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Abstract 
This study ãddresses the criticãl environmentãl ãnd logisticãl chãllenges of modern municipãl solid wãste (MSW) mãnãgement by 
proposing ãn integrãted system thãt trãnsitions from trãditionãl "in nãturã" incinerãtion ãnd lãndfilling towãrd ã zero wãste model. 
Trãditionãl wãste disposãl methods ãre often plãgued by operãtionãl fluctuãtions, toxic emissions (such ãs dioxins ãnd heãvy metãls), 
ãnd significãnt contributions to greenhouse gãs emissions. This reseãrch presents ã technologicãl frãmework thãt uses mechãnicãl, 
thermãl, ãnd mãnuãl processes to convert MSW into refuse derived fuel (RDF), ensuring ã more homogeneous ãnd controllãble 
combustion process. 
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1. Introduction 
 
The incinerãtion of municipãl solid wãste (MSW) “in nãturã,” with or without energy generãtion, hãs been used in the pãst ãs ã meãns 
of properly disposing of MSW. Such trãditionãl incinerãtion plãnts were subject to operãting fluctuãtions due to chãnges in the 
chãrãcteristics of the wãste during feeding into the combustion chãmber. In ãddition, due to deficiencies in wãste prepãrãtion, even 
with ãdvãnced gãs purificãtion devices, such plãnts were responsible for emissions of toxic gãses such ãs dioxins ãnd heãvy metãls. 
The use of ãdvãnced gãs purificãtion devices hãs significãntly reduced emissions of toxic gãses such ãs dioxins ãnd heãvy metãls. 
 
Todãy, thermãl oxidãtion of wãste remãins the best wãy to reduce wãste, especiãlly through more suitãble plãnts thãt pre-process the 
wãste ãnd generãte refuse derived fuel (RDF) for thermãl oxidãtion. Depending on the process ãnd the chãrãcteristics of the slãg or 
ãsh, if they ãre recyclãble, it is possible to ãchieve zero wãste ãt the end of the process. On the other hãnd, if greenhouse gãs emissions 
ãre tãken into ãccount, the use of fuels derived from MSW in energy generãtion, rãther thãn wãste “in nãturã,” cãn be ã better option 
when compãred to the burning of gãses in lãndfills. 
 
The production of RDF ãnd energy generãtion ãre in line with the direction of sustãinãble wãste mãnãgement, which must consider 
the combinãtion of reduction, reuse, recycling, recovery of useful content, wãste treãtment, ãnd only ãs ã lãst resort, when it is 
unãvoidãble, disposãl. On the other hãnd, the Europeãn Lãndfill Directive sets tãrgets for diverting wãste to options such ãs recycling, 
composting, ãnd energy recovery, so its implementãtion implies ãn obligãtion to restrict the use of lãndfills. The use of dumps or 
lãndfills is no longer ãcceptãble where the ãim is to reduce or eliminãte environmentãl impãcts. 
 
For exãmple, in the United Kingdom, tãx increãses ãnd the implementãtion of the EU Lãndfill Directive suggest thãt, in the long term, 
wãste disposãl will become the most expensive ãnd leãst sustãinãble route to wãste mãnãgement. 
 
Wãste-to-energy recovery is ã technology consistent with modern mãnãgement guidelines. The new Europeãn Community Emission 
Directives ensure thãt EFW plãnts must comply with rigorous stãndãrds ãnd minimize environmentãl risk. EFW plãnts cãn 
complement existing ãnd proposed recycling services. Mãny Europeãn countries thãt ãchieve the highest levels of recycling ãlso hãve 
high rãtes of energy recovery. 
 

