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http://www.worldometers.info/wate
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| SEAERJ Water Distribution on Earth

Fresh-
water 3% Other 0.9% S Rivers 2%

Earth's water Freshwater Fresh
surface water
(liquid)

From US Geological Survey Earth’'s water distribution.
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Little or no water scardity
I Physical water scarcity
] Approaching physical water scarcity

- Economic water scarcity
Not estimated

Scarcity NeedorFreshVateV SAvailabl®uantity

-]
Source: IMWI report, Insights from the Comprehensive Assessment of

Water Management in Agriculture, 2006 / p8
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Bl Fipsicol water scarcity
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Tecnologias e
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PSM Processos de
Separacao por
Membranas

A Dessalinizacdo de Agua Salobra e Agua do Ntaras Fontes
Osmose Inversa (Ol)
Osmose Direta)

DistilacaporMembran
Eletrodialig&=DEDR

S

A ReUsdndustrial & UrbanoMelhor Aproveitamento

A Reduzir o Consumo de Energlenpacto Ambiental

Pressur®etarde®@smosis ( P RO)
Processos Hibridos
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Labaraért de Processos com Membanas
PEQ / COPPE / LFRD
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Uma membrana é

Barreira/fagsmturabuartificial/sintétiqaesepara
duas fases, restringinddotal ou parcialmente
transportede uma ou variasespéeciesgquimicas

presenteeasfases
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Principios dé&¥ocessos 5@
Modelogle Transporte

Processos de Separacao por Membranas
Conceituacdo Basica
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Tipo de Transporte / Faixa de Porosidade

Membranas Membranaorosas
Densas
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Transporte Transporte
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Microfiltracao

Filtracado

Ultrafiltracao .
Convencional

Nanofiltracao

Osmose Inversa
|
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Diametro de Poros
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a Diferenca de Pressao com Forca wivuiz
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vapor

s SEAERJ
PROCESSO FORCA MATERIAL MATERIAL QUE APLICACOES
MOTRIZ RETIDO PERMEIA
MICROFILTRACAO (MF) AP Matenal em Suspensdo, Agua e sélidos dissolvidos Estenlizagdo Bacteniana
(05-2am) | Bacténas Clanificagdo de Vinhos e Cervejas
Massa molar > 500kDa Concentragdo de Células
(0.01 pum) Oxigenacdo de Sangue
z : Fracionamento e concentragio de
ULTRAFILTRACAO (CF) AP Coléides. Agua (Solvente) proteinas
(1 - 7 atm) Macromoléculas Sais soliiveis de baixa Recuperacdo de pigmentos
Massa molar > 5.000 Da massa molar Recuperagio de 6leos
. Moléculas de massa molar ]
NANOFILTRACAO (NF) AP media Agua, sais e moléculas de Punficagdo de enzimas
(5 - 25 atm) 500 < PM<= 2.000 Da baixa massa molar Biorreatores a membrana
AP . Dessalinizagdo de aguas
OSMOSE INVERSA (0D (15-80 atm) | Todo material soluvel ou Agua (Solvente) Concentragao de suco de frutas
em suspensio Desmineralizagdo de aguas
DIALISE D) AC Moléculas de Massa molar | fons e orgnicos de baixo Hemodialise - Rim Artificial
> 5.000 Da peso molecular Recuperacido de NaOH
ELETRODIALISE (ED) AE Macromoléculas e Tons Concentracédo de solugdes salinas
Compostos ndo 16n1cos Purificagdo de aguas
N Recuperagdo de hidrogénio
PERMEACAO DE GASES (PG) AP = AC Gas menos permeavel Gas mais permeavel Separagio CO»/CHy
Fracionamento do Ar
PERVAPORACAO (PV) Pressdo de Liquido menos Permeavel Liquido mais permeavel Desidratagdo de alcoois

Eliminag¢do de VOC da agua
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Fluxo, Permeabilidade & Rej@fadJF. NF, Ol)
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Laborantiio de Processcs com Membeanas
PEQ / COPPE | UFR)

det
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Laborantiio de Processcs com Membeanas
PEQ / COPPE | UFR)

Membrana&nisotropicamtipoFibragOcagAC)
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Sintesele MembranaAnisotropic&®mpostas

Membranaatuais principais para os proces€dis/d®© / PRO  PAnteiramentronatica
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Producatndustrial

| Forno |

\
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|
Sol. aquosa
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Solucdo de cobrimento
de protecao
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| SEAERJ Tipo de Membranas 65@

Modulos
Cilindrica Planas
- Tubula5 <@< 15mm Geomedtria - Espiral
- Capilar(0,5 9< 5mm) - Placa Quadro
- Fibra®Dcas(d<0,5mm

