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ABSTRACT

Name :- EL Baraa Louye Elsayed Mohamed Elghazy

Title :- “Production of Desalinated Water & Electricity Using Algae
Ponds”

Faculty : Faculty of Engineering, Ain Shams University
Specialty : Civil Eng., Public works Department

Summary:

Water and energy are two of the most essential resources for human life on
earth. With the growing world population, water shortage and fossil fuel depletion
have become tangible threats. Seawater desalination and renewable energy sources
represent an effective and long-term solution for the ongoing exhaustion of fresh
water and energy sources. Most methods of desalination and energy production have
technical, economic, and environmental drawbacks. This study presents a new
environment-friendly approach for electricity generation and desalination using
microalgae.

Electricity production and desalination using the freshwater algae Chlorella
vulgaris were first investigated on a lab-scale and then tested again on a larger scale.
Lab-scale electricity experiments involved constructing a bio-photovoltaic cell that
uses an algal biofilm as an anode. The cell was investigated under conditions of
varying salinity, cell height and anode to cathode distance. Desalination by C.
vulgaris was examined by adding algae to water samples with different salinities
and measuring the salinity level hourly for 12 hours. To test for practicality, a
larger-scale pilot experiment was done examining the potential of C. vulgaris to
simultaneously cause desalination and energy production and to determine the
design equation for such system in algae ponds.

Regarding energy production, the proposed algal bio-photovoltaic cell
produced a maximum of 0.12 W/m2. The best output was at an anode-cathode
spacing, height and salinity of 2 cm, 15 cm and 20000 TDS respectively. In
addition, salt removal from all samples was achieved at varying levels and times
depending on the starting salinity. According to the results, C. vulgaris requires only
50-60 hours for desalination through a multi-step process. The pilot scale
experiment succeeded in achieving the lab results. Furthermore, a model was



designed based on the experimental results and produced two equations. The first
yields the removal efficiency according to inlet TDS, retention time, and number of
basins in the series. The second provides the amount of produced electricity
according to inlet TDS

In conclusion, the proposed system provides a , rapid, and clean method of
desalination and electricity generation using the green algae Chlorella vulgaris.

SUPERVISORS: Prof. Dr. Mohamed El Hossieny El Nadi,
Dr. Nany Ayi Hassan Nasr
Dr. Ola Deyaa Salah Eldin EI Monayery

KEYWORDS: Algae ponds, Desalination, Electricity production,



TABLE OF CONTENTS

INTRODUCTION ...ttt 1
11 INtrOAUCTION ... 1
1.2 Study ODJECLIVES.......eeivieiiciecree e 2
1.3 Scope OF WOTK .......ooeeiicecc e, 2
131 THEORETICALWORK .....ccooviiiiiiicee e 2
1.3.2 PRACTICAL APPLICATION......ccovvevieerceiennen, 3
1.4 Thesis Organization...........cccecvveveeveiee s 3
1.4.1 CHAPTER I: INTRODUCTION ......ccoovvviiiiiennnn, 4
1.4.2 CHAPTER II: LITERATURE REVIEW. ................... 4
1.4.3 CHAPTER IlI: MATERIAL AND METHODS. ........ 4
144 CHAPTER IV: RESULTS OF EXPERIMENTAL

WORK 4

1.45 CHAPTER V: MODELING OF ALGAE PONDS....4
1.4.6 CHAPTER VI: DISCUSSION ......ccccovviieiiiieieene,s 5
1.4.7 CHAPTER VII: CONCLUSION .....cccovvieiiiiiiiennne, 5
LITERATURE REVIEW. ..ottt 6
2.1 INTRODUCTION ..ot 6
2.2 DESALINATION Methods & technique...........ccoveueenee. 6
2.2.1 Mechanical Methods: .........ccoovviveriiie i, 7
2.2.2 Solar methods ........cccevvveiiciecc e, 11
2.2.3 Drawbacks of conventional Desalination................. 12
224 Biological desalination ............ccocoeevenininnniciienn 13
2.25 Desalination using Algae ponds ...........c.ccoevvveienne. 14
2.3 Production of electricity USING ALGAe .........cceovenee. 16
2.3.1 Microbial fuel cells..........ccoovviviiiiiee e, 16
2.3.2 Types of microbial fuel cells (MFCS) .......c.ccccvnee. 17
2.3.3 Difficulties facing bio-photovoltaics..........c...c......... 19



METHODOLGY ..ot 21

3.1
3.2
3.2.1
3.2.2
3.2.3
3.3
3.3.1
3.3.2

3.33
experiment

3.4

34.1
3.4.2
3.4.3
RESULTS
4.1

4.2

421
4.2.2
MODEL
5.1

5.2

5.3

5.4

5.4.1

5.5

DISCUSSION

INTrOAUCTION .. 21
LABSCALE ..ot 21
Algae CUlLUIe........cocoieecececece e 21
Power output investigation ..............cccceveveiieeveernene 24
Desalination investigation .............ccceevveveicievvennene 30
PIHOL SCAIE......ovieie e 32
Large scale CUltUre..........cccooveveee e 32
Biofilm formation ..........cccccooeviviiiiiicee 33