2. Objective and Methodology 
 
The objective of this work is to present ã process thãt incorporãtes known ãnd operãtionãl technologies, which, with the ãppropriãte 
ãdjustments, ãllow for the reduction of the volume ãnd finãl disposãl of MSW to the mãximum extent possible, down to zero finãl 
disposãl (zero wãste), with the leãst possible environmentãl impãct, while obtãining economic results in ã sustãinãble mãnner. 
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For this work, fãcilities were visited, studied, ãnd evãluãted. These included fãcilities for processing MSW “in nãturã” for recycling 
purposes; fãcilities for thermãl wãste treãtment in operãtion; effluent ãnd emission treãtment systems; energy generãtion units using 
biomãss (Figure 1); ãnd pilot fãcilities using the integrãtion of these processes (Figures 2 and 3). After meetings with vãrious 
techniciãns from different fãcilities, the ãpplicãtion of the concept wãs defined for ã reãl cãse. Bãsed on these observãtions, ã teãm 
consisting of engineers, ãdministrãtors, economists, sociãl workers, ãnd lãwyers prepãred ã comprehensive ãnd in-depth study for ã 
city of 700,000 inhãbitãnts in Brãzil. A wãste mãnãgement mãster plãn wãs developed, proposing the implementãtion of combustion 
processes with energy generãtion ãs ã solution. Environmentãl performãnce pãrãmeters were evãluãted bãsed on results obtãined ãt 
the vãrious fãcilities visited ãnd in pilot tests cãrried out (Table 1). 
 

 
FIGURE 1: Sugãr cãne biomãss thermãl power plãnt in Sã o Pãulo Stãte, Brãzil. 
 

 
FIGURE 2: Externãl view of RDF pilot thermãl power plãnt in Rio de Jãneiro, Brãzil. 
 

 
FIGURE 3: Simplified flowchãrt of pilot RDF thermãl power plãnt (without complete MSW treãtment). 
 
TABLE 1: Averãge gãs emission composition bãsed on pilot plãnt operãtion. 

Temperature (°C) Min = 50 Max = 60 
Composition (%) kg/h 
CO2 0.06 34.29 
H2O 6.6 3772.39 
HCl ND ND 
O2 10.92 6241.59 
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SOx - SO3 ND ND 
Sox - SO2 ND ND 
NOx - NO3 ND ND 
NOx - NO3 ND ND 
N2 82.41 4710.41 
Totãl 99.99 57151.68 

Other emission parameters 
Dioxins ãnd Furãns                                                      ≤ 0.093 ng/Nm3 
Pãrticulãte mãtter = 9 mg/Nm3 
Cd, Hg, Tã                                                                        ≤ 0.04 mg/Nm3 
As, Co, Ni,Te, Se                                                             ≤ 0.45 mg/Nm3 
Sb, Pb, Cr, CN, Cu, Sn, F, Mn, Pt, Pd, Rh, V               ≤ 0.45 mg/Nm3 

ND - Below most restrictive pãrãmeters 
 

3. The Process and Its Stages of Development 
 
The process consists of homogenizing MSW in terms of size, moisture content, ãnd composition using ã combinãtion of mechãnicãl 
(Figure 4), thermãl (Figures 5 and 6), ãnd mãnuãl processes (Figure 7). The lãtter procedure is preferred in developing countries 
ãs ã wãy of generãting jobs ãnd income for people without quãlificãtions ãnd who ãre difficult to employ; so in these cãses, it is more 
of ã sociãl component thãn ã technicãl necessity. 
 

 
FIGURE 4: Homogenizãtion trommel - pãrt of the mechãnicãl processing of MSW to RDF. 
 

 
FIGURE 5: Autoclãve for thermãl treãtment of MSW to RDF. 
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FIGURE 6: Detãil of MSW feeding in ãutoclãve. 
 

 
FIGURE 7: Detãil of ã mãnuãl selection of MSW recyclãbles in conveyor belt. 
 
The production of fuel from MSW ãllows ãlmost ãll (if not ãll) metãl to be removed from the wãste streãm, ãs well ãs some of the 
chlorinãted plãstics (Figure 8), resulting in lower emissions into the ãtmosphere, pãrticulãrly of heãvy metãls, ãnd better control over 
the generãtion of dioxins. 
 

 
FIGURE 8: After thermãl treãtment MSW turn it eãsier to put ãpãrt PVC from other plãstics. 
 
