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Estrutura da Apresentagdo
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(Structure of Presentation)

Integracao de Processos na Prevencao da Poluicao

(Process Integration in the Pollution Prevention)

ODbjetivos (objectives)

Minimizacao de Efluentes Aquosos — DFA
(Water/Wastewater Minimization — WSD)
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Integragdo de Processos e Prevengdo da Poluigdo

(Process Integration and Pollution Prevention)

PRODUCAO MAIS LIMPA

(Cleaner Production)

INTEGRACAO DE PROCESSOS

(Process Integration)

Dunn e Bush (2001), “Using Process Integration
Technology for Cleaner Production”, Journal of Cleaner
Production, 9, 1-23.




Integracao de Processos e Prevencao da Poluicao

- Sintese de Processos Readaptagao -
- (Process Synthesis) ™ “Retrofit”

INTEGRACAO
MASSICA E ENERGETICA

(Mass & Heat Integration)

Minimizacao do uso de agua Abordagem termodinamica

(Water Minimization) (Thermodynamic approach)

Abordagem heuristica

- - ~ 1
i Otimizacéo no uso de | (Heuristic approach)
| hidrogénio ! g
| :
1

(Hydrogen Optimization) i Abordagem por :
e e 1 programacao matematica

ADAPTADO DE

(Mathematical programing) TECLIM / UFBA (2003)



Integracdo de Processos e Prevencao da Poluigao




Integracdo de Processos e Prevencao da Poluigao




Integracao de Processos e Prevencao da Poluicao

Fim de Tubo (end-of-pipe)
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Prevenir na Fonte! (prevention on sourcel)



Integracao de Processos e Prevencao da Poluicao

PRODUCAO MAIS LIMPA

(Cleaner Production)

DFA (WSD)
Diagrama de Fontes de Agua

(Water Sources Diagram)
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Gomes et al. (2007), “Design
procedure for water/wastewater
minimization: single
contaminant”, Journal of Cleaner
Production, 15, 474-485.



Objetivos (objectives)

M Apresentar 0 procedimento algoritmico Diagrama de Fontes

de Agua (DFA) como ferramenta sustentavel de suporte as
praticas de P+L

(Presentation of algorithmic procedure Water Sources Diagram (WSD) as a sustainable tool
for Cleaner Production practices)

llustrar a aplicacao do DFA com um estudo de caso de uma
refinaria de npfmlpn npmndn proposta de re(lso de aruas e

Wl W B W . ~

efluentes, tendo como meta 0 minimo consumo de agua

(Show the application of WSD with a case study of an oil refinery, including
water/wastewater reuse/recycle proposal to minimum water consumption)
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Abordagem Producdo mais Limpa / Integracdo de Processos

(Cleaner Production / Process Integration Approach)

Planejamento e

Organlzagao Planning and

Organization

diagnostico phase

A 4

- Assessment
phase

Pré-avaliacao e "
{ ¢ } Initial assessment

DFA 4{ Avaliacao de P+L
(WSD) '

Viabilidade técnica,
econdmica e ambiental

Implementacédo de opcdes
e plano de continuidade




Procedimento para Minimizacao de
Vazao de Efluentes AQuosos

(Procedure for Water/wastewater flow rate minimization)

Integracao de Processos aplicada a Minimizacao de Efluentes

(Process Integration applied to water/wastewater minimization)

Diagrama de Fontes de Agua (DFA)
Water Sources Diagram (WSD)
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DFA / WSD (Gomes, 2002; Gomes et al., 2007)
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(Extension from Castro et al. (1999) algorithmic procedure)

=» Conceitos da Tecnologia Pinch (Wang e Smith, 1994)

(Pinch Technology concepts — Wang e Smith, 1994)

= Método algoritmico que segue a linha de métodos graficos tipo fonte-
sumidouro

(Algorithmic procedure based on source-sink graphical methods)

=>» Garantir o consumo minimo de agua considerando todas as combinacdes
possiveis entre correntes

(To ensure water minimum consumption considering all possible combinations among streams)

=>» Consideracdo de multiplos contaminantes na analise e multiplas fontes de
agua

(Consideration of multiple contaminants and multiple water sources on analysis)



DFA

Ferramenta —__ to de recursos

|
h|d| | Justrial
(Tool for the “ﬁ Atrasado | Late the jndustry)
B

Bébado H Drunkard

Lipstick

Calculos ra 1and calculations)
Geracao simulté ) r M ~ /OS para 0 processo.
(Simultar L 5s flowsheets)

Para cada situacao, uma ferramenta diferente!

(Different tools can be used acording to requirements!)