MEASUIEMENTS ...t 36
TS s 36
HemMOCYLOMELEr .....cccveeiieeee e 38
Other measuring deviCes ........ccccevveveiieveerie e, 38

............................................................................................ 45

OVERVIEW........co e 45

EXPERIMENTAL RESULTS ..o 45
Laboratory scale results...........cccoceviviiiiiiiiicnen, 45
POt FESUILS ..o 59

............................................................................................ 61

INTRODUCTION ...t 61

MODEL DESIGN .....cooiiiiiie e 64

MODEL DETERMINATION.......coceiieeeeeeee e, 64

DESALINATION EQUATION GENERATION .......... 66
INPUL SCIIPLS....ceeiieiiecec e 66

ELECTRICTY PRODUCTION EQUATION ............... 69

.......................................................................................... 72



6.1 INtrodUCHION ... 72

6.2 EXPERIMENTAL RESULTS ...ccoccviiiiiieeece e 72
LY, Lab scale results diSCusSion...........c.cocvveiirenieiiennn, 72
6.3 PILOT RESULTS ..ot 82
6.4 MODEL ANALYSIS ..ot 84
6.4.1 Model Verification ..........ccoceveieieninininisseeen 84
CONCLUSION ...ttt e 88
7.1 INTrOAUCTION ..o 88
7.2 Recommendation ...........ccocueeirieieiese s 90
7.3 Further and future WOrk ..........ccooceveveniiencncsesees 90

REFRENCE ... 91



LIST OF TABLES
Chapter 3 Methodology

Table (3/1) Chemical constituents of used media types..........cccccevvenenne. 22
Table (3/2) different scenarios performed to test the production of
BIECHIICITY ..t 29
Table (3/3) Initial salinities of the ten different specimens............c......... 30

Chapter 4 Results

Table (4/1) Comparison between results of UST and BG11 after 7 days 46
Table (4/2) Growth of Chlorella vulgaris algae in large scale unit for 8

07 LSRR 48
Table (4/3) Hourly TDS measurements for the ten specimens................ 50
Table (4/4) Produced current from the three cells...........ccccevvieivennne. 60
Chapter 5 Model

Table (5/1) Data used for analysis...........cccccovveveiieiieie e 65
Table (5/2) Constants used for equation corresponding to each zone...... 69
Table (5/3) Data used for analysis..........cccccervereiieiiieienieseee e 69

Chapter 6 Discussion

Table (6/1) Calculations of the removal efficiency.........cccccceeevvieivenenne. 76
Table (6/2) Calculations of the retention time ..........ccccccceevveviiiiicvieee, 77
Table (6/3) Desalination Execution calculation.............cccccovevieiiievinnnnn. 79
Table (6/4) The additional experimental work for Verification............... 85
Table (6/5) Results of model verification ............ccccoevvvieiieiiice e 86

Table (6/6) Electricity data and verification .............ccccocevveevieiieccneenn, 87



LIST OF FIGURES

Figure (2/1) Multi stage flash design .........cccccvveveiievicic s 7
Figure (2/2) Multi Effect Desalination [4] ........ccccooevviveieenecie e 8
Figure (2/3) Vapor compression [5]......ccccccivereiieiieeie e 9
Figure (2/4) Indirect freezing process [8] ......cccvvveveiiieieeie s s, 10
Figure (2/5) Solar Gradient PONGS..........ccoovreriiinieiene s 11
Figure (2/6) General MFC configuration ............ccocevevenencnenenieees 17
Figure (2/7) Double chamber MFC [30] .......coovviiiiiieiencecsceeee 17
Figure (2/8) A single-chamber microbial fuel cell without an air cathode
(3] e 18
Figure (2/9) Power output of different anode materials..............c........... 20
Figure (3/1) Chlorella vulgaris bottle culture specimen.............c.ccoc...... 23
Figure (3/2) Biofilm generation Stages...........cccvvveveiieieeriesieeseeiee e 25
Figure (3/3) Biofilm second trial............cocooiiiiiiiii 26
Figure (3/4) Brachionus calyciflorus in algal biofilm sample under light
IMICTOSCOPE ..tttk t ettt bbbt b ettt e bbb bbb nes 26
Figure (3/5) Biofilms third trial..........ccooooiiiiiiiii 27
Figure (3/6) Bio-photovoltaic structure design side View.............cccc...... 28
Figure (3/7) Bio-photovoltaic actual cell ..., 28
Figure (3/8) Filter used for algae separation..............ccccceeveveeieecieceenenn, 31
Figure (3/9) Algae culture Unit...........ccoooveieiieie e 32
Figure (3/10) large biofilms during the settling process...........cccccccvveuue... 33
Figure (3/11) Components of the large scale bio-photovoltaic................ 34
Figure (3/12) A complete assembly of the large scale bio-photovoltaic.. 35
Figure (3/13) A bio-photovoltaic cell in operation .............ccccoevvevivenne. 36
Figure (3/14) EC TDS MELT .....ceciiiiieieie it 37
Figure (3/15) TDS refraCtoOmeter..........cccccveviiieiie i 37
Figure (3/16) MICIOPIPEIE .......eeiviieiie e 39
Figure (3/17) HEMOCYIOMELET .......cccvveiieeiie et 40
Figure (3/18) Light MICIrOSCOPE .....ccvveiveeiieiieeitie et 41
Figure (3/19) Light INtENSITY ....oovviieieieieie e 42
Figure (3/20) Sensitive balance..........ccocoveiiiiiiiii 43
Figure (3/21) Sensitive MUILIMELET ..o 44
Figure (4/1) Algae CUlture UNit..........cocveveeieiieese e 47
Figure (4/2) Number of cells for every single day ...........ccccoovviiinennn 48

