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Abstract

Beneficial uses of reclaimed water have been considered as an integral part of available
water resource in arid and semi-arid regions, like Palestine. Diverse wastewater treatment
technologies installed in Palestinian urban centers, availability of land, administrative,
socio-economic and environmental issues have impediments on launching sustainable
effluent reuse schemes. EXxisting literature underlined the economic issues of using
reclaimed water but ignored the real value of diverse treated water quality, quantity and
the non-monetary costs and benefits. This research aimed at studying the cost/benefit
(CB) analysis (CBA) of selective beneficial uses of reclaimed water. Three wastewater
treatment plants (WWTPs) serving Alteereh-Ramallah (MBR facility), Al-Taybeh and
Rammun (RBC system) and Anza (Activated sludge) form case studies for the CB

analysis of diverse reclaimed water quality.

The 10 years net present values of CBA for reclaimed water reuse projects in irrigation
for three case studies were 5,172,963 (NIS) for Alteereh, 1,150,380 (NIS) for Anza and
1,294,206 (NIS) for Al-Taybeh and Rammun reclaimed water reuse projects in irrigation.
The C/B ratio for the reclaimed water reuse projects were 5.04 for Alteereh, 2.55 for
Anza and 1.94 for Al-Taybeh and Rammun.

For Al-Taybeh and Rammun reclaimed water reuse project in concrete mixing industry, it
showed low NPV and C/B ratio, which indicates that the reuse of reclaimed water in
irrigation have more benefits due to the socio-political and environmental benefits
involved in the agriculture projects in Palestine.

From the results obtained, it was noted that the reuse project associated with high
reclaimed water quality, has higher NPV and B/C ratio, which indicates that choosing

higher WWTP technologies is more justified.

To ensure the sustainability of reclaimed water reuse projects, public consultation,
awareness raising campaigns and governmental subsidization should accompany the

reuse projects.
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Variable CBA data were obtained considering the treatment technologies applied,
reclaimed water quality and quantity, and the availability of agricultural land. Hence,

CBA for planned reuse projects should be evaluated on a case by case basis.

Further studies are needed to explore costs minimization and benefits maximization,

using renewable energy and choosing the high value crops.

vii



-

AadAll

Aaldll Gl 8 Zabial 2kl 3l e By ¥ oeda dallead) sluall 3aall laladinl) e
5 Aauddl) ) 8 dextiall daslall slad) dallae il gai Ll b LS Alaldl) 4
Lbi @) Ao @3S Jo Lalai@¥ g e laia¥ly 4)la¥) Llcadlly daliadl ozl g daagasa
olaal) alasind saley Aolady) Llad) 45l clus) calle . Aallaad) oluad) alasin) sale dalviu
o il lsall 5 LS 5 dadlaall oliall Basa ot 48] dedll Cilaal LSy dadleal)
lalasinl 8 dalled) olaall alasin sale pilially CadlCll Jylas Al Gl s Cangy Al
paing) syl 8 Aadlall olpall A0 Alans s Aedlal) olual) gl ullane ED A S Lolitie
5 (Al sleal) 436 228000) e Ay Ledlad) olal) Aadlae Aanas (Appeall Jelitl) dpie) 4
oda IS Cus L (ophsall Amslsadl AT e lie) (ysayg dpdall i b Ladlall oLl Aallas dlass
sagal) (e g lsil 5axy Aallaall oliall platind sale pilially CallSll dyndly duslys DA Cilandl)

saad el ol & dalladl) bl alaind sale] il Adlal) Zegll dla o) duhall RSl cuiy
5 sphll dbhaa e Al sld) dale) ggybal (JS5) 5,172,963 1 YK & Glgiu e
£ 5l (USa3) 1,294,206 5 5yie iy8 Ahae (e dallaall sliall s2le) g5kl (JS58) 1,150,380
cOsays dudall ddasa (e dalleall oLl Bale)

=Dl ol 8 Aallaall slaall aladid sale) aliad Call<ill ) ablial) A ) Ayl il iy
sale) g pdal 2.55 5 ulall dana (1o dalladll oliall sale) 4584 5.04 1 SV EDE) Glasall
csa)s Al dase (ge Aadleall sliall Bale) g5 el 1.94 5 53ic 4358 dlans (pe dallaall oLl
Csblll piail Gsays Aulall Aaaa e Aadlaall sbiall aladiul sale) (gean a2 Auhall Cuin WS

Dy o g pdall & CallSall adliall duty Adlad) dagll Alial Amddiall dadll e @llhg Salsl)

viii



lealadinl 3 lgia dadia ) e )3l (o)l (3 dadlaall obiall aladiind sale) apylia o A ige 128
o el o gbial Baliaal) Ay Lunlilly T Lial) pdliall Cums g (g 291 (mle™
AAlall dad Gy Lay) 5 Adlal) g9 piiall dad Gly cAadlaall obiall 325 il LalS as) Anhall e i
dal e 138 L adlia el G8at da) (e dedfial) dadlaall @yl HLEAY Aaladl e Jy lee ccallall
OOlea dee 5 dalall @hlitid Jee e 2 Y cdalladdl oliall alasiul 3ale) apylia dp)hainl Hlasa
oSall galdl acall H85 e Ll 2 Vs cdallaall bl aladil Bale) goiase (A o4l B0L)

