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ABSTRACT

Reverse osmosis (RO), is a system that purifies water by removing about 98% of total dissolved
solids, organics and heavy metals. However, it rejects large quantities of water with a raised
content of minerals normally called concentrate (reject water). At present, RO technology has the
actual producing water rate in the RO process as only about 50-75%, so it still faces serious
discharge problem of rejected water (Shahalam, Al-rashidi and Abusam, 2010).

The main objective of this project was to design and simulate a recycling system for the reverse
osmosis reject water for Coca-Cola Century Bottling Company-Mbarara branch. The project
encompassed a review of literature about the reject water and recycling systems, characterizing
and quantifying this reject water, design of the recycling system components for reject water,

simulation of the recycling system and finally economic evaluation of the project.

The project was carried out using different engineering principles, methods and equations. The
reject water was characterized using laboratory tests; the quantity was got from primary data as an
average of several months. The system was designed per component where: water pump and
distribution pipes were obtained using Darcy-Welsbach and continuity equation, the storage tank
was sized using the peak discharge of reject water. The caustic soda dosing pump was obtained
using the chemical dosage equation. The simulation was done in Arduino and Proteus. Finally, the
economic evaluation was done using benefit cost ratio analysis and payback period method.

It was found out that the reject water parameters, total dissolved solids (127<500mg/1), electrical
conductivity, turbidity (0.2<10NTU) were within the required national standards of portable water
apart from PH () which indicated acidity. A PH correction system was put to neutralize the reject
water with caustic soda. The average quantity of reject water discharged per day was 25m> and
peak discharge as 40m’, so the storage tank had a volume of 40m®. The project was found to be
economically feasible since the benefit cost ratio was 2.58 greater than 1 and payback period of 2

years.

The design once implemented, it will correct the PH of reject water to portable water standards
and eliminate the cases of corrosion in pipes and tank hence very safe for floor cleaning, car

washing and toilet flushing. This will reduce on the mains water demand and costs for the plant.
e e oo i =R S S WU = meee———seeee e eweewames




DECLARATION

I KEBIRUNGI STELLA hereby declare that, this project report on design and simulation of R.O
reject water recycling system, is a true work of my hands and has never been presented by any

person or institution for an academic award

Signature: ..... Cﬁ@ ..........

Date: 29:.08.:. 17

..........................................



APPROVAL

This project report has been submitted to the Faculty of Engineering for examination with approval

of my supervisors mentioned below;

Main Supervisor

MR. JOSEPH DDUMBA LWANYAGA
SIEMIBBIE. osoisiitsmmammmummnsisssas s RS SRR s
AR s o AR A T e m s R RS R
Co-supervisor

MRS. MARION ENGOLE

SIREBININE. vascisiarimmrsmmmesnennsssis s s ERUEE s amans

MBS cooniiniiniinammmmmsmenmms s i RS A s s



DEDICATION

I dedicate this report to my dear mother, Jennifer Katto Monday who has always inspired me to

reach this far. [ love you and I pray that you live longer.




ACKNOWLEDGEMENTS

I am very grateful to the Almighty God for His amazing grace.
Sincere appreciation goes to my Supervisors Mr. Joseph Ddumba Lwanyaga and Mrs. Marion
Engole who ensured that I acquired full knowledge and assistance where I needed.

I would like to thank the staff in the department of Mining and Water Resources engineering
Busitema University for the guidance and assistance during proposal development.

I appreciate my parents for the support they have extended to me in order to attain quality
education. May the Almighty God bless the work of their hands.

Special thanks go to the staff of century bottling company-Mbarara branch for giving me an
opportunity to carry out my research from the plant especially Mr Moses Ssebaale, the quality
assurance manager, Mr Stephen Muyamba and Mr Baraka Ordrew for the knowledge I acquired

from them.

Finally, I give credit to my fellow finalists who have always told me inspiring words of counsel
and wisdom. May the Good Lord bless and reward them with success.