Densidade d
Empacotamento
10:1
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Alimentagao
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SEAER] Membranas Sintéticas no:
Processos Industriais

Porqué
Vantagens: A Eficiéncia (seletividade & produtividade)
A, V. @ Volume pequeno das instalac6es (Modulavei:
SEPE S o A Integracéao de processos
el A Energéticamerftesoravel
A Operacoes em condicoes brandas (P &T)
A Impactambiental
A Custaeduzido (viabilidade)
Limitacoes: A Seletividade fluxos reduzidos
A IncrustacéeBdquling
A Resisténcia quimica & mecanica
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Agua & Energia

A Dessalinizacdo de Agua Salobra e Agua do Ntaras Fontes

Osmose Inversa (Ol) ReverséOsmosigdRO)
Osmose Diretal)

DistilacaporMembranas
Eletrodialis&DEDR

A ReUsdndustrial & UrbanoMelhor Aproveitamento
A Reduzir o Consumo de Energlenpacto Ambiental

Pressur®etarde®@smosis ( PR O)
Processoldlibridos
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P1 > P2 P2-P1 < AT P2-P1 > ATr

=
<]
Feed
Water
Forward Osmosis Pressure Enhanced Pressure Retarded Reverse Osmosis
(FO) Osmosis Osmosis (RO)
(PEO) (PRO)
w o,
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Energy(W) Yy Yu Yy Yu
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NorteAmerican®.000m¥ano Habitante

Paise#\fricanopobres700m?/ano habitante

Paisexomescassetisicae comrecursosinanceirogArabiaSaudita)

$

Dessalinizacao

——

AERICA
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SEAER) Capacidade Global de 5@
Dessalinizacao

2009
@

(9)
o

. Ro | Thermal . ED/EDR  Fonte: GWI, 2012
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W scacr Haderdesalinatiolant(lsrael) 5@

Capacity: 525,000n%/day
>100.000.000%/year

Technology: Reverse Osmosis (RO)

Location: Haderalsrael

Footprint: 1000nx 50150m

Commission Dat2009
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M seaers Desalinatiory the Numbers 5@
(June 2015)

18,426200)

The total number of desalination \ptatdsvid€South America)

More thaB6.8million cubic meters per day
The global capacity of commissioned desplaragon

150
The number of countries where desalination is practiced

More than 300 million
The number of people around the world who rely on desalinated \

some or all their daily needs
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| StateoftheArtTechnology
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WorkingonditionBerformances

140 1h
- 25°C, 35% NaCl
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SEAERJ ROProcessTransporResistances5@
Concentratidtolarizatigi®dcaling: Fouling

Camada limite

— g4
Jy = D(ijdci : Suporte @
<—X:— Poroso £ —————— — — -
G =
) | /'o e k2 Solvente puro
) : ‘\ _8
I 0
I >
I =
" o
" Fluxo do
é é I permeado
I -
I
J
I p J 2
Fluxo da corrente I : Solugao
de alimentacao : !
(regime turbulento) ! b >
5 c. LT 1
e 'p Polarizagéo de Deposicies - Tempo
I 4

Camada seletiva
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M SEAERJ SeawateReversé@smosigSWRQ) j@
EnergyConsumption

Actual Operating

/ Pressure

3 ~10-20% of 11,

_U
I
—

1 2
@)

g g i Thermodynamic
" Theoretical sy
Minimum Energy

Pressure

Distance Down Module
(Percent Recovery)




Module Design
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SWRMembrane j@
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| seacrs Minimumrl heoreticaEnergy j@
of Desalination

A Reversibl@hermodynanfcocess

A IndependanftheTechnology Mechaniswf Desalination

o
S

N
&

—— 0259/ NaCl | |
e 35 /L NaCl
o 45 /L. NaCl

v, &

—
n
i

N
o

2000 2004 2008

(8]
i
i,
o

o
o1

o

Power consumption (kWh/m?3)
S
o
Minimum energy (kWh/m3)
o

x % v v v . 0.0:-lnl.l.lilil.l.l
1970 1980 1990 2000 2004 2008 0O 10 20 30 40 50 60 70 80
Year Percent recovery
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Demanda de Energia

Separacadvancada
(SemMudancaleFase Separaca@onvencional

a3
(3
o
()
@
A
o
@
@

}

2,2KWh/h 7,3 kWh/m
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SEAER] MulttStages Reverse Osmosisj@E

Concentrate

Permeate
/\, Reduces Energy but

IncreaseLapitalCostg!!
Feed mp
Energy saved by staged design
. / IFGarSNe. shirgy joss PracticaMinimunEnergy
H2= C “F=: ]3,\:7 e e :
4 1 Stage 1.56kWh/rh
H1 -
® 2 Stages 1.28KWh/r#
3
g b Stages 1.06kWh/rH
Q.
(Th Minimuri&nergy

