic value of the RDF consumption
rate in terms of coal equivalent was obtained about
70 g/kWh, which is a bit higher than the reported
alue using only natural gas [24]. It was observed,

3. Resultsand discussion
3.1. Gross heat production from RDF utilization

The gross annual heat production was
estimated considering basic operation conditions o

Toplofikacia Sofia EAD according to [21]. The that the difference is due to the choice of the

plant's availability considered in [21] is : o
8,000 hl/year at an expected rate of RDF productio&?\ppmpnme methodology for estimating the fuel

. ) istribution for electricity and heat production.
(B) is 180,000 tyear or 22.5 t/h and the estimatedy..dingly, the fuel consumption rate for heat

low heat value (LHV) of the RDFC@r) is 13 GJ/t, production was obtained about 85 kg/MWh of coal
because it is found to vary between 12 - 14 MJ/kg€quivalent, whereas the same parameter is reported
The gross annual heat production from RDFas 132 kg/MWh [24]. Therefore, the primary energy
utilization can be calculated through the equation ~savings had to be estimated.

Q=B . (1)  3.3.Primary energy savings
_ _ Toplofikacia Sofia EAD is one of the largest
The gross heat productiorQ) was obtained gijstrict heating companies in Eastern Europe. The
about 650 GWhlyear. _ _ electricity is usually produced in combination with
Often the LHV of a fuel is expressed in termshe heat, where only the domestic hot water
of coal equivalent as a reference unit for thegeneration is in continuous regime. In 2012, the
evaluation of different energy carriers. Accordingl iant reported [24] an annual consumption of
a kilogra_Lm of coa_l eq_uivalent corresponds to 7,00Q, 4t ral gas about 7.5x40Im/year and gross heat
kilocalories. Considering the fact that 7,000 k@ 1oqction about 6,952 GWh. Transformed in terms
about 29.3 MJ or 8.141 kWh, the net calorific value ¢ 1ong of coal equivalent, the annual fuel consump
or LHV of a ton of coal equivalent is 29.3 GJ/. 4o is 854x18 tlyear [25]. Thus, the mean annual

Thus, the annual consumption of RDF atgjecricity generation is about 800 GWh [24].
Toplofikacia Sofia EAD in terms of tons of coal The present study aims at investigating the

equivalent was obtained about 80,000 tiyear. possibility for fuel diversification through the

. implementation of the installation for RDF
3.2. Total energy efficiency L utilization [21]. For that purpose, the total ambun
The total energy efficiency of electricity and o gjectricity production from RDF utilization was
heat cogeneratiomfy.) of the installation for RDF  agtimated. The calculations are based on the above
utilization suggested in [21] was expressed throughyescrived annual fuel consumption of 854%10
equation (2). This approach was adopted from [23]: year of coal equivalent and the amount of RDF,

_ Egrosst Qcombined expected to be delivered to the plant, equal to
Ntotal = n : (2) 80 tyear of coal equivalent, which is about 9.4%6
> B the total annual fuel consumption [24]. The
i=1 expected gross annual production of electricityrfro
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RDF is 156 GWh or 146 GWh as net, at mean21], which justifies the choice of the complex
electricity utilization of the plant about 800 GWh cogeneration technology in comparison to the case
per year. This indicates that at least 18 % of theof heat generation only. It is worth noticing, that
electricity can be produced from RDF. parallel to the installations operating with
Highly efficient cogeneration is assumed, if at conventional fuel, the RDF installations typically
least 10 % of the primary energy savings areoperate at significantly lower parameters, in terms
determined in comparison with the references forof pre-heated steam. The lower efficiency of
separate production of electricity and heat [22, 23 electricity generation is then compensated by the
In this particular investigation, the primary increased boiler's exploitation cycle due to
energy savingsAF) was estimated for the case of significantly reduced rate of high temperature
electricity and heat cogeneration through RDFcorrosion.
utilization at Toplofikacia Sofia EAD. The The district heating company in question
calculations were carried out in compliance with th operates mainly with natural gas. Currently, more
methodology described in the Annex Il of thethan 85% of the natural gas in the country is