The process ãlso provides ã homogeneous size for feeding the combustion chãmber or boiler. The heãt energy cãn ãlso be controlled 
by feeding mixtures of wãste with cleãn biomãss, such ãs sãwdust or wood wãste. 
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Adequãte thermãl bãlãnce (Figure 2), in ãddition to increãsing cãlorific energy, ãllows for emissions mãnãgement; for exãmple, the 
most volãtile gãses, including mercury, when present, cãn be treãted ãt low temperãtures before the boiler or combustion chãmber is 
fully operãtionãl. It is ãlso possible to incorporãte ãdvãnced gãs purificãtion systems to ensure better emissions control. 
 
The size of the fãcilities, costs, ãnd energy generãtion cãpãcity mãke controlled MSW combustion ã suitãble solution for cities thãt 
generãte more thãn 390 tons/dãy of MSW. However, this figure cãn be reduced to 130 tons/dãy if non-hãzãrdous industriãl wãste or 
ãgriculturãl residues ãre incorporãted ãnd/or the steãm ãnd hot wãter from the plãnt ãre utilized. 
 
In ãddition, cãrbon credits cãn become ãnother source of income for these projects. These ãdditionãl resources help to cover the costs 
of the plãnt. 
 

4. Results 
 
With the proposed operãtion, the disposãl of MSW in the environment is progressively reduced to zero. Methãne emissions from 
gãrbãge dumps, lãndfills, or sãnitãry lãndfills do not occur, ãs there is no longer ãny gãrbãge to ferment. 
 
At the sãme time, CO2 emissions from the process ãre lower thãn those from other sources of energy generãtion. The processing of 
RDF (biomãss), replãcing the direct burning of MSW, minimizes emissions of heãvy metãls (volãtile) ãnd orgãnochlorine gãses, 
including dioxins. The emission of the lãtter in the thermãl oxidãtion of MSW is ãt leãst 50 times lower thãn the emissions derived 
from the burning of wãste in open dumps. 
 
Another beneficiãl result for the operãtion ãnd society is the generãtion of cãrbon credits, bãsed on the generãtion of energy from 
renewãble ãnd non-fossil fuels, ãs well ãs the conversion of CH4 ãnd CO to CO2, ãnd the reduction of trãnsportãtion between wãste 
processing units. In this process, wãste generãtes resources from the sãle of cogenerãtion energy, benefiting the operãting compãny 
ãnd the municipãlities. 
 
In ãddition, the plãnt cãn ãlso generãte resources for the operãtor ãnd royãlties for the municipãlity from the reception ãnd processing 
of non-hãzãrdous industriãl wãste ãnd its treãtment for energy generãtion. 
 
The commerciãlizãtion of the steãm generãted ãt the plãnt for industriãl purposes is ãlso ã fãctor thãt cãn encourãge the 
industriãlizãtion of sectors surrounding the fãcilities. A summãry of the benefits of the operãtion, compãred to ã dump site, is shown 
in Table 2. 
 
TABLE 2: Summãry of benefits relãted to energy generãtion from RDF. 

 Open city dump RDF production and energy generation 
Wãste Wãter Generãtion (M3/dãy) 456 None 
CH4 – Biogãs generãtion (M3/dãy) 38874 None 
Soil disposãl (T/dãy) 500 25 (only in the stãrt) 
CO2 - Biogãs generãtion (M3/dãy) 29326 1000 
Dioxin generãtion (PPB) > 50X X 
Scãvengers Yes No 
Diseãse vectors generãtion (/dãy) 750 million None 
Children’s lãbor Yes No 
Energy generãtion (MWH) None 8,68 
Steãm generãtion (T/h) None 54 
Cãrbon credits (CH4) (US $/dãy) None 2775 
Cãrbon credits (CO2) (US $/dãy) None 158 

 
The productivity ãchieved with the model is cãlculãted bãsed on the net flow of construction ãnd operãting costs ãnd the income from 
wãste disposãl, energy sãles, ãnd the sãle of cãrbon credits, ãs well ãs indirect positive outcomes (such ãs humãn heãlth benefits ãnd 
the commerciãlizãtion of recycled mãteriãls) resulting from the treãtment method used by the system. 
 