Distance down module
(percent recovery)
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SEAERJ Pressuré&xchangeiBEX 5@

Agua salobra
n ]
mmm) Agua do mar

1200 Rotacao/mi
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SEAER) Energy Recovery /j@
Pressur&xchangers

Low Pressure Common Feed Line

High Pressure Common Brine Line
= < < = = <
X X % }E % %
High Pressure Common Feed Line
- i =4 i . ; <

High Pressure Common Brine Line

Product

<

Pumping
Center

\/
A

J93uan A1anosay ABiaug

X
=

<

Brine




SWROMembrane j‘@/
Moduldlements

1 6SWR@EIement

- Potentigbpacesaving$1315%)
- CapitaCostSaving$5-10%)
- TotalCoswofWateiSaving$4-6%o)

Loadingequire$peciakEquipment
andExtra Space

UneverirlowDistributioff-ouliny

SpeciaVesseldeeded
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Custo da Tecnologia

Contribuicatosdiversosomponentesgcustadeinvestimentotal
emumaplanta ddessalinizac§GAPEX)

Capacidade (L/s) | 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 4000 | 5000

ngaétD 11% | 11% | 11% 11% 12% | 12% | 12% | 12%
Bombas 8% 8% 8% 8% 9% 9% 9% 9%
Projeto e pessoal 11% | 11% 9% 9% 9% 9% 9% 9%
Tubulaéees 12% | 12% | 13% 13% 11% 11% 11% 11%
Vasos de pressko 1% 1% 1% 1% 1% 1% 1% 1%
Instalaélo e serviéos 7% 7% 7% 7% 7% 7% 7% 7%
Membranas 5% 5% 5% 5% 4% 4% 4% 4%
Construélro civil 14% | 14% | 15% 15% 16% | 16% | 16% | 16%

Equipamentos e materiais | 20% | 20% | 20% 20% 19% | 19% | 19% | 19%

Jurf@ico e pessoal 2% 2% 2% 2% 2% 2% 2% 2%

Pri-tratamento (MF/ UF) 9% 9% 9% 9% 9% 9% 9% 9%

DesalData
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Custo da Tecnologia

Installation & services 7.4% Design / professional costs 6.9%
;
Legal / professional costs 1.0% \ !

Intakes / outfalls 7.0%.__

Equipment

Pretreament 7.9% — & materials 25.4%

Breakdown of RO
capital costs

Piping / high-grade
alloy materials 12.3%

—— Membranes 5.5%

“Pressure vessels 1.5%
IIII.-

Civil engineering 15.8% Pumps 7.3%

Energy recovery 2.0%

Source: GWI| DesalData
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Relaca@ompletde Custos

Dessalinizacao (Ql)

__5 =

Custo da Tecnologia

Capacidade (L/s) [ 500 1000 1500 2000 3000 4000 5000

ltem (R$)

Capital - Total (CAPEX) | 12935096766 | 258.719.93532 | 388.079.90298 | 51743987064 | 970.685.10000 | 1294246.800,00 | 1617.80850000
Terreno 278728477 | 294622517 | 310516556 | 326410596 358198675 |  3809.86755|  4217.74834
O&M - Total (OPEX) 60.412.507,54 | 117.865.809,98 | 174.010.870,18 | 231.663.585,02 | 347.627.643,56 | 460.700.946,44 | 573.435.619,68
Energia 51.621.628,80 | 103.243.257,60 | 154.852.972,80 | 206.474.601,60 | 309.717.859,20 | 412.961.116,80 | 516.204.374,40
Pessodl 253016467 | 359863680 | 401448960 | 516021293 | 641018746 | 715564186 |  7.722.78144
Reposicrodemembranas | 1 ge631970 | 371263930 | 556895900 | 742527878 | 1253570472 | 1671427296| 2089284120
Demals custos operacionals| 4 ao5 4a4 37 | 731127619 | 9.583.448,69 | 1250449171 | 18.95489218 | 23.869.914:82 | 28.615.622,64
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. Tecnologias 5@
Agua & Energia

A Dessalinizacdo de Agua Salobra e Agua do Ntaras Fontes
Osmose Inversa (Ol)

Osmose Diretéd ForwardOsmosigFO)
Distilacapor Membranas
Eletrodialis&EDEDR

A Reusdndustrial & UrbanoMelhor Aproveitamento
A Reduzir o Consumo de Energlepacto Ambiental

Pressur®etarde®smoss ( PR O)
Processollibridos
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W SEAERJ ForwardOsmosiqFO) ‘5@
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