Lol o2 il
Ao dallaall bl alasiul 3ale) apylie & callilly adliall Jlail af 32e e Jpasll &
2 g 5 cdallaall oLl dpSy Basn 5 cAendiiall dadlall sluall Aallas Gyl CSBEAY
slaall aladinf Bale) apjliie Llgill & s e Alls JS a)liiall 28 dupy e 2 Y SN e )3l
Alall alasiul Gyl e cadliall 2oy cadlsall QS Ja) e ddliine Gluhpy ) dalsy Aslledl)

clel e Jans Jaalaall (e () Gy cpsphiall Jusnil ALY A8LAY Al 5a0sial)



List of Tables

TABLE 2-1: CLASSIFICATION OF TWW QUALITY IN ACCORDANCE WITH PSI 742-2003 AND

PSI134-2012: ~=-- = mmmm e o e 11
TABLE 3-1 QUANTITIES OF WATER CONSUMPTION AND WASTEWATER GENERATION IN ANZA
VILLAGE 13
TABLE 3-2: AWWTP INFLUENT CHARACTERISTICS ======== == === m s oo e e o oo 13
TABLE 3-3: AWWTP DESIGNED EFFLUENT CHARACTERISTICS. 14
TABLE 3-4: AMBR INFLUENT CHARACTERISTICS. === =====nmmmmm o s e oo e e 20
TABLE 3-5: AMBR EFFLUENT CHARACTERISTICS =========== == mmm o m oo o m e 20
TABLE 3-6: AL-TAYBEH AND RAMMUN TOWN’S POPULATION AND WATER CONSUMPTION 24
TABLE 3-7: TRWWTP INFLUENT CHARACTERISTICS ============ == m oo 24
TABLE 3-8: TRWWTP PROPOSED EFFLUENT CHARACTERISTICS. 25
TABLE 3-9: ACTUAL EFFLUENT WATER CHARACTERISTICS FOR TRWWTP-------=-=-~——---- 30
TABLE 4-1: DEPRECIATION RATE FOR THE TREATED WASTEWATER REUSE ITEMS. (AZCC,
2003) 38
TABLE 5-1: THE BENEFITS FROM SELLING THE RECLAIMED WATER FOR FARMERS IN ANZA.
---47
TABLE 5-2: CONVEYANCE SYSTEM COSTS 48
TABLE 5-3: DEPRECIATION COSTS FOR THE COVEYANCE SYSTEM 48
TABLE 5-4: COSTS OF STORAGE SYSTEM AT ANZA REUSE PROJECT. 48
TABLE 5-5: COSTS OF PUMPING SYSTEM AT ANZA REUSE PROJECT. 49
TABLE 5-6: O&M COSTS FOR ANZA REUSE PROJECT =============mmmmmmmm o s 49
TABLE 5-7: COSTS OF ELECTRICITY FOR PUMPS USED IN ANZA REUSE PROJECT. ------------ 49
TABLE 5-8: TOTAL INTERNAL COSTS FOR ANZA REUSE PROJECT. 49
TABLE 5-9: CBA FOR INTERNAL ITEMS OF THE REUSE PROJECT IN ANZA., -------====---—---- 50
TABLE 5-10: MARGINAL BENEFITS PER DUNUM FROM THE REUSE PROJECT (GFA, 2015,
MIZYED, 2013). =mmmmmmmmm o m oo oo e o 51
TABLE 5-11: MARGINAL BENEFITS FROM IRRIGATING OLIVES IN ANZA. 51
TABLE 5-12: MARGINAL BENEFITS FROM IRRIGATING ALMONDS IN ANZA, ===---====-------- 51
TABLE 5-13: MARGINAL BENEFITS FROM IRRIGATING WHEAT IN ANZA. 51
TABLE 5-14: EXPECTED BENEFITS FROM NITROGEN RECOVERY AS FERTILIZER. ------------- 52
TABLE 5-15: EXPECTED BENEFITS FROM PHOSPHORUS RECOVERY AS FERTILIZER. --------- 52
TABLE 5-16: TOTAL EXTERNAL BENEFITS FROM THE REUSE PROJECT IN ANZA. ------------- 53
TABLE 5-17: COSTS OF VACCINATIONS FOR THE FARMERS IN ANZA REUSE PROJECT ------- 53
TABLE 5-18: COSTS- BENEFITS FOR THE EXTERNAL ITEMS OF THE REUSE PROJECT IN ANZA
---53
TABLE 5-19: NPV FOR ANZA REUSE PROJECT. ============ = oo o oo 54
TABLE 5-20: B/C RATIO FOR ANZA REUSE PROJECT. ===============mmmmmmmmm oo 54
TABLE 5-21: THE BENEFITS FROM SELLING THE RECLAIMED WATER FOR FARMERS IN
TAYBEH & RAMMUN, =mmmm e o oo o e o e oo o e e e e e e e 58
TABLE 5-22: CONVEYANCE SYSTEM COSTS 59
TABLE 5-23: DEPRECIATION COSTS FOR THE COVEYANCE SYSTEM IN TAYBEH & RAMMUN.
---59
TABLE 5-24: COSTS OF STORAGE SYSTEM AT TAYBEH & RAMMUN REUSE PROJECT. ------- 60