LIST OF ACRONYMS

R.O — Reverse Osmosis

CBC- Century Bottling Company
T.D.S- Total dissolved solids
E.C- Electrical conductivity
Mg/1- Milligrams per litre
NTU-Nephelometric units

NWSC-National Water and Sewerage Corporation



LIST OF FIGURES

Figure 1: Showing a PH test with PH meter Figure 2: Showing a TDS/EC/salinity meter........... 16
Figure 3: Graph comparing reject water in Kuwait and CBC ..., 22
Figure 4: A graph showing variation between dosage and PH...........coocurincinmiiiniineicencsccciassieenne 27
Figure 5: Showing the PH correction results of RO reject water . 29

Figure 6: Showing the design of the whole recycling system in solid Works........cccccvvreieiccniiccinnniienennn. 30

Figure 7: Showing the simulation in Proteus ... onsassone 31



TABLE OF CONTENTS

BIPBEIV AL ccocoiissinisinisssoniinsiniiissimmmmmsn s A S A T A SRR KRR ii
DRI A TION ittt A UN  a RE A RSS N S SSBSR iv
ACKNOWLEDGEMENTS .........ccoomenees RO bt o SO, v
LIBT IO FUGUIRELS... oo comres oot s biis A s s s s oS B A o mprmrn s vii

1.1 Bockuround O ST i s s S AR i eSS R b

] 2 Prol e S I B oo i s nenannrom s o e e S L TS BT i mmammm E o s S B A S 2
1.3 M0 ORI it mseon s s NSRS R B AN S S A i b 2

1.4 BDECHIE OIJBEIIVEE. .. on e ronsososmosmsmmsosssisntos s o o S e oA A i

o

1.5 TUSTITTEATION oo roeomomysnwiompnsisimice it s i iR TS s s oA SN S NS e g S

ti.u[
.
.
.
.
»
H
.
.
.
.
.
H
.
.
.
.
H
»
.
H
.
.
.
.
.
.
H
.
H
h
.
.
i
'
.
.
1
.
1
.
.
.
.
»
H
H
H
v
.
.
.
.
i
.
.
»
.
.
.
.
.
.
.
H
.
.
»
.
.
.
.
.
H
.
.
.
.
H
.
H
H s

20 LITER ATURE REVIEW oot s st s s sesssin s st S s Saons

2.1 Water characteristics and COMPOSITION........ccuveeerireecereieeerecrcesseasssssesseesessnessssenns

(V5]

2.1.1 Importance of 7ecYCHNE TEJOOL WBEE .....comsissiimisiomitsniestsasmassosnrssasnesssvossssiasssasiiasssssishbssonmsaons

2.1.2 Sampling TochiiaUEs. .. .. .oocommerasosvsssssoiisionsssicsiesssinisiis imssnammissantesmsmmsiads

2.1.3 QuantifiCRIIOn OF PCIETt WBEEE  ....ossiicsiiasssessiasiiominsbarmansssmpsssstssssasssisssisssbsisosiinsiossiemenmmpasnonss

2.2 Design of system cOMPONEntS.......oeveceeceieeccerenseecerasens

FCTE S T~ N U 9

Existiiig RO PeOOVRTY SPRIOIR «.csoiiiisiioisriiisinsssenssammsssonsnissshoss s S isis disUhmiinisi sy nimmmesssssyiasssnpsni
2.2.2 Designing of the components of the recycling water reCOVErY SYSLEM .........ceeveeeeerrraeneesenanans 11
2.3 Simnlaiion OF Hhe BSTEIM .. immmasssesumsssn s s i ST s e e s s A SRS SIS 13

2.3.1 Reasons for the interest in simulation applications .. w3

2.3.2 Differcat types of simulation DrOEIING. . ..isisiisismiiviivisssmmmasmsnesssssssmsrsssissssnsiisississasiion 1 3
2.4 Economig aBATYEIS i mammrmsrsnsassmsssessssmnssiis s s sl imaspsnmas s i s o oA R oA 14

241 Bonelit cOSEARAIVEIS i 1omre e mssressrensssssssimnssssi st snsiissiiibamas resmsasms arsssbs i i chkes s oW N S an e
242 Pay DaCk THEOR. i i mmmm s s smpansassiesss i i v b g s memmam s S RS .14
24.3 Interaal Tale OF PEUIIIL.....onvorcorsmsniscssvsiins ssiassssssiins ssiiissapmansppnssns sy s s s iaiadss s s issnpsrmymesnmes L




SO METHODOEIKGY coearrisisisivississsssnmsmmnnmti A ississssmsess o sis i iy a s oasis

3.1 Characterisation and qUANITICATION .ccccccismomsmmsmmessissmnsssisssssimsimnserssasnsassisassstssoiosissrestsnnsonmrasnssssas

