@ UTM INSPIRING CREATIVE AND INNOVATIVE MINDS

www.utm.my

Specialized ShortiCourse on S EEgs
MBRA EMECHNOLOGY,
fﬁ? Water,an'dWastewatr Treatment

™ .mull!{ \

l' ' A / L
A B - 27 28*June 0) (4 -5 Rajab'1430 H) -
,gd'»f* ‘ ' !

IE’””CG‘Kha“d b|n Sultan!Chair.for Wa'ter Research T

C|V|I Engineering E)eartrﬁ‘ent {IAY36
College nglneerl 3&9 g Saud UnlverS|tyI

‘\,_ o

------

/.



www.utm.my

Design

o ‘/‘/r ; ,y'

,}
’y/ Mm

aa Pth pEng W ),.&C«rEng“&(UK) C.Sci. (UK), CWEM'(UK) MIEM; DNS, PP|

P
Inst|tute of Enwrenmental and\\Water. Resources

/4 [lﬂiﬁ!m- | Te Iegl IMalaysia

g

@ UTM INSPIRING CREATIVE AND INNOVATIVE MINDS

WA SIDA as’ Demsmn upport System E

e ¢

‘.

i Prof Dr Ir\Zalnl Ujang/ \

anageme PIPAS/

BH o



. ORAN ”’"/‘Ukﬂ
. 3 -
S’ UNIVERSITI TEKNOLOGI MALAYSIA r eS e n ta.t I O n I\/I e n u

www.utm.my

* Decision Support System
* DSS Objectives
 WASDA & MBR in brief

* Procedures

* Results

 GROUP ASSIGNMENT
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* Interactive computer-based tools used by decision makers
since 1960s to help answer questions, solve problems and
support or refute conclusions

« Concepts: Spreadsheets, databases, networks,
hypermedia, expert systems, visual programming, intelligent
agents, neural networks, etc.

« Potential to improve decision quality, competitive edge,
time-saving and productivity when users have both sufficient
technical knowledge of the system and enough experience
of the job.

* Widely used for the solution of various engineering and
management problems
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G Objectives

« WASDA as a decision support system for
designing membrane processes

* Practice designing Reverse Osmosis (RO) and
Membrane Bioreactor (MBR) systems.

* To perform tasks as consultants, design
engineers and policy makers in relation to

membrane Processes
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WASDA In Brief
S”/Qk,moc\\“} UNIVERSITI TEKNOLOGI MALAYSIA

www.utm.my

-  Wastewater Treatment Plant Design Advisor.

« DSS was developed by IPASA-UTM, esp. for wastewater
treatment plant design and decision making

« Contains 2 main parts:
. (a) Knowledge / information base
. (b) Design calculation spreadsheet

* Provides conceptual & process design recommendations for
conventional wastewater, primary, secondary & advanced
treatments — proposed by best practical manuals / public
authorities (sewerage services / environmental control).

« Mainly focused on municipal and industrial applications to
produce conceptual and process design for primary, secondary
and advanced treatments.
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WASDA Development Process

Domai_n analyses Software Develc_)per/ USES Conventional Computer
Expertise |¢ Knowledge Engineer » Programming Language
observes (Microsoft Visual Basic 6)
build
refine _
: uses - Design
Design / Textbooks Human test Engineers
Best practice / Manual Experts
manuals
- Regulators
Department of WASDA |« Users ’
Environment
- | | Contractors
Department of Sewerage
Services _
Suppliers
~ UTM Professors
Professors
| Students
| Consultants
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wasDA Flowchart of
¢ WASDA

Types of vxllastewater

Industrial wastewater Municipal wastewater
! |
. . <
Chemical / ph|y5|cal process? Population 20,000 >
il } Equivalent?
N o > 20,000 v
Equallzlatlon tank Neutralization tank Biological process
v v Conventional Activated
Coagulation tank Neutralization tank Sludge
[ [ !
Neutrall'zation tank Biofilm system Activated sludge system Natural process
\ 4
I
¢ ¢ ¢ Rotating — Conventional Constructed
Biological Activated Sludge Wetland
Membrane Biological process C
ontactor .
process — Extended Aeration Waste
| . Stabilization
| | | Sequencing Pond
Reverse Membrane . . Batch Reactor
. . Biofilm Activated sludge Natural
Osmosis Bioreactor svstem
System y process — Oxidation Ditch