TABLE 5-25: COSTS OF PUMPING SYSTEM AT TAYBEH & RAMMUN REUSE PROJECT. ------- 60

TABLE 5-26: O&M c0STS FOR TAYBEH & RAMMUN REUSE PROJECT. 60
TABLE 5-27: COSTS OF ELECTRICITY FOR PUMPS USED IN TAYBEH & RAMMUN REUSE
PROJECT 61
TABLE 5-28: ADDITIONAL TREATMENT COSTS FOR TAYBEH & RAMMUN REUSE PROJECT -61
TABLE 5-29: TOTAL INTERNAL COSTS FOR TAYBEH AND RAMMUN REUSE PROJECT. ------- 61

TABLE 5-30: CBA FOR INTERNAL ITEMS OF THE REUSE PROJECT IN TAYBEH & RAMMUN-62
TABLE 5-31: MARGINAL BENEFITS FROM THE REUSE PROJECT (GFA, 2015,MI1zYED, 2013).

---63
TABLE 5-32: MARGINAL BENEFITS FROM IRRIGATING OLIVES IN TAYBEH & RAMMUN. ---63
TABLE 5-33: MARGINAL BENEFITS FROM IRRIGATING ALMONDS IN TAYBEH & RAMMUN. 63
TABLE 5-34. MARGINAL BENEFITS FROM IRRIGATING WHEAT IN TAYBEH & RAMMUN, ---63
TABLE 5-35: EXPECTED BENEFITS FROM NITROGEN RECOVERY AS FERTILIZER IN TAYBEH &

RAMMUN. 64
TABLE 5-36: EXPECTED BENEFITS FROM PHOSPHORUS RECOVERY AS FERTILIZER IN TAYBEH
& RAMMUN. == mmm o e oo e o e e e e oo 64
TABLE 5-37: TOTAL EXTERNAL BENEFITS FROM THE REUSE PROJECT IN TAYBEH &
RAMMUN. 64
TABLE 5-38: COSTS OF VACCINATIONS FOR THE FARMERS IN TAYBEH & RAMMUN REUSE
PROJECT. 65
TABLE 5-39: COSTS- BENEFITS FOR THE EXTERNAL ITEMS OF THE REUSE PROJECT IN
TAYBEH & RAMMUN, =mmmm e o o oo e o e o o e e e e e e e e 65
TABLE 5-40: NPV FOR TAYBEH & RAMMUN REUSE PROJECT. -66
TABLE 5-41: B/C FOR TAYBEH & RAMMUN RECLAIMED WATER REUSE PROJECT --------- 66
TABLE 5-42: INTERNAL BENEFITS FROM SELLING THE RECLAIMED WATER TO THE CONCRETE
MIXING PROJEC T, === m o o m o o o e o oo o o e e e e e e e e e e e oo oo 67
TABLE 5-43: PIPES AND FITTINGS COSTS FOR THE INDUSTRIAL REUSE PROJECT.------------- 68
TABLE 5-44; STORAGE COSTS FOR THE INDUSTRIAL REUSE PROJECT. 68
TABLE 5-45: PUMP COSTS FOR THE INDUSTRIAL REUSE PROJECT. 68
TABLE 5-46: TERTIARY TREATMENT COSTS FOR THE INDUSTRIAL REUSE PROJECT. --------- 69
TABLE 5-47: OPERATION AND MAINTENANCE COSTS FOR THE INDUSTRIAL REUSE PROJECT.
---69
TABLE 5-48: NPV FOR THE INDUSTRIAL REUSE PROJECT =-==============m==mmmmm oo 69
TABLE 5-49: NPV FOR THE INDUSTRIAL REUSE PROJECT AFTER MODIFICATION OF THE
RECLAIMED WATER TARIFF TO 1.7 NIS/M?3, wommm e 70
TABLE 5-50: THE BENEFITS FROM SELLING THE RECLAIMED WATER FOR FARMERS IN
ALTEEREH. 75
TABLE 5-51: CONVEYANCE SYSTEM c0STS (PARC, 2013). ---76
TABLE 5-52: DEPRECIATION COSTS FOR THE COVEYANCE SYSTEM IN AL TIREH, ----------- 76
TABLE 5-53: COSTS OF STORAGE SYSTEM AT ALTEEREH REUSE PROJECT. ===----======------ 77
TABLE 5-54: COSTS OF THE RECLAIMED WATER PUMP AT ALTEEREH REUSE PROJECT. ----- 77
TABLE 5-55: O&M C0OSTS FOR ALTEEREH REUSE PROJECT. ---77
TABLE 5-56: ELECTRICITY COSTS FOR THE PUMPING SYSTEM IN ALTEEREH REUSE PROJECT.
---78
TABLE 5-57: TOTAL INTERNAL COSTS FOR AL TEEREH REUSE PROJECT. 78
TABLE 5-58: CBA FOR INTERNAL ITEMS OF THE REUSE PROJECT IN ALTEEREH. ------------ 78