Exemplo de Abordagem do DFA — Multiplos Contaminantes
DFA Example - Multiple Contaminants / Data from Wang e Smith (1994)

= Vazao . Cik,max ka,max
Operacao k f, (t/h) Contaminante (ppm) (ppm) Amg (g/h)
A 0 /1_K 675
L 45 18000
1575
\@400
2 34 4800

B
C 200 9500 520800

OPERATIONS: (1) Distillation; (2) HDS; (3) Dessalinization
CONTAMINANTS: (A) Hydrocarbons; (B) H,S; (C) Salt



Alocacao de Regeneradores

(Placement of Treatment Equipment)

8,5t/h ‘/M\ 34 t/h o 2 34 t/h
0 ppm A kﬂ 11,25 ppm A 111,25 ppm A
0 ppm B 25 5 t/h 300 ppm B 12500 ppm B
0ppm C ' 26,25 ppm C 161,25 ppm C
45 t/h 45 t/h

106,7 t/h 16,7 t/h

0 ppm A OIRRING 15 pgn 7 15 ppm A

0 ppm B DlERIE 400 400 ppm B

0 ppm C




Valores de concentragao apos ajustes / deslocamentos

(Concentrations after adjustments / displacements)

Operagao | f, (t/h) Cont. C, N\ Am,
k (M ) (g/h)
A W'\\g 675

1 45 «@d \& @200 | 18000
C &&\ 35 1575

o¥11.25 @ J111,25 | 3400

2 34 BE® | 300 12500 | 414800
C 180 4590

A 0,75 ‘| 100,75 | 5600

3 o6 B 20 45 1400
C 200 9500 | 520800




DFA — Maximo Reuso (Maximum water reuse)

Passo 1
Intervalos de concentracdo: Limites (Intervals of concentration)
C’=C’(fea) U C’(fia) =C’ = {0, 50, 100, 400, 800}
Passo 2
Identificar as operactes no DFA (Operations!)
Passo 3

Determinacdo da quantidade transferida por intervalo: Am =1, AC
(mass transferred of contaminant in each interval)
Passo 4

Determinagéo do consumo de fontes de agua: f = AM/AC|; (Flow rate)

=>» Regra 1: Uso preferencial das fontes externas (rirst: using external source)

=> Regra 2: Priorizar o uso da fonte de agua com maior concentracao
(Using water source with higher concentration)

> Regra 3: Transferir a quantidade de massa da operacdo em cada

intervalo (The amounts of each contaminant must be removed in each operation)



Cont. Ref.: A— Maximo Reuso

Concentracio (ppm)
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|Am =1L (Cou—Cin) |

0 0,75 11,25 15 100,75 111,25
1 (0,033) (0,47) 0.17)
45
(0,13) (2,92) (0,36)
34 2 >




|Am =1L (Cou—Cin) |

0 0,75 11,25 15 100,75 111,25

(0,033) (047) (0,17)

45

0,13 2,92 (0,36)
34 ) 0.13) @92) ]




|Am =1 . (Cou—Ci) | «—— |f=Am/(Cou— Cn)

{00 0,75 11,25 {15 100,75 111,25

1 45 (0033 | 45 (04| 45 (017
45 j ] ]
34 | 85 oL e M 039
- 5227 5227 (0595227 (021| 532 | @ sﬁbt'da Sl S 1o/

_________ » 3 > > tante, apds assjmilagao
arcial com 8,5 t/h




|Am=f . (Cou—Ci) | «— |f=Bm/(Cou—Cn) |

{00 0,75 11,25 [ 15

1 45 (0033)| 45 (47| 45 (017
45 ] ] T
o 8,5 8,5 85 01|

100,75

34

111,25

(0,36)
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34 _‘\“f_’i_‘ __________ Rl 5 °° 13 % ey Mt s
25,5
______________ >




45

5227

100,45
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1112

D53)

108,7th

1C6,7 th

108,7th

4t

(85th) N () X
\/ 'Q/I/ \_/ g g
0 ppm A A 11,25 ppm A 111,25 ppm A
0 ppm B @> 300 ppm B 12500 ppm B
0ppmC 26,25 ppm C 161,25 ppm C
LW CD IR CD WA CDHNC N D
’ » D 1 » D ’ »( D ’ >
\O\pp_n{ 0 ppm A 15 ppm A \_/ U 15 ppm A
0 ppm B 0 ppm B 400 ppm B < 08 Uh 400 ppm B
0 ppm C RIEEIES 35 ppm C ’ 35 ppm C
-> Verlflcar se todas as restrlgoes de concentracdo e de taxa de
» d
transfet ita m lodas as com nas .
operac el " 3 <~ >
0 ppm A 0,75 ppm 100,75 ppm A
20 45 ppm B