Directive 2012/27#C and the Ordinanc®/1-16- imported, which requires urgent measures for fuel
267 [22 and 23]. The parametdF was obtained diversification. The RDF is an appropriate
through the equation: alternative and its utilization is expected to deti

about 10 % of the annually produced heat and about
18 % of the annual electricity production at

1 Toplofikacia Sofia EAD. This allows the
AF = 1_—r] (100, (3) installation for RDF utilization to operate at lasi
MNe _1a load of 8000 h/year. Moreover, during the summer
NRe MNRq term only the RDF installation should be in use,
where ensuring hot water for nearly 2/3 of the population
ne — electricity efficiency coefficient of the In Sofia city.

cogeneration production. It is usually obtained ~ The results of this investigation confirmed that
as the ratio between the annual electricityth® chosen type of the installation for electriatd

produced on cogeneration and the fuel input'€at cogeneration through RDF utilization is
used to produce the sum of useful heat outF,uiaLpproprlfate for Toplofikacia Sofia EAD. The major

and electricity from cogeneration (23.97 %), benefit of this measure is the opportunity for fuel
Nre — efficiency reference value for Separ(,itediversification, offering a sustainable solutionthe

electricity production (24.00 %), MSW utilization problem for a reasonable period of

ng — heat efficiency of the cogeneration process:“me at the capital city of Bulgaria.

which is the ratio of the annual useful heat
output divided by the fuel input used to produce
the sum of useful heat output and electricity
from cogeneration, (68.09 %),

Nrq — efficiency reference value for separate hea
production (80.00 %).
Thus, the total energy effi_ciency of electricity Refer ences

and heat Cerneratlo.n was estimated about 9.2 %. 1. Operational programme “Environment 2007-2013" (OPE)
The results obtained through the equation (3) cciNo: 2007BG161P0005

showed considerable primary energy savings (www.ope.moew.government.bg/en)

(AF = 45.94 %). Thus, the production of electricity 2- Operational programme “Environment 2014-2020" (OPE)

iom : in process (www.ope.moew.government.bg/en)
and heat through RDF utilization at the ConSIdereds. Strategy for intelligent, sustainable and joinedogth,

installation complies with the preliminary defined = gyropean Commission, Europe 2020, Brusses03.2013
requirements of the European Union [22] assuring (http://ec.europa.eu/archives/growthandjobs_20G&puh

satisfactory economy of primary energy resource. plet_en.pdf)

4. National Waste Management Programme 2009-2013

. (www.moew.government.bg)
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Acknowledgments

The authors express their deep gratitude to the
colleagues at Sofia Municipality and Toplofikacia
§ofia EAD for their kind assistance, fruitful
discussions and data disposal.

104



RECENT, Vol. 15, no. 2(42), July, 2014

053X, Vol. 33, p. 2607-2622

6. Kalyani, K.A., Pandey, K.K. (2014)/aste to energy status
in India: A short review Renewable and Sustainable
Energy Reviews, ISSN 1364-0321, Vol. 31, p.113-120

7. Sharifah, A.S.A.K., Yin, Ch.-Y., Sulaiman, M.R.hé&h, X.,
El-Harbawi, M. (2013)Incineration of municipal solid
waste in Malaysia: Salient issues, policies and esgt
energy initiatives Renewable and Sustainable Energy
Reviews, ISSN 1364-0321, Vol. 24, p.181-186

8. Velis, C.A, Longhurst, P.J., Drew, G.H, Smith, Rallard,
S.J.T. (2010)Production and Quality Assurance of Solid
Recovered Fuels Using Mechanical-Biological Treatme
(MBT) of Waste: A Comprehensive Assessment
Environmental Science and Technology, ISSN 156%170
Vol. 40, issue 12, p. 979-1105

9. Viscomi, V.B. (1976)Feasibility study for burning refuse-
derived fuel in the district of Columbia by Potonsectric
power company Resource Recovery and Conservation,

