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ABSTRACT

In Romania the impact of waste on the environmeastincreased at an alarming rate
during the past decades also because of an inageapamagement of the generated
waste. One of the thermal options that can bédttsrsituation is based on the concept
of municipal solid waste bio-drying pre-treatmentarder to open to a group of
solutions alternative to direct combustion for gyarecovery. This paper presents the
results of energy balances based on the averagactdiastics of the Romanian
municipal solid waste. Interesting results could digtained exploiting existing
industrial plants that could partially substitutengentional fuels by refuse derived
fuel. One of the problem of this strategy is théeptial generation of residues to be
landfilled when a high quality fuel must be genedatThe lower heating value
obtainable by bio-drying and simplified post-treatihcan overcome 15 MJ/kg while
an additional post-treatment can allow reachingeshigher than 20 MJ/kg.
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INTRODUCTION

In Romania, as well as in other countries, the thp&waste on the environment has
increased at an alarming rate during the past a6sydhe inappropriate management
of this problem has caused soil, subsoil and graater contamination, fugitive
emissions of methane and toxic gases, with direpact on the public health.

da .
LT iwwemrem

AUTONON Universidad
de Occidentt _del Valle




Il CONFERENCIA INTERNACIONAL

‘Gestion de Residuos en América Latina, GRAL 2011’

From the energetic point of view, municipal solidste (MSW) is equal to a fossil
fuel because it contents oxidable material (esfigaarbon and hydrogen) which
can free energy quantified as calorific power. Tngergy can be utilized

for heat and/or electricity generation.

Energy from waste is an alternative source antssasecure energy supply because
the waste generation is a steady by-product of inuana industrial activities and can
have a positive impact on climate changes becasisg this option the overall
greenhouse gas emissions are reduced and the tollszhémissions from waste
disposed in landfill can be avoided.

Romania is recently entered into the EU (Janudr2007), thus it must re-organize
its municipal solid waste sector taking into acddte EU principles regarding MSW
prevention and reuse/recycling before final dispoBeesently in Romania most of
the MSW is collected as is. In most of the case3AMS disposed of in landfills
without pre-treatment. However, some experiencgarting the selective collection
of sellable materials are implemented in some <itié Romania and also sanitary
landfills are under construction. There is no WasieEnergy plant for MSW in
Romania in spite of the need of electricity gerieratOne of the reasons is related to
the characteristics of MSW: the calorific valueafien not suitable for a direct
combustion because of the high moisture. Thereadrgh number of cement works
and thermal power plants potentially availabledorcombustion. In spite of that, the
sector of refuse derived fuel (RDF) co-combust®nat yet fully developed.

The regulation frame in Romania is in a fast evoht driving to a substantial

modification to the present waste management sysigtim important consequences
at local level for land planning. With the Govermitad Decree 162/2002 (landfilling

of biodegradable waste) it was pointed out the s@beof reducing the quantity of

biodegradable waste disposed of. The target is ligathe year 2013 the annual
amount of biodegradable waste that will be laneffilmust decrease down to 2.4
million tons, representing 50% of the total amopmdduced in 1995. Also by the

year 2013 recovery rates of useful materials froaste packaging are set (for
recycling or incineration with energy recovery):.9%60or paper or cardboard, 22.5%
for plastics, 60% for glass, 50% for metals and I6€4vood.

For these reasons, in this paper some scenari@sosasidered for recovering energy
from MSW, keeping in account the best availabldtetogies and considering the
bio-drying process utilized after a grinding praces

METHODS
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The Romanian MSW (Figure 1) has been considereduitatble for direct
combustion as the percentage of organic factigdharwaste represents about 50%
(Apostol et al., 2010) thus its Lower Heating Va(uélV) can be low.
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Figure 1. Romanian MSW composition

The production of MSW in Romania is growing, beafmput 300 kg inf year with
a significant increase expected in the next decade.

Bio-drying is a short-time process of aerobic bingersion, applied mainly to MSW
as is and to MSW residual of selective collectibime aim of this process is the
exploitation of the exothermic reactions for theaeration of the highest part of the
moisture in the waste with the lowest conversioorgfnic carbon. No water
addition is required (and must be avoided).