— Conventional
Constructed Wetland

Rotating Activated Sludge
Biological | — Extended Aeration Waste Stabilization Pond
Contactor

L Sequencing Batch Reactor
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RO Modules

Data Input

Start

| Login Screen (Fassword required) |

| Select Design Caleulation Iwlenu |

Design Caleulation

for Industrial
Wlastewater
Treatment Swstem

Design Calculation
for hluanicipal
Wastewrater
Treatiment Swstem

I—l—l

I—l—l

LIER* |

IEEE

| LIER* | | RO

Input Frame |

I—I Inpouat Frame |—|

Flowrate

Design Fatrameter:
BOD, TSE, TH,
TP, Q&G

Effective
Mlembrane Srea,
Diesign Flux etc.

Design Feguirement
for Oargen
Ahzorption
Efficiency

Design Feguire ment
for Scouring
Lilembirate Sutface

Diesign Feguirement
for &ir Diffuser in
Aeration T atlc

(M itrificatio:sm)

Tanlk Dimension:

- MMembrate T ank
- &eration Tank

- Balancing Tank

| Tons & Jalt |

ﬂ Contaminant |

hlolecular
Wireight

—| T emperatuare |

Data
Processing

Data Output

ERiO*

| DOatpuat Frame |

| Output Frame |

Constard
walues

Safetsr
Factor

| | DIdembrane area
- each element

4 Fejection of
Contaminants

I Feed
concerdration

Coefficient of
Wilater
Fermeation

Operating
Freasre

Pipe Size: Pipe to
Mlembrane Tank,
Aeration T and:,
Balanvcing Tanlk, and
Permeate Pump

ﬂ ERecowersy rate

Percent removwal
H for BOD, TAESE,
TH, TP, O&

~l FPollatant loading |

D smotic
Pressure

IMembranie area
recuited

Mumhber of
membratie S wnit,
Dezign MLESE in
Il embratie tatl
FrIwl

DarEen

H Eeguirement for
Respiration &
Mitrification

~| Wilater Flux

Ilembratie
elements
recuired

FPermeate
flowar atnd
concertration

—

DOperating Costs

- & eration tank

- Bocouring
memhratie
swuface

- hlixing of
Balanecing tanl

- Pipes

‘I Capacity of Egquipments

—| Tanlk Wolume |
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,( UTM Design Procedures
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IlJllJllJ.Utm.my ﬂ RO Unit Design Calculation - lons & Salt 5[
~INPUT
Contaminant | Sodium Chloride  Na. uflunsl 2 Molecular Weight I 5845 gigmol
Feed Flow I 15 galimin Feed Concentration 800 gl
0 Coefficient of 148 -6 2
Temperature I 25 C Water Permeation ¥10  amalfem s atm
gzmg:ﬂ“e Area for Each I 2400 #* Operating Pressure 300 psi
Cal C u I atl O n Rejection of Contaminants I 99 % Recovery Rate Required I &0 Yo
Screen for -ouTPUT
' —Stage 1
. -5 2
RO MO d u | e Osmotic Pressure I 9 psi Water Flux I 3762 3107 gmol fem” s
2
I & S It Membrane Area Required I 1506.01 4 I'I.I'Ieml_lrane Elements I b
O n S a. Required
Removal otz = — .
Osmotic Pressure psi Water Flux w10 gmal fem s
I 2
Membrane Area Required 78301 4 I'Il.lﬂeml_:lrane EEGES 3
equired
—Permeate (Product)
Permeate Flow I 12 galimin  Permeate Concentration I 10.94 g/

Feszet | § Operating Costs |

Design Flow | Conversion Unit |
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©UIM Design Procedures