ISSN: 0921-3449, Vol. 1, no, . 217-224

10. European Commission, Directorate General Enmieont,
Refuse derived fuel, current practice gmefspectivegB4-
3040/2000/306517/MAR/E3) Final report
(http://ec.europa.eu/environment/waste/studies/gidhdr)
Sarc, R., Lorberg, K.E. (201®roduction, quality and
quality assurance of refuse derived fuels (RDF&pste
Management, ISSN 0956-053X, vol. 33, p. 1825-1834
Krueger, B., Mrotzek, A., Wirtz, S. (2018gparation of
harmful impurities from refuse derived fuels (ROH) a
fluidized bed Waste Management ISSN 0956-053X, Vol.
34, p. 390-401
Chiemchaisri, Ch., Charnnok, B., Visvanathan, 281Q)
Recovery of plastic wastes from dumpsite as refeseeti
fuel and its utilization in small gasification sgst
Bioresource Technology, ISSN 0960-8524, Vol. 101, p.
1522-1527

Ravelli, S., Perdichizzi, A., Barigozzi, G. (2008
Description, application and numerical modelling of
bubbling fluidized bed combustion in waste-to-energy
plants Progress in Energy and Combustion Science, ISSN
0360-1285, Vol. 34, p. 224-253
Ahn, S.Y., Eom S.-Y., Rhie, Y.H., Sung, Y.M.pbh C.E,,
Choi, G.M., Kim, D.J. (2013}7pplication of refuse fuels in
direct carbon fuel cell systenEnergy, ISSN 0360-5442,
Vol. 51, p. 447-456 (doi.org/10.1016/j.energy.20P2025)
Chen, W.-Sh., Lin, Ch.-W., Chang, F.-Ch., Lee;JWWu,
J.-L. (2012) Utilization of spent activated carbon to
enhance the combustion efficiency of organic sludge
derived fuel Bioresource Technology, ISSN 0960-8524,
Vol. 113, p. 73-77
17. The EU Emissions Trading Systenfvailable at
www.ec.europa.eu/clima/policies/ets/index_en.htm
Belgiorno, V., De Feo, G., Della Rocca, C., NafRIM.A.
(2003) Energy from gasification of solid waste¥/aste
Management, ISSN 0956-053X, Vol. 23, p. 1-15
Ganev, |., Naydenova, I., Dimitrov, B. (20T1¢velopment
and implementation of the first system for effitienergy
utilization of landfill gas in Bulgarialn Scientific report
“Cleaner combustion” of the"® Annual Meeting of the
COST Action CMO0901, “Detailed Chemical Kinetic
Models for Cleaner Combustion”, Eds. M. Abian and M.U
Alzueta, ISBN 978-84-615-3064-9, p. 226-229, Sarsgos
Spain
Ganev, |., Naydenova, I. (201R)eliminary assessment of
the greenhouse gas emissions during capturing kmihd
the landfill gasses from the solid waste landfiils

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

Bulgaria. 34" International Symposium of the Combustion
Institute, Poster-WIP143, 28 July - 3 August 2042ld in
Warsaw, Poland

Holm, N.Ch., Lasse, T., Tsenova, Ts., Petrov(2013)
Construction of cogeneration installation in SofidlwRDF
utilization. Proceedings of the XVIII National Scientific
Conference FPEMP 2013, Ed. Bonev Boncho, Vol. 1, p.
115-125, 15 - 18 September 2013, Sozopol, Bulgaria,
Publishing House of TU-Sofia
Directive 2012/27/EU of the European Parliament afd
the Council (25 October 2012) on energy efficiency,
amending Directives 2009/125/EC and 2010/30/EU and
repealing Directives 2004/8/EC and 2006/32/EC
(http://eur-lex.europa.eu/legal-content/EN/TXT/PRui=
CELEX:02012L0027-20130701&rid=2)

Ordinance P/-16-267/19.05.2008, last promulgation
30 June 2013, of the Ministry of economy and enéogy
guantitaitve determination of the electricity, prmed in
cogeneration of heat and electricityhttp://lex.bg/bg/
laws_stoyan/ldoc/2135585188)

Financial Report of Toplofikacia Sofia EAD 2012
(http://toplo.bg/data/ufiles/files/finansi%200tcH# 20201 2.
pdf)

Information about Bulgartransgaz EAD natural gas
transmission network and services offered, in acaoceé
with Chapter 3 of Annex» 1 to Regulation (ECWWe
715/2009 (www.bulgartransgaz.bg/en/pages/transperancy-
18.html)

Received in April 2014

105