Bio-dried material is the product obtained aftex-trying process and which can be
used to obtain RDF (Refuse Derived Fuel) aftertiseparation (incombustible
materials separation). An additional refining stage increase the quality of the
obtainable RDF, named RDF of high quality (RDF_IQJt can also generate a
secondary stream of wasted material to be landfille

Taking into account the MSW situation and the Euth@ples, the following MSW
treatment scenarios are proposed in this paperder @ have energy recovery form
MSW:

» Bio-drying and combustion on grate / fluid bed €&h Power Cycle

» Bio-drying + RDF / RDF_Q + Co-combustion in TherrRalwer Plant

» Bio-drying +RDF / RDF_Q + gasification+ turbo-gastegrated system

The calorific value of MSW, bio-dried material, R¥rd RDF_Q were calculated
taking into account a biochemical model (Rada gt28107). In particular the model
reconstructs the composition of the bio-dried walsteugh a process balance taking
into account the mass, the biochemical reactioogtsbmetry and the available
energy, resulting at the end a determined mathealagystem that has as input the
guantity of water, carbon, hydrogen, oxygen andogén contained in the initial
mass of MSW and as output the amount of water,ocarhydrogen, oxygen and
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nitrogen consumed/removed during the bio-dryingess.

For the mass balance it was taken into accouthalpre-treatments before and after
the bio-drying process and also all the combinatioininert separation (with or
without a pelletization units, that is a device adiiio improve the characteristics of
homogeneity of the generated RDF).

For calculating the mass balance (Rada, 20053h&oequipments utilized for mass
loss the following hypotheses were made:

the bio-drying efficiency is supposed 25% as mass;|

the magnetization recovery is supposed 3% of theWhsass in input;
the magnetic induction recovery is supposed 3%;

the glass recovery is supposed 8%;

the other inert separation is supposed 5%;

internal consumption of bio-drying is supposed 5%;

the screening treatment separation is supposed 10%;

energy process loss is supposed 5%;

energy loss due to RDF production is supposed 10%.

VVVVYVYVVVYY

For pre-treatment specific consumption for eachipggant utilized the following

hypotheses have been made (Rada, 2005):

> there are three types of grinding (with shears irshiaft, mono-shaft, bi-shaft)
and the consumption goes from 7 to 15 kWh/t. Ferddlculations it was utilized
a value of 11 kWhft;

» avalue for bio-drying is 50 kWhtt;

> there are two different types of magnets: permament electromagnet, with
consumption from 0.2+0.4 to 0.6+1 kWh/t. For thécakations it was utilized an
electromagnet for middle/high flows with a middlensumption of 0.3 kWh/t;

» for the separation with an induced magnetizationisitutilized one with
consumption from 0.7-1.2 kWh/t and it was assunwdtlie calculations 0.95
kWht;

» the consumption for the equipment for glass aneroihert separation is from
1+3 kWh/t, and for the calculations it was assurdédVh/t;

» the consumption for the equipment for densifyingwasumed 20 kWh/t;

» the consumption for the screening equipment wasnasg 1 kWh/t.

The conversion efficiency value (net values) usedte development of the research
was considered similar with the ones propose@drsonni et al., 2002 and 2008; Arena
et al ., 2005, De Stefanis 1999)

combustion on grate : 20%

combustion on fluid bed : 21%

gasification+ turbo-gas : 30%

co-combustion in Thermal Power Plant : 32%

gasification+ integrated system : 47%
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RESULTSAND DISCUSSI ON

The electric energy for the systems in kW}hénd in kWh#sw and total net generated for each
scenario were calculated starting from electriagyefficiency and using calorific values from the
mass balance and values of total energetic consumijorr all the stages.

The pre-treatments increase the calorific valugef‘fuel” but also reduce its mass, therefore the
quantity of MSW that could be sent to Waste to Gpgalants is reduced.

The loss of weight due the varied phases of thega®of pre-treatments have been estimated in
function of the elementary analysis of the waste fhass reduction is mainly owed to the bio-drying
process (25% of overall mass loss, with 33kpusw consumed as result of the biochemical process)
that decreases the water content and also toghsrtents of recovery of iron, glass and other inact
material. In our case the mass balance pointa significant decrease of the stream to be theymall
treated:

» MSW to RDF: 58% as output

» MSW to RDF_Q : 43% as output

Taking into account the hypotheses presented atesudts :

» a consumption of 11 kWHhj&y for the pre-treatment of the MSW as is, due elytite the
grinding stage;

» a consumption of 76 kW for obtaining the bio-dried material (slight difémces could
depend on the patented process adopted);

» aconsumption of 79.5 kWk#w and respectively 91.3 kWh4w for obtaining the RDF and the
RDF_Q.

