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RESÍDUOS SÓLIDOS URBANOS
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TRATAMENTO MECÂNICO-BIOLÓGICO + ATERRO DE REJEITOS
Produção de materiais (reciclagem), energia e condicionador de solo

Desconhecido
96%

Reciclagem
3%

Compostagem
1%

BRASIL

Fonte: SINIR 
https://sinir.gov.br/paineis/des
tinacao/

Fonte: GEF BIOGÁS BRASIL (https://www.gefbiogas.org.br/residuos_urbanos.html)
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Fonte: EUROSTAT (https://ec.europa.eu/eurostat/databrowser/view/enps_env_wastrt/default/table?lang=en)



ABASTECIMENTO DE ÁGUA



Processo/operação unitária Produtos químicos utilizados Resíduo Potenciais recursos que podem ser 
recuperados

Aeração de água subterrânea N.A. Lodo de ferro Óxidos e hidróxidos de ferro 

Coagulação, floculação, 
decantação

Sulfato de alumínio Lodo de alumínio Alumínio; Ácidos orgânicos
Cloreto férrico; Sulfato de ferro Lodo de ferro Ferro; Ácidos orgânicos

Hidróxido de cálcio; Carbonato de sódio;
Soda cáustica

Lodo  do abrandamento CaCO3, Mg(OH)2; Ácidos orgânicos

Filtração rápida (areia, carvão 
ativado, antracito) 

N.A. Água de lavagem dos 
filtros

Alumínio, ferro
Manganês, compostos orgânicos
Meio filtrante (p. ex.  carvão ativado)

Filtração em membranas de 
baixa pressão 
(microfiltração/ultrafiltração) 

N.A. Água de lavagem dos 
filtros

Ácidos orgânicos

Ácido cítrico 
Soda cáustica 
Cloro 

Solução de limpeza

Filtração em membranas de alta 
pressão (nanofiltração/osmose 
reversa) 

Anti-incrustante 
Antivegetativo (antifouling)
bissulfito de sódio 

concentrado Bissulfato de sódio
Fosfonatos 

Ácido cítrico
Soda cáustica

Solução de limpeza

Troca iônica Sais, bicarbonato de sódio e soda 
cáustica 

Solução regeneradora Ácidos orgânicos (húmicos e fúlvicos) 
Na

+
, NO

3−
, Cl

−
, Ca

2+
, Mg

2+
 

a  Matéria orgânica é a principal causa de cor e turbidez N.A. – não aplicável

ETA como UNIDADE RECUPERADORA DE RECURSOS (URR)

Fonte: PIKAAR et al (2022)



Experiência: 

• O calcário, que corresponde a 70 a 80% do total de 
matéria prima utilizada na produção do cimento, contém 
baixos teores de Al, Si e Fe. Há a necessidade de materiais 
suplementares, entre eles, o RETA 

• Alemanha, na Inglaterra (Lafarge Cement UK) , Estados
Unidos (Metropolitan Water na Califórnia e a Tulsa em
Oklahoma) e no Japão (p. ex. Taiheiyo Cement 
Corporation) 

• Menos de 20% RETA

Benefícios

• tem alto teor de sólidos;

• a composição química é semelhante aos materiais utilizados
na fabricação de cimento

• RETAs de alumínio podem formar hidratos de cálcio e de 
alumínio, que tem potencial para prevenir a corrosão de 
estruturas de aço, devido ao cloro

• Aumento da resistência à compressão do concreto, que foi
produzido com cimento no qual foi incorporado RETA na
clinquerização (DAHHOU et al., 2018)

• Desvantagens

• Cloro acima de 100 ppm no RETA corrói
forno de cimento;

• presença de cloretos, sulfatos, sódio, 
permanganato de potássio, carvão ativado, 
metais pesados podem ocasionar
problemas no processo;

• risco de geração de hidrogênio;

• expansão de alumínio;

• elevado teor de água; 

• produção de óxidos de ferro provenientes
de RETA férrico pode produzir uma cor
indesejável ao produto final.