Xi



TABLE 5-59:MARGINAL BENEFITS FROM THE REUSE PROJECT (GFA, 2015, Mi1zYED, 2013).

---79
TABLE 5-60: MARGINAL BENEFITS FROM IRRIGATING OLIVES IN AL TEEREH. --------------- 79
TABLE 5-61: MARGINAL BENEFITS FROM IRRIGATING ALMONDS IN ALTEEREH., ------------ 80
TABLE 5-62: MARGINAL BENEFITS FROM IRRIGATING WHEAT IN ALTEEREH. --------------- 80
TABLE 5-63: MARGINAL BENEFITS FROM IRRIGATING FIGS IN ALTEEREH, --=-----=======---- 80
TABLE 5-64: MARGINAL BENEFITS FROM IRRIGATING GRAPES IN ALTEEREH. --------------- 80
TABLE 5-65:; EXPECTED BENEFITS FROM NITROGEN RECOVERY AS FERTILIZER IN ALTEEREH.
---81

TABLE 5-66 : EXPECTED BENEFITS FROM PHOSPHORUS RECOVERY AS FERTILIZER IN
ALTEEREH. 81
TABLE 5-67: TOTAL EXTERNAL BENEFITS FROM THE REUSE PROJECT IN ALTEEREH, ------- 81

TABLE 5-68: COSTS OF VACCINATIONS FOR THE FARMERS IN ALTEEREH REUSE PROJECT.-82
TABLE 5-69: COSTS- BENEFITS FOR THE EXTERNAL ITEMS OF THE REUSE PROJECT IN

ALTEEREH. 82
TABLE 5-70: NPV FOR ALTEEREH REUSE PROJECT. ===========mmmmmmmmmmmm e oo eoee 82
TABLE 5-71 : B/C RATIO FOR ALTEEREH REUSE PROJECT. ===========mmmmmmmmmmm e eeeeeem 83

xii



List of Figures

FIGURE 1. LOCATION MAP OF ANZA WITHIN JENIN GOVERNORATE 12
FIGURE 2: SCHEMATIC PROCESS FLOW DIAGRAM FOR AWWTP. 14
FIGURE 3. COMPLETE PRETREATMENT UNIT IN AWW TP, —---mmm e e e e 15
FIGURE 4: THE AS TANK IN AWWTP 16
FIGURE 5: SECONDARY SETTLING (SEDIMENTATION) TANK AT AWWTP, --------mmmmmmmeem 17
FIGURE 6: SLUDGE HOLDING TANK IN AWWTP === 18
FIGURE 7. REED BEDS INAWWTP. 18
FIGURE 8: LOCATION MAP FOR AMBR WWTP IN RAMALLAH DISTRICT -----===--======---- 19
FIGURE 9. LOCATION MAP FOR AL-TAYBEH AND RAMMUN TOWNS IN RAMALLAH
DISTRICT. 23
FIGURE 10: TRWWTP SCHEMATIC PROCESS DIAGRAM, ==========m=mmmmmm oo 25
FIGURE 11: SCREENING UNIT AT TRWWTP. 26
FIGURE 12 : (RBC) UNITS AT TRWWTP., 27
FIGURE 13: ROTATING FILTER AT TRWWTP., ===mm e 28
FIGURE 14: DRYING BEDS AT TRWWTP. 28
FIGURE 15: DISINFECTION UNIT AT TRWWTP, === === 29
FIGURE 16: RECLAIMED WATER PUMPS FOR REUSE IN TRWWTP. 29
FIGURE 17: SCHEMATIC DIAGRAM FOR THE RBC REACTOR BY ALONSO, -----===-=======--—- 30
FIGURE 18: SCHEMATIC DIAGRAM FOR THE RBC REACTOR BY HIRAS. 31
FIGURE 19: CBA sTEPS (COMMONWEALTH OF AUSTRALIA, 2006) 32
FIGURE 20: EXPECTED RECLAIMED WATER REUSED IN ANZA DURING THE YEAR 2025----46
FIGURE 21: EXPECTED RECLAIMED WATER GENERATED AND REUSED YEARLY (M3/YR).-46
FIGURE 22: EXPECTED RECLAIMED WATER REUSED IN TAYBEH & RAMMUN DURING THE
YEAR 2025. 57
FIGURE 23: EXPECTED RECLAIMED WATER GENERATED AND REUSED YEARLY (M3/Y) IN
TAYBEH & RAMMUN., == mm s o oo e e e e e oo e e e e oo 58
FIGURE 24: PLAN FOR THE AMBR PROPOSED REUSE PROJECT. 72
FIGURE 25 EXPECTED RECLAIMED WATER REUSE IN ALTEEREH DURING THE YEAR 2025. 74
FIGURE 26: EXPECTED RECLAIMED WATER GENERATED AND REUSED YEARLY (M3/YR) IN
ALTEEREH. 75