For the calculation of the calorific value it wagbthesized that the energy content of MSW as is
(100% of the mass) is concentrated in the mas®afdd waste sent to combustion. Subsequently a
5% loss of bio-drying process has been considarddaother 10% loss for the RDF production
process. In Table 1 the LHV resulting from bio-chesmhmodel before and after bio-drying process of
these scenarios are presented.

Table 1. LHV for the MSW as is, bio-dried mateaald RDF

Scenarios LHV [kJ/kg]
MSW as is 8,621
Bio-dried 11,273
RDF 15,394
RDF-Q 21,026

The calorific value for Romanian MSW has been adbaisd for the proposed scenarios about 8
MJ/kgusw (Rada et al.,2010) but its value could be lowethasexisting literature is controversial. The
MSW (Figure 1) refers to the composition of wasterf a big Romanian city. Of course this
composition is different for rural areas were tleecentage of organic fraction is bigger than 50%.

The increase of LHV for the MSW to bio-dried ma&¢and to RDF (obtained from the bio-dried
material without inert, glass and metals) and RDFks §gnificant. However the quantity of produced
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electric energy is tightly correlated to the cdiorvalue of the components of the MSW used and to
the efficiency of conversion in electric energytloé considered scenarios (Tables 2 and 3).

Table 2. Net energy in gasification options

Energy production
. . Net energy
Electric energy production generated
kJ/ kgn | kKWh/ kgtreated waste| KWh/ kg treated MSW kWh/ kg treated MSW
Gasification + Turbo-gas plant (30% conversion efficiency)
RDF 15,394 1.10 0.61 0.53
RDF_Q 21,026 1.50 0.61 0.52
Gasification + Integrated system (47% conversion efficiency
RDF 15,394 1.72 0.96 0.88
RDF_Q 21,026 2.96 0.96 0.87
Table 3. Net energy in combustion options
Energy production
. . Net energy
Electric energy production generated
kJ/ kgn | kwh/ kgtreated waste| kwh/ kg treated MSW kwh/ kg treated MSW
Combustion on grate (20% conversion efficiency)
Bio-dried | 11,494 | 0.61 | 045 | 0.38
Combustion on fluid bed (21% conversion efficiency)
RDF 15,394 0.77 0.43 0.35
RDF_Q 21,026 1.05 0.43 0.34
Co-combustion in thermal power plant (32% conversion efficiency)

RDF 15,394 1.17 0.66 0.58
RDF_Q 21,026 1.60 0.66 0.56

From the analysis of the results, the Integrateste3y represents the technology most effective in
function of physical characteristics of the wasitenks to the elevated efficiency guaranteed by the
combination of a turbo-gas plant integrated wiieam power cycle, but the use of a hybrid fuel as
“syngas + methane”, in such plant, it is an optiohyet applied in real scale. Also in the casthef
Integrated Systems, as hybrid fuel is used “RDleal"c

A very satisfactory result is gotten by the co-castn in thermal power plant that has reached some
notable productions in all the analyzed cases anthé Romanian MSW represents the better solution
after the Integrated System option.

CONCLUSIONS

For the optimization of energy balance it is impattto plan the waste management in order to avoid
densification (generally used in order to facibt#te transportation): that means that it is ingurto
have a local production and consumption of RDF. Meal and inert removal does not cost a lot of
energy; however it is important to verify if a matkor the selected material exists.

The incineration of the MSW as is, also thankstsadiffusion, represents a valid technology, omly i
the case of a high efficiency of selected collettio
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Gasification results a technology particularly effee if the derived fuel (syngas) is sent intowabio-
gas or in Integrated Systems that could give véagh blectric energy productions.

The use of hybrid fuels, sent in thermal power fdafor the production of electric energy (co-
combustion in central thermal power plants or Irtégfd Systems), results particularly effective.
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