Uso de resíduo de ETA como material suplementar na fabricação de 
cimento para redução dos gases de efeito estufa

Fontes: PAN et al. (2004); BABATUNDE e ZHAO (2007); MOKONYAMA; 

SCHALKWYK; RAJAGOPAUL (2017) 



ESGOTAMENTO SANITÁRIO



Fonte: adaptado de VERSTRAETE; VLAEMINCK (2011) 
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Recuperação de 
nutrientes do esgoto 
AirPrex®/MagPrex®
Centrisys/CNP

• Reduz o consumo de polímero em até 30%

• Reduz os custos de disposição do lodo em até 20%

• Reduz a carga reciclada de fósforo em até 90%

• Reduz os custos de manutenção em até 50%

• Aumenta a receita de fertilizante em até 20%

PROCESS: MagPrex™

Centrate Recovery
WAS Fermentation + 
Centrate Recovery

MagPrex™

Reduce Phosphorus Recycle . . .

Recovery of Marketable Fertilizer . . .

Reduce Struvite Maintenance . . .

Improve Sludge Cake Dryness ' ? .

Reduce Polymer Demand ' ? .

No Recovery Option (Sequestration) ' ' .

Cost Competitive for Small Utilities ' ' .
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9586 58th Place  |  Kenosha, WI 53144 USA  |  +1 (262) 654-6006  |  info@centrisys-cnp.com
 North America  |   South America  |   Europe  |   Middle East  |   China

© 2022 CENTRIFUGE-SYSTEMS, LLC
ISO 9001:2015PM2022v1EN

Changing our nutrient recovery technology’s name to MagPrex (formerly AirPrex) signifies  our  commi tme nt  to cont i nued inno vation for all our North American customers.
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Recuperação de nutrientes do esgoto como fonte de renda para população de extrema pobreza 

Produção de estruvita a partir da urina 
no Nepal

Fonte: MEYER, R.; ETTER, B.; UDERT, K., 2011



In Figure 2, the flow split ratio after the contact tank depends on the amount of biosorption adsorbent available. It is

best to send as much of the contact effluent as possible directly to the DAF, by-passing the main aeration tank (Aeration

tank 1) as this gives significant energy savings. However, doing so may reduce the amount of WAS from the aeration

process, in turn decreasing biosorption efficiency. This can be overcome by adding an exogenous adsorbent. Evoqua

Water Technologies developed a new way of compensating for the WAS loss, by recycling a portion of the anaerobic

digested sludge back to the liquid treatment stream (2-3). This is called the AD Loop (Figure 2). The AD sludge is taken

first into the aeration process to re-activate its adsorption capacity, because the adsorption capacity of AD sludge is only

a fraction of that of activated sludge (2) and aeration is the most convenient method of re-activation. The loop brings

benefits beyond the provision of additional biosorption material, as biogas production is significantly enhanced and

sludge generation is much reduced (3).

Plant and DAF performance, and COD balance of the two Captivator
®

system applications, are presented and discussed

here, together with their impact on downstream biological nitrogen removal and overall plant energy self-sufficiency.

M ETH ODS
A 200 m

3
/d pilot plant was built at Ulu Pandan Water Reclamation Plant, Singapore (Figure 3). It has three aeration

tanks in series: the first is the main aeration tank and its volume is 3 times that of each of the other two tanks, which are

of equal size and designed for aerobic polishing. In addition to these two Captivator
®

system applications, a baseline

system using a conventional activated sludge (CAS) process with a primary clarifier (Figure 4) was evaluated using the

same aeration tanks in different configurations. The DAF used in both applications is a Folded Flow
®

DAF
2

(4) (Figure

3) in which the flow is “folded” by removing effluent from the same end of the tank as the influent is introduced,

resulting in increased hydraulic loading rates. In the first application (Figure 1), the Captivator
®

system replaced both

the primary clarifier and t h e sludge thickener of the CAS process. In the second (Figure 2), the Captivator ® system

was placed between the primary clarifier and the aeration process. Contact effluent after biosorption was split at a ratio

of 50/50 between the DAF and the first main aeration tank, and merged later in the second aeration tank. The thickened

sludge (from either a decanting centrifuge or the DAF) was sent to a digester with an SRT of 25 days for biogas

production. A portion of the AD sludge was sent back to the second aeration tank in the second application.