Figure (4/3) Growth rate curve for cell culture ... 49



Figure (4/4) Number of folds curve for cell culture.............cccooveiennnen, 49
Figure (4/5) Different images for hemocytometer under microscope

showing different cell COUNtS. ........c.cccveviiieiiece e 49
Figure (4/6) Specimen with initial TDS 38 salt removal results after
filtration every hour on a 12 hour period ..........cccccevvveveiieceecc e 51
Figure (4/7) Specimen with initial TDS 35 salt removal results after
filtration every hour on a 12 hour period ...........ccocevereneienincnesieen, 51
Figure (4/8) Specimen with initial TDS 32 salt removal results after
filtration every hour on a 12 hour period ...........ccooevevenenenininesieee, 52
Figure (4/9) Specimen with initial TDS 29 salt removal results after
filtration every hour on a 12 hour period ..........cccccevvveveiieieece s 52
Figure (4/10) Specimen with initial TDS 26 salt removal results after
filtration every hour on a 12 hour period ..........ccoccovvveveiieceeve s 53
Figure (4/11) Specimen with initial TDS 21 salt removal results after
filtration every hour on a 12 hour period ...........ccooeveveneieneneneeieen, 53
Figure (4/12) Specimen with initial TDS 17 salt removal results after
filtration every hour on a 12 hour period ...........cceoeveveneieneninisieen, 54
Figure (4/13) Specimen with initial TDS 13 salt removal results after
filtration every hour on a 12 hour period ..........cccccevveveiieieecc e 54
Figure (4/14) Specimen with initial TDS 10 salt removal results after
filtration every hour on a 12 hour period ..........cccccevvveveiiciiece e 55
Figure (4/15) Specimen with initial TDS 5 salt removal results after
filtration every hour on a 12 hour period ...........cceoevereneienineseeieen, 55
Figure (4/16) All specimens salt removal results after filtration every hour
0N @ 12 NOUF PEIIOM. ......eiiiiiiiiieiieiee et 56
Figure (4/17) Electrical output for different cathode anode spacing over
(o] T o To TN o W =1 o] o TSRS 57
Figure (4/18) Electrical output for different heights over one hour
018 =LA o] o PO RPR R 58
Figure (4/19) Electrical output for different salt concentrations over one
ROUE QUFALION ...t nre s 59
Figure (5/1) MatLab INPUt SCIPL.......cccoiiiiiiiiiiiee s 66
Figure (5/2-c) MatLab output for zone 3 ..........cccooiriiiiiiiceeeees 68

Figure (5/3) Relation between inlet TDS and electricity production....... 70
Figure (6/1) Calculated salinity removal level from the lab scale results 74
Figure (6/2) Calculated retention time from the lab scale results............. 75
Figure (6/3) Water flow TDS VS tIME ....c.coviiiriiiieieeeee e 80



Figure (6/4) Relation between TDS & Produced Electricity Current...... 83
Figure (6/5) TDS & Electricity Current versus Time ..........cccecvevvervennnnn 83



CHAPTER |
INTRODUCTION

1.1 INTRODUCTION

For the time being, the availability of water appears sufficient for
current demands. However, it is anticipated that water scarcity will occur
in the near future. Water is the most important element for all living
organisms, in addition to its political value. Seawater is the most available
water resource, and desalination has become the key to overcome the
water scarcity. Several methods have been applied for water desalination
but all the available procedures have technical, economic and
environmental problems. This has encouraged researchers to consider
biological desalination using the natural activity of photosynthetic
microorganisms such as algae.

This was previously applied with the fresh water algae
Scenedesmus obliquus that consumes salts from saline water to create a
suitable environment for its survival. Concurrently, some researches
succeeded to produce electricity from algae in stabilization ponds applied
to treat wastewater. This has opened the field to the use of desalination
algae ponds to produce electricity, which may then cover its own energy
needs.

Since there are various efforts and research projects towards
producing clean energy and implementing a wide capacity of desalination
approaches at feasible construction and operating cost, therefore the
biological desalination by algae ponds seems to be a promising solution
that needs more research effort to investigate and determine all its
governing parameters.

This study is dedicated to investigating the possibility of such
system, however, more work will be required for the enhancement of the
electric output. The value of this study is very significant, as it introduces
a new way of supplying enough resources to the future generation either
water or power.