ﬂ Operating Costs Estimation

www.utm.my

~INPUT
Plant Capacity 21600 galfday Operating Pressure 300 psi Recovery Rate I 8 o

—Energy
Efficiency of Pump I 0 g Recovery of Feed Pump by Energy Recovery Equipment I 15 g

Cost of Electricity | 25 RMikh

~Membrane Replacerment
Cost

2
METian Custl 500 RMA® Membrane Production Rate| 7405 gal i .day  Membrane LifEI 3 year

Estimation o
SC reen fo r Labour Cost per Hour I 5 RM/hr  Hours per Shift I 8 hushif Shifts per Day I 2 numberfday
RO M 9) d u I o Workers per Shift I 2 number/shit Labour overhead I 15 %
lons & Salt [ Spare Part
R | Cost for Spare Parts | T RM /1000 gal
emova —Pretreatment and Posttreatment
Cost for Chemical I 1 Rhd/1000 gal Cost for Filters I L Rh#1000 gal
— Other
Other Costs | 1 RMA000 gal
- QUTPUT

Operating Costs | 2019 pM /1000 gal

Qalculatel Eeset | Results Summary |@if|
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,( UTM Design Procedures

IlJllJllJ.Utm.my E| Besults Summary x|

Project Name |Skudai 1 plant

Person In charge IAhmad

Contaminant Removed ISndium Chloride

:

ReS u It Plant Capacity 21800 galiday Feed Concentration I B0 g
Su mm ary Temperature I 2% % Operating Pressure I 300 psi
SC reen for Rejection of Contaminants I 9 oy Recovery Rate I 60 %
RO Module:
Membrane Area for Each Element I 250 42 Stage of Processes I 2
lons & Salt
Total Osmotic Pressure I 27 psi Total Water Flux I 74.03 galfﬁz.daj,f
Removal
Membrane Elements Required I J
Permeate Flow I 17280 galiday Permeate Concentration I 10.94 mgiL
Operating Costs I 20.13 RM{1000 gal

8
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X E InE | MALAYSIA
I n \MSBM | ﬂ Membrane Operations

The term membrane operation is recommended rather than the term membrane
process. In general, a process is supposed to consist of two or more operations. A
membrane operation can be defined as an operation where a feed stream is divided

Other Info In WASDA

X

Term Membrane Operations

L« LI

Type of Membrane Operations

A general classification of membrane operation can be obtained by considering the
following parameters:
1. Driving force

LT

Pressure-Driven Memhbrane Operations

|nf0rmati0n These are membrane operations in which the driving force is a pressure difference il
across the membranes.
Screen fOI’ P 1. Reverse Csmosis (ROD). Reverse osmosis is a pressure-driven membrane
[
RO mOdUIe @I Table: Comparison Between 4 Pressure-Driven hMembrane Operations

Permeation Operations

These are membrane operations where the driving force is activity mixtures. WYWhen
applied to solutions, it is the solvent which is transferred through the membrane.
1. Gas Permeation (GF)

LT

Dialysis Operations
These are membrane operations applied to solutions in which it is the solute which
is transferred through the membrane. The driving forces is an activity or an electrical
potential difference in the absence of any trans-membrane pressure difference.

LT
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UIM Design Results

www utm my Wi Design of Membrane Bioreactor - Industrial Wastewater Treatment (Part 1)
- -
File Run Tools
INPUT (a)
Influent
Average Flow A | mi Daily Maximum Flow |48 ~ mid || Effective membrane area 08 x| mdpc
Design Parameter Working factor of suction pump 08 -
Influent BOD 2600 +mg/  Effluent BOD 10 ~|mgl | Type of membrane unit ES|125 ~
185 1500 ]' = T35 0 ]' Mgl | Required number of cartridge 125 | pieces

T-N 300 ~|mgl T-N 10 j' Mg | MLSS in aeration tank 10000 =| g
1.P 200 % mgﬂ T.P 10 i mgf|