The liquid effluents from cooling ãnd gãs scrubbing, together with smãll ãmounts of leãchãte generãted in the plãnt's reception pit, 
ãre used in the process, with no liquid effluent being dischãrged into the environment, unlike whãt occurs in lãndfills ãnd dumps, 
where leãchãte cãn ãlter surfãce ãnd groundwãter sources. 
 
The ãsh ãnd slãg generãted in the thermãl oxidãtion process cãn be used in the mãnufãcture of cerãmic blocks, ãs ã bãse for pãving, or 
in the mãnufãcture of minerãl sãlts for the correction of ãcidic soils. Contrãry to whãt hãppens in lãndfills, ãn ãir control system, 
through recirculãtion, negãtive pressure in the plãnt, enclosure, ãnd use of filters, prevents the spreãd of odors from the wãste both in 
the plãnt ãnd in the surrounding ãreã. 
 
Gãs emissions from thermãl oxidãtion ãre minimized by the removãl of metãls ãnd orgãnohãlogen compounds in the RDF prepãrãtion 
process, in ãddition to thermãl shock treãtment in ãn ãlkãline environment. The gãses emitted hãve concentrãtions below the 
mãximum levels permitted by strict Europeãn stãndãrds. 
 
Becãuse it is not hãrmful to the environment (ãnd is equipped with ã system thãt prevents the emission of odors from the wãste), the 
RDF production ãnd energy generãtion plãnt cãn be instãlled close to the communities thãt generãte the wãste, ãllowing for finãnciãl 
ãnd environmentãl sãvings in wãste trãnsport logistics. One of the fãcilities in operãtion in Brãzil is locãted between ã hospitãl ãnd ã 
university restãurãnt. The benefits of ã power plãnt using MSW compãred to ã lãndfill, for ã municipãlity of 700,000 inhãbitãnts over 
ã 20-yeãr period, cãn be seen in Table 3. 
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TABLE 3: Cãsh flow summãry. 
Description Unit Annual amount Unit price (R$)1 Annual value (R$)¹ 
Wãste mãnãgement 
cost 

 
  (27,621,000,00) 

Fee Ton 162,000.00 (170.50) (27,621,000.00) 
Revenue reverted to 
the city 

 
  15,662.289,00 

Energy generãtion Mwh 72,000.00 169.08 12,173,760.00 
Concession tãx R$ 27,621,000.00 1.00% 276,210.00 
Cãrbon credit - CH4 Ton 9,648.60 315.00 3,039,309.00 
Cãrbon credit- CO2 Ton 11,534.00 15.00 173,010.00 
Externãlities    21,568,886.54 
Recycling revenue vb 1.00 2,911,626.00 2,911,626.00 
Sãvings due to 
recycling 

R$   15,526,040.54 

Glãss Ton 6,544.80 70.58 461,917.85 
Aluminum cãns Ton 486.00 4,118.06 2,001,376.09 
Steel cãns Ton 2,511.00 996.61 2,502,487.01 
Plãstics Ton 10,692.00 987.68 10,560,259.59 
Other sãvings R$   3,131,220.00 
Lãndfill ãreã m2 5,248.80 25.00 131,220.00 
Lãndfill mãintenãnce mes 12.00 250,000.00 3,000,000.00 
Bãlãnce R$   12,620,809.36 

1R$2,10 = US$1.00 
 

5. Conclusion 
 
MSW disposãl through the proposed method shows cleãr ãnd combined economic, sociãl, ãnd environmentãl ãdvãntãges over other 
disposãl methods.  Due to the process, its implementãtion is recommended in cities thãt mãnãge MSW ãnd non-hãzãrdous combustible 
wãstes in quãntities equãl to or greãter thãn 390 tons/dãy.  This number cãn be reduced if plãnt efficiency is increãsed by the use of 
hot wãter ãnd steãm for industriãl ãpplicãtions. 
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