Xiii



List of Abbreviations

AMBR Alteereh MBR Wastewater Treatment Plant
ASTM American Society for Testing and Material
AWWTP  Anza Wastewater Treatment Plant

BOD Biological Oxygen Demand
C/B Cost to Benefit

CBA Cost to Benefit Analysis

FC Fecal Coliform

MBR Membrane Bio Reactor
MoA Ministry of Agriculture
NPV Net Present Value

O&M Operation & Maintenance
PCBS Palestinians Central Bureau of Statistics
PE Poly Ethylene

PS| Palestine Standards Institute

PTWW Primary Treated Wastewater
PWA Palestinian Water Authority
SA Sensitivity Analysis

STWW Secondary Treated Wastewater
Total-N Total Nitrogen

TP Tap Water

TRWWTP Al Taybeh and Rammun Wastewater Treatment Plant
TSS Total Suspended Solids

TTWW Tertiary Treated Wastewater

WB West Bank (Palestine)

WTA Willingness To Accept

WTP Willingness To Pay

WWTP Wastewater Treatment Plant

Xiv



Table of Contents

[ 1T o7 Lo ] [ OURRTTT v
ACKNOWIBAGMENT ...ttt e be e e nrs v
AN 011 (X ST Vi
E O TR Viii
TS A0 I o 1= X
LISt OF FIQUIES ...ttt ettt re e aeene e reenaeennennees Xiii
TS o) AN o] o1 (A VZ oL 0] RO Xiv
LI L] (S0 O] 1 (=101 XV
O O o e o I = = O ]\ T 1
IS R © Y= V=1 SRR 1
1.2 G0als and ODJECHIVES. ......coiieiiieieeie e 2
1.2.1  ReSearch QUESLIONS.......cccecivieiiieiirie i ccree et e sttt srre e ereesbee e nreesare s 3

IO T I ¢ [T o @ LU 4 1T - 4

A O o A e I N1V LR 6
2.1 WaASTEWALET REUSE ... .evviieiiiiie ettt er e e e e s s st r e e s e e s s s sbbb b b e e e s e e e e s sesasbbeeens 6
2.2 Reclaimed Water Reuse Practices in PaleSting..........cocoevcveeiiiiiiee e 7

2.3 WaASTEWALEr REUSE COSES .....cciiirririiiiee ettt e et e e e e s s sesb b e e e s s e e e s s sbaberes 8

2.4 Wastewater REUSE BENETITS.........ccvuiiiiiiiiii e 8

2.5 Health Aspects of Reclaimed Water REUSE ...........cccoviiiriiinieree e 9

2.6 Social aspects of Reclaimed Water REUSE ...........ccceevveieeieiiie i 9

2.7 Industrial Reuse of Reclaimed WaALEr: ..........coovvieeiiiiiiee e 10

2.8 Palestinian Standards for Reuse of Treated Wastewater: ...........cccovvveevvieeinen. 10

3 CHAPTER THREE ...ttt aan e 12
I N2 V2= VA AT AT I 12
IR 00 R 1= T | 12
3.1.2 Water and Wastewater CharaCteriStiCSs: ......c.veivvieiiieeiiieeiiee e 13
3.1.3 Anza WWTP Process DeSCriPtiON: .......cccoeiueiererenenisiesieiee e 14

A N LC=T= = ALY AT AT I 19
I R CT=T T | 19
3.2.2 Water and Wastewater CharaCteriStiCs .........vevvvvveiviriiiieeiiee e 19
3.2.3 Alteeren WWTP Process DeSCIIPIION. .......coueiiiireriiinieieeeesee s 20

3.3 Al Taybeh and Rammun WWTP .......cooiiiiiiiice e 23
IR T0 R 1= T | 23
3.3.2 Water and Wastewater CharaCteriStiCs .......c.vevvveeivieeiiieieiiee e 24
3.3.3 Al Taybeh and Rammun WWTP Process Description: ..........ccccceveverereniene 25
3.3.4 Actual Effluent Water CharaCteriStiCs: ........ccvvvveiiiiiieeiiiiiee e 29

4 CHAPTER FOUR. ...ttt ettt ettt et e st s st e st e e st e e s eaa e e s eaees 32
1. Determine Scope and ODJECHIVES: ......c.ciiiieiiiiiierie e 33