m C

9301,75 ppm C



8,5t/ )34t ] 34vn

> M > >
0 ppm A \;j 11,25 ppm A 111,25 ppm A
0 ppm B 25 5 t/h 300 ppm B 12500 ppm B
0 ppm C ’ 26,25 ppm C 161,25 ppm C
1067th /Y Ll 1 th o\ 422th N 16,7 th
0 ppm A u 0 ppmA 15 ppm A \\_/ U 15 ppm A
0 ppm B Qieculs 400 ppm B T 400 ppm B
0 ppm C BlERIES 35 ppm C ’ 35 ppm C
A4
53,2 t/h ) 56th 3 56 t/h R
0 ppm A U 0,75 ppm A 100,75 ppm A

0 ppm B 20 ppm B 45 ppm B




DFA

Nem sempre ha necessidade! (aplicdvel a processos complexos)

(WSD - tool that can be used acording to customers processes, but, it'’s not
used in all situations)
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Estudo de Caso

(Case Study)

Refinaria de Petroleo - Processos Hidricos
(Oil Refinery - Water Processes)

3 contaminantes (3 contaminants)
7 operagoes (7 operation units)

Adaptagdo de Huang et a/l. (1999) e Ullmer et al. (2005)



Fontes de agua da refinaria (Huang et al., 1999)

Agua fresca (AF)
Agua purificada (AP) 10 1 0 0
Dreno de dleo cru (TQ) 135 45 400 15

Dados de processo de uma unidade de tratamento de
efluentes da refinaria (Huang et al., 1999)




Dessalgacao

(1)

da preservacao das

Sais (A)

Organicos (B)

120.000
480.000

200
100

2.000
6.500

66,67

Lavagem de
amonia (2) -
Sais (A) 200 300 500 1
La‘l’_lage(rg)de Organicos (B) 1.200 50 500 2,67
Torre 2
e e ( H,S (C) 1.750 5.000 6.000 1,75
3) Sais (A) 7.100 300 1.250 7,47
Uso geral (6)  Organicos (B) 52.500 50 7.050 7,5
Caldeira (4) ¢ H,S (C) 221 0 29,5 7,49
Sais (A) 135.300 2.500 3.115 220
Torre de
resfriamento  Orgéanicos (B) 0 220 220 -
. 7
Caldeira ( () H,S (C) 0 45 45 -
perda (4) Sais (A 2.500
Torre de ais (A) i ’ i
resfriamento Organicos (B) - 220 - 405
da (7
perda (7) H,S (C) - 45 ;
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| SEPARADOR FLOTACAO A AR LODO TRATAMENTO

| Efiuente nao—! API , bliziel o . ATIVADO ‘ TERCIARIO |,

| tratado g i ! .

| i i i Retso ou

| ' : ; descarte

, \ v \

| Reliso ou Reulso ou Retso ou

| descarte descarte descarte

Efficiency removal of
contaminants

(Wastewater Treatment Process in this case studied)

Esquema da sequéncia de processos de tratamento de efluentes
proposto para a refinaria em estudo

Eficiéncias de remocao de contaminantes na ETDI

Operagao Componente Ef:;iﬁr;r(:;gode Vazao maxima (t/h)
Sais (A) 0
(9) Separador API Organicos (B) 0,55 400
H,S (C) 0
Sais (A) 0
(10) Flotagéo a ar dissolvido  Orgénicos (B) 0 400
H,S (C) 0,90
Sais (A) 0
(11) Lodo ativado Organicos (B) 0,80 400
H,S (C) 0,90
Sais (A) 0,99
(12) Osmose inversa Organicos (B) 0,60 400
H,S (C) 0,20