BOD volume loading 2 v kgm_3d_1
0il & Grease |600  ~{mgl 0il & Grease |10 [ mgn

I n p u t SC r ee n fo r Ratio between oxygen utilization & BOD removal 05 -
# Return Sludge Ratio |3 T Theoretical TN removal |30 v|y | Endogenous respiration rate 007 ~
MBR module -

Critical flu 04 +| g Average DesignFlux |02 *|mid | Ratio of MLVSS to MLSS 075 -]
P art 1 Oxygen Absorption Efficiency
Aeration Tank Membrane Tank
Water Depth m m Water Depth m m
% absorption for water in zero DO B ~|% % absorption for water in zero DO m%
Ratio between % absorption for sludge & water m Ratio between % absorption for sludge & water m

Click to see next data Save | Next
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www.u t m.m y Design of Membrane Bioreactor (MBR) - Industrial Wastewater Treatment (Part 2)
lle
INPUT (b) ™
For scouring membrane surface Pipe Size [
Air flowrate/cartridge |10 | min.pc Gy conc. of air (20°C) | 0-2683 ~| kg/m? Pipe to Membrane Tank 50 vlmm
Air diffuser for aeration tank (nitrification) Pipe to Aeration Tank 40 | mm
Specific air flowrate |5 v| mh Effective length of |05 ¥ m/pc
diffuser Pipe to Balancing Tank 40 | mm
Tank Dimension Permeate Pump
Aeration Tank Size of discharge pipe 25~ mm
I n p ut SC reen Number of tank Length 400 x|m

Width 180 ~[m Height 285 «|m

fO r M B R Membrane Tank

# Number of tank Length m
mOdu Ie - Width 120 ~|m Height 2685 «|m

P t 2 Patancing T Click to see next data
ar Number of tank Length EO0 = |m

Width m Height 250 =|m

Size of suction pipe 50 “Im

2]
oo
4

alell

RNRNN

Save ‘ Previnus‘ Next

/ 1 mm Bar Screen _GT) Final effluent
— | &
fi)
Influgnt —— Bal?ncli(ng ‘ Agrratiokn Me?brine
an an o

Membrane Unit

FRetum Activated Sludge
| A
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Design Results

I.IJ |.IJ IU . U t m . m y Bl Design of Membrane Bioreactor (MBR) - Industrial Wastewater Treatment (Part 3)

Fle Run Tools

OUTPUT (a |
Design Parameter |
% BOD removed e % % TP removed %5 % Design MLSS in Membrane Tank 13333 moll

9.7 i 98.3
%o TSS removed %  %0il& Grease removed % Design BOD-SS Loading or F/M ratio I
% T-N removed &7 %

Pollutant Loading Oxygen Requirement for Respiration and Nitrification

tity of BOD d 52 I
Bop |2 kgld ss | kgd TN kyia || Quandey of BOD remove kgld
Oxygen used to provide energy for growth E kgld
13
1
45

Oxygen used for endogenous respiration

E
O u t p u t SC r ee n Calculated Number of |125 pieces Calculated Number unit o otal ’B— :g::
Membrane of Unit Xygen tota g
for MBR

Air flow rate required for scouring membrane surface Air flow rate required for aeration tank

I I lo d u Ie - Total air flow rate 125 mmin | OXygen for nitrification I kg/d
Air diffuser for nitrification tank
P art 1 Oxygen Transfer Rate 1369 kgid

Oxygen transfer rate 1.81 g/dpc
18

ki
pcs
075 mgrmin

DesignTank Volume Required number of air diffuser =
Aeration Tank 5

Required air flowrate
m® Design volume |{13.08 m’
h

—

HRT FERE
T
e

Theoretical tank volume |!
Membrane Tank

Balancing Tank

Design volume 3 m HRT 10.68 h
]

Design volume m HRT

u_| Click to see next data u_|

Save ‘ Previous‘ Next

o | Sii
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UIM Design Results

I.IJ |.IJ IU . U t m . m y Bl Design of Membrane Bioreactor (MBR) - Industrial Wastewater Treatment (Part 4)
File Run Tools
OUTPUT (b) -
Capacity of Equipments —
Air Flow Rate for Mixing of Balancing Tank 35 m3h Wastewater W m3min Permeate pump [0015 msfmin
062 i Feed Pump i :
Membrane 1.25 mimin  Aeration Blower |[1.37 mfmin
blower
Pipe Size
Membrane Tank Permeate pump
Velacity of an air feed pipe to the membrane tank UE m/s Velocity in discharge pipe 05 m/s