2. The constrains IdentifiCatION .........cccveviiiiiiiee e bree e 33

3. The alternatives IdentifiCatioN............ocoiiiiiiiiiiiie e 33

4. Cost and benefit IdentifiCatioN .........ccuveiiiiiiii i 34
4.5 Costs and benefits quantifiCatioN ..........cccoovieiiiiie i 35

5 CHAPTER FIVE ...ttt ettt sttt s st e st e st e e st e e sraeeeas 44

XV



5.1 Anza Reclaimed Water REUSE PrOJECE: ........ooviiiiiiiieieee e 44

5.1.1 Determine SCOpe and ODJECLIVES: .......ccveiveiiiieiieie e 44
5.1.2 The constrains identifiCation ............ccoovieiinieiiesee e 44
5.1.3 The alternatives identifiCation............ccoovieriiineiiiiseese s 45
5.1.4 Cost and benefit qUantIfiCatIoN ...........cooieieiiiii e 45
5.2 Al Taybeh and Rammun Reclaimed Water Reuse project: ........c.ccccevvevververieennnn 55
5.2.1 Determine SCOPe and ODJECTIVES: ........cccveieiieiiiieiiereseee s 55
5.2.2 the constrains identifiCation ..o s 55
5.2.3 The alternatives identifiCation...........ccccooeiiieiieiiee e 55
5.2.4 Cost and benefit identification ...........cccceveieiineici s 55
5.5.5 Cost and benefit quantifiCation ............ccooeieriiiiii e 56

5.3 Al Taybeh & Rammun Reclaimed Water Reuse in the Concrete Mixing Industry:
....................................................................................................................................... 67
5.3.1 Costs and benefits quantification:.............ccceoeviiii i 67
5.3 Alteereh reclaimed water reuse ProJECE: .......covveierereriresieeee e 71
B CHAPTER SIX ottt nne s 84
RECOMMENUALIONS: ... ettt esreesteereenreebeaneenreenes 87
RETEIENCES ... ettt ettt bbb nes 88

XVi



1. CHAPTER ONE
INTRODUCTION

1.1 Overview
Worldwide, treated wastewater’or reclaimed water is considered as an additional water
source. Reclaimed water can be used in diverse beneficial uses in agricultural, industrial,

and recreational sectors.

Un-use of reclaimed water is equivalent to wastewater considering the value and impacts
of both technical terms. Therefore, efficient use of reclaimed water is crucial for
economic growth and sustainable development of Palestinian communities. Extensive
local literature has identified the main challenges and perspectives of reclaimed water use
in many water development projects in Palestine. The main challenges and perspectives

are summarized as follows:

» Palestinian limited access to available water resources impaired by Israeli hydro-
politics via state power and military orders on management of groundwater
aquifers (Shuval, 1999; Zeitoun, 2008).

» Groundwater pollution and unbalanced distribution of annual rainwater fall
(Almasri, 2007), make direct or indirect aquifer recharge with reclaimed water

essential.

> Increase in sanitation service provision by establishing wastewater treatment
facilities with annual increase in reclaimed water volumes suitable for beneficial
uses (WB, 2004; McNeill et al., 2009; Deek et al., 2010; Al-Sa'ed and Tomalaih,
2011).

Treated wastewater, treated effluent are used interchangeable with reclaimed water considering level of
current treatment technology, valid water quality standards and planned intended use

1



> Reclaimed water has agronomic values important for agricultural productivity
(Abu Madi and Al-Sa’ed, 2009; Mizyed, 2013). Thus, reuse comprises a crucial
element within the Palestinian national water strategy.

> Beneficial uses form a safe disposal path of treated wastewater. Thus, reduce
environmental and public health risks (MEDAWARE, 2005)

> Palestine has set effluent quality regulation and strict agricultural reuse standards,
where communities lack the financial and technical capacity to implement a
safety control system for agricultural produce irrigated with reclaimed water (PSI,
2012; PWA, 2013).

Wastewater treatment technologies installed in Palestine vary from one district to other.
This is due to donors influence and design engineer, where the local legal authorities and
communities have less impact during the technology selection. Installing different types
of treatment technologies leads to the production of reclaimed water of variable quality.
The current challenge facing the sanitation sector in Palestine is not linked to technology
type or selection but more to an effective and multifunctional uses of reclaimed water for
beneficial uses (Al-Sa’ed, 2014).

1.2  Goals and Objectives

The main goal of this research study is to carry out a cost/benefit analysis (CBA) of
reclaimed water value considering the economic, socio-political and environmental
factors. The economic factors entail direct, indirect, fixed and O&M costs and the
financially benefits. On the other hand, the social costs will measure the willingness to
pay for service provision and the environmental cost will include the costs for

environmental damage and costs of control and monitoring.
The main objectives of this study are:

> Determine the beneficial uses for diverse reclaimed water quality in three
WWTPs, as case studies.



> Determine the non-market values controlling the reclaimed water reuse and

measuring the socio-political and environmental issues for the reclaimed water.
» Determining the actual economical values for the reclaimed water reuse.