Cenario Base

Descricao: Tratamento centralizado



CAPTAGAO

762,84 t/h
Y
ETA
127,67 thh 10 ppm A 635,17 th 50 ppm A
1ppmB 15 ppm B
0ppmC 0ppmC
A 4 A 4
AP AF
127,67 t/h 10 ppm A 635,17 t/h 50 ppm A
1ppm B 15 ppm B
0ppmC 0ppm C
A 4 A 4
75t 12,67 t/h 19t/h
21th 2,67 th 7,5th 625 t/h
10 ppm A 10 ppm A 10 ppm A 18 t/h 10 ppm A
1ppm B 1 ppm B 1 ppm B 1ppm B 50 ppm A 50 ppm A 50 ppm A
0ppm C 0ppm C 0ppm C 0 ppm C (1)5 PPmCB (1)5 PPmCB 15 ppm B
ppm ppm
v v OppmC
2 3 4 v v v T 405 th
5 6 7
75 th 12,67 t/h 19t/h
3th
220 t/h
1610 ppm A 601 ppm A 200 ppm A
6401 ppm B 6453,25 ppm B 5500 ppm B 150 ppm A 2,67 th 7,5th
25 ppm C 252,56 ppm C 131,58 ppm C 50 B 665 ppm A
ppm 15 ppm B
45 ppm C 0ppm C TQ
v v 124,91 ppm A 996,67 ppm A PP
464,44 ppm B 7015 ppm R
106,67 th 655,43 ppm C 29,47 ppm C
15th
1239 ppm A
6246,72 ppm B 135 ppm A
71ppmC 45 pggw B
400 ppm C
\ 4 Y A 4 A 4 Y v
e !
1 813,74 ppm A
] 354,64 th 2041,24 ppm B |
: 44,19 ppm C |
1 |
| v 354,84 th 354,84 th 1
1 354,84 t/h 354,84 t/h |
| 9 10 1M o 12 1
| » » > ——» RO 1
1 813,74 ppm A 813,74 ppm A 813,74 ppm A 8,14 ppm A :
1 918,56 ppm B 918,56 ppm B 183,71 ppm B 73,48 ppm B |
: 44,19 ppm C 4,42 ppm C 0,442 ppm C 0,354 ppm C |
1 |
1 |
1 |
|



Novo Cenario

Descricao: Tratamento centralizado



CAPTAGAO

725,26 th
=
ETA
L 50 ppm A
40t/h 10 ppm A 68526 thy 15ppm B
1ppm B 0ppm C
v 0ppm C Y
AP AF
685,26 th
40,909 th 40t/ 50 ppm A
I 15 ppm B
2880th_J 9.790th | 10ppm A . 2063th Oppm C
= 1ppm B L
L0ppmC
A 267th 75th 625th
34,091 t |
E— 4
12,67th 189,81 ppmA | 50 ppm A 50 ppm A
75t/h 19t/h 21t/h 15ppm B 15 ppm B 15 ppm B
32955 ppm A | 189,79ppmA | 10ppm A 18t/ 10 ppm A Oppm C Oppm C 0ppm C
15 ppm B 15 ppm B 1ppm B 1ppm B
Oppm C i Oppm C i Oppm C t Oppm C v v v 205 th
1 2 3 4 5 6 7 J
75t/ 12,67 th 19t/h 220th
192955 pom A| 78056 ppm A | 200 ppm A 665 ppm A
6415 ppm B 6467,25 ppm B| 5500 ppm B 15ppm B
25 ppm C 25256 ppm C | 13158 ppm C 0ppm C
' ' 0,607 th
106.67 th 3th 267t/ 75th TQ
1485 ppm A 150 ppm A 264,72 ppm A | 996,67 ppm A
6258,23 ppm B 50 ppm B 46444 ppm B | 7015 ppm B 15t/h
71ppm C 45ppm C 65543 ppm C | 29,47 ppmC
36,971 th 135 ppm A
45ppm B
665 ppm A 400 ppm g
15 ppm B ! ! ! ! 18242 th i
Oppm C
317,26th | 91525 ppmA
2285,13 ppm B
49,42 ppm C
1 ———— AN 1
i | 31726 th :
! 31726 th 31726 th 317,26 th !
1 > |
E 9 10 1 12 |==———% RO |
H 915,25 ppm A 915,25 ppm A 915,25 ppm H
! 102831 ppm B 1028,31 ppm B 205,66 ppm B gélngg;)“mAB :
' 49,42 ppm C 494 ppm C 0,494 ppm C , H
i - 0,395 ppm C '



Novo Cenario

Descricao: Tratamento centralizado
ETDI (APl + Flotador + LA + Ol)



Conclusoes (Conclusions)

E[ DFA - Ferramenta para o gerenciamento de recursos hidricos no

ambiente industrial (WSD — Tool for water management in process industry)

E[ Suporte as etapas de desenvolvimento de um programa de P+L
(WSD — Tool for Cleaner Production application)

E[ Utilizou-se um exemplo como forma de mostrar a aplicacdo do
procedimento adotado, visando a reducao do consumo de agua e da
geracao de efluentes

E[ Dentre as suas vantagens estdo a facilidade de realizacdo de
caicuios rapidos e manuais € a geracao simuitanea de fluxogramas
alternativos para o processo

(WSD — advantage: quickly and hand calculations)

E[ E necessario que se faga um estudo econdmico, em que se constate
o efeito do reuso na reducao dos custos totais, incluindo o tratamento
de efluentes.

(Important: economic study, considering wastewater treatment)
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