Output Screen Air flowrate

Balancing Tank

1
125
fO r M B R # Velacity of an air feed pipe to the balancing tank 82 m/s Velocity in permeate suction pipe 09 mls
0
3

Flowrate in discharge pipe 0015 m? fmin

. ] 3
m O d u Ie — Air flowrate B2 m/h ’W memin

Flowrate in permeate suction pipe
Aeration Tank

Velocity of an air feed pipe to the aeration tank 3 mis
Part 2

. 3, : |
Air flowrate 07 mth Click to see next data { Calculate | Save ‘ Print ‘Previous‘

/ 1 mm Bar Screen Final effluent
| £

Aeration Tank Membrane Tank

Have = X mid
Influgt ————y Balancing Tank
v 3

]
y=| 1908 m3 ya B9 m3 Membrane Unit

Return Activated Shudge

o | i
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Validation

E| BO Unit Design Calculation - lons & Salt

~INPUT

Feed Flow I 15 gal/min
Temperature I

Memhrane Area for Each

Element I
Ii

Rejection of Contaminants

Contaminant | Sodium Chloride  Na. uflunsl 2 Molecular Weight I 5845 gigmol

Feed Concentration 600 rrgL

. -5 2
Coefficient of I 19 o gmol feni”.s.at
Water Permeation

Operating Pressure I 200 psi\

Recovery Rate Required I &0 S

1T

25 °c
250§
93 ot
-~ OUTPUT
—Stage 1
-5 2
Osmotic Pressure I 9 psi Water Flux I 762 310 wgmol fem” s
2
Membrane Area Required I 1506.01 4 I'ﬁl'leml_:ra;e ez I B
equire q
™N
—otage 2
-E 2
Osmotic Pressure I 18 psi Water Flux I 36.48 10 gmal a'f?ﬂ\.c.\\
I 2
Membrane Area Required 78301 4 E:&?::;E ElBenE 3

—Permeate (Product)

Permeate Flow I 12 galimin  Permeate Concentration I 10.94 g/

Design Flow | Conversion Unit |

Feszet | § Operating Costs |

I

Change Operating Pressure to
evaluate change in Water Flux

Reactor
Volume
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Validation of Output:

Descriptive Statistic Analysis

Manual Calculation WASDA
Mean 0.337785 0.337788
Standard Error 0.024246 0.024246
Median 0.341284 0.341287
Standard Deviation 0.059390 0.059390
Sample Variance 0.003527 0.003527
Kurtosis -1.126304 -1.126312
Skewness -0.213180 -0.213190
Range 0.158761 0.158762
Minimum 0.254017 0.254019
Maximum 0.412778 0.412781
Sum 2.026710 2.026726
Count 6.000000 6.000000

INSPIRING CREATIVE AND INNOVATIVE MINDS




«\NM UNT(,
& %,
5 =,

g %
w <
x 4
° L

<
&
7
NO

(%’ 7 \OC\\@‘; UNIVERSITI TEKNOLOGI MALAYSIA G ro u p DeS i g n AS S i g n m e n t

www.utm.my

Problem statement:

Water resources for Seremban, Nilai and Port Dickson to are to be upgraded in
terms of resource availability and water quality. The existing dams (3) are
no longer sufficient to provide enough volume for 2010. There are 2 options
to meet this requirements, and for upgrading for 2015:

1. A new dam which cost RM1.2 hillion located in a reserved forest in Jelebu
district, or

2. An advanced water treatment plant, located downstream of Sungai Linggi.

Task:

As a consulting group, you are assigned to evaluate the feasibility of using
membrane systems. Your opinion will be evaluated in a group presentation
session, based both on technical and financial aspects.
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