In Palestine, municipal and domestic wastewater treatment plants produce increased
amounts of reclaimed water without being used. Discharge of treated effluent of variable
quality unused into wadis and coastal areas forms an economic value loss and threatens
the receiving water bodies and public health. Therefore, understanding the multi-variant
value of reclaimed water as a new water source in agricultural, industrial or landscaping
purposes, a systematic assessment tool is needed. Awareness campaigns for stakeholders
(people, farmers, investors) are essential for maximizing the economic and political

benefits of the reclaimed water for beneficial uses (GWP, 2014).
1.2.1 Research Questions

The need for local case studies that include the costs and benefits involving in the
beneficial uses of the reclaimed water is essential to clarify the best application
techniques and policy directions that promote economic growth and enhance community

development.
The main research questions revised by this study are:

» What effluent quality allows for beneficial uses and what impacts does it have on

the value of beneficial uses of reclaimed water?

» What is the actual economic value (net benefits) and how to calculate for

beneficial uses of reclaimed water?

» How socio-political and environmental issues play a role in reclaimed water reuse

projects appraisal?

Aside from political issues, the limited access to water resources in Palestine urges
pressure at the people, farmers, investors and decision makers. Provision of sewerage

networks and wastewater treatment plants increased sanitation services result in annual
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increase of produced wastewater, thus treated wastewater of variable effluent quality.
Increased agricultural demand with variable rainwater fall imposes negative impacts on
soil fertility (salinization) and lowers water quality (salt intrusion), as the case in Gaza
Strip. Lack of knowledge and understanding of the real values of reclaimed water

hampered successful implementation of full scale reuse schemes.

Analysis and identification of beneficial uses considering the value of reclaimed water is
needed. A systematic framework and tools for measuring the market and non-market
determinants are crucial elements while opting for any current or planned wastewater
reuse project. The Palestinian water strategy incorporated reuse of recycled water in an
integrated water management, where beneficial uses in agriculture, industry, recreation,
landscape and artificial water recharge are underlined. This study envisages exploring the
cost/benefit analysis to calculate the market and non-market values of reclaimed water
use considering variable degrees of treatment levels, volumes, availability of land, and

reuse type.
1.3 Thesis Outline
Chapter Two: Literature review

This chapter revises the previous practices of reclaimed wastewater reuse in the world
and Palestine. Also revises the costs, benefits, health social and environmental aspects
involved in the reclaimed wastewater reuse projects, and clarifies the Palestine standards

institute reuse regulations.
Chapter Three: Study area

This chapter lists information about the WWTPs areas, process description water and

wastewater quality and quantity.
Chapter Four: Methodology

This chapter discusses the CBA criteria, listing the costs and benefits calculation methods

involved in the reclaimed water reuse projects.



Chapter Five: Results & Discussion:

This chapter illustrates the results revealed by this study and gives brief discussion for the

results.
Chapter Six: Conclusions

This chapter lists the main conclusions of the study, illustrating the main final results.
Finally, chapter seven presents recommendations and further studies needed in the

research area.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Wastewater Reuse

The evolution of wastewater networks at the early of twentieth century caused the
search for safe disposal of wastewater, the sewage farms was used as way to remove
the wastes from the centers of the towns, incidental use of wastewater in crop

production was practiced (Levine, et al., 1996).

In Israel about 630 Mm? are reused yearly in irrigation, which is considered as 80%
of treated wastewater. The main reuse project implemented by MEKOROT company
is the conveying pipeline from Shaf Dan to Negev, where the treated wastewater are
recharged to the groundwater aquifer in Shaf Dan, there the treated wastewater are
further physically treated and pumped again by about 150 extraction wells, and then
transmitted by 70 inch pipeline to be reused in unrestricted irrigation in Negev
(MEKOROT, 2014).

In Jordan about 120 Mm?® of treated wastewater used for irrigation in the Jordan
valley area, which is considered as 24% of water used for irrigation in Jordan, where
502 Mm? used yearly for irrigation, Asamra WWTP is the main treatment plant in
Jordan, which treats about 75% of all wastewater, then the treated effluent flows into
King Talal dam, where the treated effluent mixed with fresh water and then used for

unrestricted irrigation (Seder, et al., 2011).

Survey implemented in Europe, California, Japan and Australia, showed that in
Europe in 2000 about 963 Mm?®yr was reused of which 70% used in agricultural
irrigation and 17% in groundwater recharge. In California about 434 Mm?®/yr. was
reused of which 49% for irrigation and 14% for groundwater recharge, while in Japan
about 206 Mm?*/yr. of which just 8% for irrigation and 38% for industrial purposes,

and in Australia about 166Mm?>/yr of reclaimed water reused of which 30% for



irrigation and 40% for industrial reuse purposes, which indicate that the agriculture

irrigation is main water consumer for reclaimed water (Hochstrat, et al., 2008).