Figure 3. Photo of Pilot Plant (L eft) and Folded Flow® DAF (Right)

Figure 4. A Baseline Conventional Activated Sludge (CAS) Process

2 Folded Flow is a registered trademark in The United States.

Influent Aeration 2 & 3

Return Activated Sludge (RAS)

Effluent

Anaerobic

Digester

Excess

Sludge

Primary
Clarifier

Sludge

Thickener

Secondary

Clarifier

Wasted Activated Sludge (WAS)Primary Sludge

Aeration 1

Supernatant

Ulu Pandan Water Reclamation Plant, Singapura (escala piloto)

Agua Nueva Water Reclamation Facility, Arizona (escala real)
Startup: janeiro de 2014.   Capacidade: 1,4 m3/s

Fonte: https://www.evoqua.com/siteassets/documents/products/aerobic/captivator_ozwater2018_poster.pdf

Concentração de carbono do esgoto para geração de energia



Tanque de contato/biossorção

Tempo de detenção hidráulico de 30 
a 40 minutos

O aerador de disco, 
feito de poliestireno 

durável e de alta 
densidade, fornece 

oxigênio e mistura ao 
sistema

Defletor horizontal

Ar difuso, bolhas grossas

Placas para liberação do ar

Fonte: https://www.evoqua.com/siteassets/documents/products/aerobic/captivator_ozwater2018_poster.pdf



• Entrada e saída do esgoto pelo mesmo lado, reduzindo os curto-circuitos

Flotador Evoqua®

 
 

Figure 4. A baseline conventional activated sludge (CAS) process (top diagram) and the 

Captivator System configuration (bottom diagram) were piloted  

 

 
 

Figure 5. Conceptual diagram of a Folded Flow® DAF unit developed by Evoqua Water 

Technologies 

 

The pilot plant received wastewater from the nearby plant headworks. The wastewater was first 

fine screened by a drum screen before entering primary treatment. The screened influent 

characteristics are shown in Table 1. The influent and effluent samples were composite samples 

while other samples such as primary effluent, primary sludge, contact effluent, mixed liquors in 

all aeration tanks, thickened sludge, WAS, and digested sludge were daily grab samples.  The CAS 

process was first examined in the pilot plant to collect a baseline data for comparison purposes. 

Then the process was converted into the Captivator System. The overall plant performance was 

evaluated mainly on liquid treatment efficiency, biogas production and final excess sludge 

generation. 

 

 

Influent

Return Activated Sludge (RAS)

Effluent

Anaerobic 
Digester

Excess 
Sludge

Secondary
Clarifier

Wasted Activated Sludge (WAS)

DAF Sludge

Folded Flow®

DAF

Biosorption
Contact Tank

DAF 
Effluent

Captivator® System

Aerations 2 & 3Aeration 1

Velocidade de ascensão do floco no DAF = 12 m/h
Não é necessária a adição de produtos químicos
Teor de sólidos do flotado: 4 a 6%
Remoção de 85% de sólidos em suspensão

Fonte: https://www.evoqua.com/siteassets/documents/products/aerobic/captivator_ozwater2018_poster.pdf



Balanço de carbono Oxidado

Efluente

Biogás

Lodo

Lodo primário 
(30,0%)

Afluente

Sobrenadante (13,8%)

Excesso de lodo (38,9%)

Lodo ativado convencional

100% PC 83,8% AT 44,9% 6,0%

22,9%

32,2%

AD
Adensador

SC

38,9%

55,1%

Oxidado

Efluente

Biogás

Lodo
Lodo primário  (34,8%)

Afluente

Sobrenadante (55,2%)

100% PC 120,4% AT 5,9%

35,1%

18,6%AD

DAF

SC

33,3%

CT 111,6%

Adensador

7,7%

Oxidado
Efluente 
primário

Lodo do DAF (98,8%)

Afluente do DAF 
(113,0%)

Efluente do 
DAF (14,2%)Reciclo de lodo 

digerido (25,3%)

(79,7%)

Excesso de lodo (119,5%)
Sistema Captivator®

Fonte: DING et al. (2015)

Sistema Captivator®  - ETE existente

PC – decantador primário
AT – tanque de aeração
SC – decantador secundário
AD – digestor anaeróbio
CT – tanque de contato/biossorção
DAF – flotação com ar dissolvido



Resultados obtidos no sistema de lodos ativados convencional e no sistema 
Captivator (escala real)