3.2 Compoutmits SEEMM .o cmmmmmsiiiiidismmasmssms e e AR e astoass

3.3 Simulation of the system oL o PN 18

3.4 Boononiic analyshs oF thic PROJEOE........iumscmmsicmsmasraribisissssiiiimssiissomsoamspenninibissiiiivicisssins
3.5 Metliods of dat COMEOIION ..commmmmmissisasiiisisssinssunmsmpnsvemssibl oS esmsnsmmen WA et
4.0 DATA PRESENTATION, ANALYSIS AND DESIGN .....ccocoiencnens

20

4.1 Reject water characterization and quUantifiCation ... iieircnicre s st eessas s seses 20

4.2 Design of reject water recycling system components. ........... RN S o

4.2.) Shorags Gk QEalm ... siiammmmmmesnes RS e A SRS AR
4.2.2 SIrng OF the PHPEE ..o nvreremmmsssiidiisicitinssssmssommsmmmmnsss ’ e

4.2.3 Selortion of THE PUBED .ccnmsmosiitiiisamasmmstossmmmssasseits o Gl e et bEs O
4.2.4 Pump sizing A oA P e R AR

23

23
.24
24

26

4.2.5 Caustic 5008 dOSIOE PUID WL ..rmvenriiiciimiiissmsicssmemmonssyyassesisbisshniasii asssaiiv iasomsmssemsmansmamsiisivs 26

4.2.6 Design of the RO reject water recycling system in Solid WOTKS..........cocovieeinrennnnscinssennsessnens
4.3 Simulation of the RO reCYCHNE SYSIEM....c..coouirmeirreeireeeesisaenseessssansrsnsssesssssesssssssnessssssassesesssensessensen
4.4 Economic analysis of TIe Profoct. .. i mmammerssmmssismissiisssarissesssnsssssesranmsasarsassassfsssbsissivessssomninms

44,1 Bill of guantities [BOUN .......ococsaiimmnommmemmsmssprmsesi sk ciiiaaisassissssosseprmmesssfasss st

4.4.2 Total annual Benefits........c.oooiicininnicniinccniieecenene OUSS e S.

4.4.2 Benchit coat alRIVEIR ....ommssermressiissiiimsussmummsnsssmansnysessisuisiassin
4.4.4 Payback period ..

5.0 CONCLUSIONS AND RECOMMMENDATIONS .......ociininrnsiesnsseseseesesssssesssseseasasssssne
5.2 BECOMBIERDATIONDS . onociosiissssicusissmsimsommemmmnnmssbis o i s s exsssmstisiosis
BPPERRIK ..o tisismissamamsmmsemmmmibi i s s Rt s




CHAPTER ONE

1.1 Background of study

Reverse osmosis (RO), is a system that purifies water by removing about 98% of total dissolved
solids, organics and heavy metals. The main application is for desalination, however it is also been
used in filtration, removal of microorganisms, hardness, volatile organics and soluble organics in
over 4000 land based plants(Treatment, 2005). However, it rejects large quantities of water with a
raised content of minerals normally called the concentrate. At present, RO technology has the
actual producing water rate in the RO process as only about 50-75%, so it still faces serious
discharge problem of rejected water (Shahalam, Al-rashidi and Abusam, 2010)

To meet more stringent water quality regulations and high demand of beverage in Uganda, the
Century bottling plant in Mbarara has two water treatment plants that is, conventional and reverse
osmosis. National water and Sewerage Corporation is the only source of water for the plant as the
borehole is no longer in use. The reverse osmosis plant uses a lot of water to meet the plants
demand and drains about 25-50% reject water/ concentrate to waste water treatment plant using
the activated sludge system. This has in turn increased the volume of wastewater treated by 25%
leading to high costs of wastewater treatment. The waste water in the sludge reactor turns from the
golden brown color to black indicating the failure of the system, that is to say the microorganisms
die and definitely the plant starts to bring a hydrogen sulphide (rotten egg) foul. This is because
the reject water exceeds the design flow, which was initially not there since the reverse osmosis

plant is still new.

According to the survey conducted with the plant attendant, averagely 20m> and even more of the
concentrate is rejected per day. This reject has same sanitary qualities as portable water apart from
the raised mineral content and unlike rain and the condensate(Liu, Wei and Lu, 2000); the RO will
always reject water at a relatively constant quantity. The reject water has not been put to any
effective use or recycled, which makes it very meaningful to develop highly-effective reject water
recycling system to compensate the deficiencies of RO and realize water saving and wastewater
treatment costs reducing. (David ef al., 2013)
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