Parâmetro Sistema 
Captivator

Lodo ativado 
convencional

Carga de DBO (kg/d) 126.000 126.000

Carga de SST (kg/d) 126.000 126.000

Carga de DQO (kg/d) 244.700 244.700

Carga de DQO biodegradável (kg/d) 200.000 200.000

Remoção de DBO no decantador 
primário/DAF (%)

55,3 29,3

Demanda de oxigênio no sistema de lodo 
ativado (kg/d)

57.600 90.500

Carga de DBO afluente ao digestor (kg/d) 68.200 37.400

Carga de SST afluente ao digestor (kg/d) 136.000 120.300

Carga de SSV afluente ao digestor (kg/d) 104.500 88.800

Remoção de SSV no digestor (%) 62,3 52,3

Produção de biogás (m3/d) 65.800 45.500

Quantidade de lodo produzido 
(kgSSecos/d) 

70.960 73.900

Fonte: WAUL et al (2016)
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Sustentabilidade energética
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Potenciais iniciativas de 
economia circular na
indústria da água

• Energia: reduzir o consumo de 
energia sendo mais eficiente no uso 
da água e gerar energia na ETE

• Água: Melhorar a eficiência dos 
sistemas, reúso, reduzir o consumo 
de energia, o que reduz a retirada 
de água pelas hidrelétricas

• Alimento: Fazendas urbanas 
verticais e usar os nutrientes do 
esgoto

• Indústria: implementar programas 
de eficiência energética, uso 
racional de água, reúso de água, 
utilizar energia renovável e remover 
água do ciclo produtivo. 

• Utilizar subprodutos das ETAs e ETEs

©
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a

An ‘Urban Water System’ Perspective
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PERSPECTIVES
SETTING THE FOUNDATION FOR 

A FUTURE FRAMEWORK

The current population projections indicate that world 

population will increase to 9.1 billion in 2050, with 60% of 

them living in cities or towns. This means that the Urban 

Water Systems are key component and an avenue of 

achieving greater circularity within other city systems. 

The figure to the right presents a simplified view of 

components of a municipal water system, which in reality 

are significantly more complex with greater level of links 

and interfaces with other systems.

A few potential circular economy initiatives identified on 

the image highlight how municipal water system interfaces 

with industry, energy systems, agriculture, food 

production, and the wider environment. 

Energy: Water is key component in production of energy 

from hydropower and thermal power plants (gas, diesel, 

nuclear). Globally 15% of the freshwater withdrawals are 

for production of energy, with local variability. In addition, 

energy accounts for up to 30% of the costs of operating a 

water and wastewater system. 

Opportunities exist to reduce energy use by being more 

efficient in water use, as well as utilising the sludge from 

the wastewater treatment to generate renewable energy.

Water Use: With an ever growing urban population, the 

water demands from the cities and the impact of the 

freshwater withdrawal on the environment will continue to 

increasing. 

Greater efficiency and water reuse can reduce the volume 

of freshwater withdrawn, reduce the energy required, and 

leave more water for the environment. 

Food: The environmental footprint of a city extends 

wide beyond the city limits or events its water basin. By 

growing food locally, as outlined in the Urban Bio-

cycles scoping paper, the extend of the footprint can be 

reduced. 

This will require extensive amounts of water, but 

solutions such as vertical farms in urban greenhouses 

can be more efficient in use of the water per kilogram of 

food produced in comparison to open fields. 

This reduction in demand of open agriculture will reduce 

the freshwater withdrawals for agriculture, which have 

been estimated at 70% of all freshwater withdrawal. 

Urban Biocycle can also utilise the nutrients that are 

found in municipal effluents, reducing the amount of 

fertiliser production, as well as reducing the level of 

nutrients being discharged into the environment and 

causing it detriment.  

Industry: Industry is at a critical nexus of the water and 

energy. Most industrial processes utilise water, which 

can be as component of the final product, component of 

the production process, or even indirectly, through 

energy use. 

Circular Economy measures in the industrial sector have 

an impact on the water withdrawals, such as:

- energy efficiency, 

- utilising renewable energy,

- water efficiency, 

- water reuse, 

- removing water from production cycle. 

In addition, industries can utilise by-products from 

municipal water systems that would normally be 

discharged into the environment. 
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CSO – combinated sewer overflowFonte: Arup et al (2018)
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