2.2 Reclaimed Water Reuse Practices in Palestine

There are few reuse activities of reclaimed water in Palestine due to many reasons, but
the main objective for the Palestinian water sector is to reuse the reclaimed wastewater in
the agricultural activities, as it is considered the main water consumer in Palestine
(MERAP, 2010).

Al-Bireh WWTP, which is located in Wadi Al-Ein (south of Al-Bireh city) over 2.2 ha
area; and was constructed in 2000, designed to serve more than 100,000 inhabitants. The
treatment system used is extended aeration and the plant was designed to treat 5750
m*/day. Demonstration reuse project was conducted in Al-Bireh WWTP where the
reclaimed water was reused in irrigation, and multi wastewater qualities were tested on
different types of crops (MEDAWARE, 2005).

Two types of reclaimed water were used in irrigation of trees and crops, high effluent
quality and very high effluent quality, orchard trees were planted, including different
varieties of olives, date palms, stone fruits, citrus, cherries, mango, avocado, guava,
pomegranate, figs and grapes. On an area of 3 dunums indigenous Palestinian trees were
irrigated, including nut trees like pistachio, walnut, pecan, macadema, pinenuts, asacia,
pines and carob. A parcel of 0.7 dunums was planted with sweet corn. No additional
fertilizer was used, Also a nursery of 600 m? for annual cultivation of 80,000 seedlings of
indigenous trees and cooked vegetables. The results obtained from this experiment
showed high crops yield and no contamination from both two types of reclaimed water
quality (Mogheir, et al., 2005).

In Jenin district, Al-Jalameh reclaimed wastewater reuse project was implemented by the
Near East Foundation (NEF), it targeted about 100 hectares of agricultural lands,
providing the farms with reclaimed wastewater from Jenin WWTP, and pumping station
was installed in the WWTP to pump reclaimed water to the farms by HDPE pipelines
conveying it to agricultural tanks. The implementation of infrastructure works

accompanied by training and capacity building for farmers MoA employees and local
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council workers about the reuse of reclaimed water, many types of trees were planted in
this project with different crops market value such as avocado, olives, almonds, mango,
apple and peach. The project provided opportunity to plant new irrigated crops, reducing
production costs, increasing profits from irrigating rain-fed crops and creating more

employment opportunities in the targeted area (NEF, 2015).

Pilot irrigation reuse projects were implemented in Anza and Beit Dajan villages in Jenin
and Nablus cities respectively. The reuse of reclaimed wastewater generated from Anza
and Beit Dajan WWTPs in irrigation, resulted in increase of the crop quantities and

reduction in unproductive years of trees (Anza & Beit Dajan village councils, 2016).

2.3 Wastewater Reuse Costs

The reuse of reclaimed water in irrigation usually involves many monetary costs such as
agricultural land costs, reclaimed water treatment costs, pipe works and conveyance

system including the storage of reclaimed water (Kihila, et al., 2014).

The main economic costs for the reuse of reclaimed water are; the costs of unsafe use of
reclaimed water, which can lead to public health risks or environmental pollution, weak
economic analysis which can lead to wrong reclaimed water tariffing and non-recovery of
true costs, weak economic analysis which doesn’t consider all the economic opportunities
and lead to loss of benefits, high costs of reclaimed water conveyance systems, and lack
of local market demand study for the reclaimed water can lead to loss (MEDWWRWG,
2007).

2.4 \Wastewater Reuse Benefits

In reference to EPA, there are many environmental benefits related to reuse of reclaimed
water such as reducing the diversion of freshwater from sensitive ecosystems, reducing
the discharging of wastewater to water bodies, reducing the pollution and enhancing
wetlands (EPA, 1994).

According to UNEP report the reclaimed wastewater reuse is very important in the

Palestinian Territories and has good potential to be developed for many reasons; the



deterioration of groundwater resources quantities, the expansion of sewerage networks,
the production of large quantities of reclaimed wastewater which can be available for
reuse in irrigation, the nutrient content of wastewater which can reduce the use of
fertilizers and the reuse of reclaimed water is considered as safe disposal of
wastewater(UNEP, 2000).

Many economic benefits related to reclaimed wastewater reuse such as; the substitution
of fresh water in many applications (e.g. irrigation, toilet flushing), provide water source
with consistent quality and quantity, which lead to sustained agricultural and industrial
production. Enhance the landscape of the urban areas, which can lead to increasing in
tourists and cause job creation opportunities, reducing the fertilizers application in
agriculture and landscape activities, reducing the investment in new water sources
abstraction as it substitutes the fresh water in many applications, this can lead also to
increase the fresh water available for the potable uses (MEDWWRWG, 2007).

2.5 Health Aspects of Reclaimed Water Reuse

In Al-Bireh demonstration project strict safety and health practices were conducted, the
effluent of good quality and good disinfection system, and using drip irrigation using all
personal safety instruments, immunization against typhoid fever and hepatitis A and B
among the workers, all these procedures produced safe and healthy use of treated effluent
without any harm for the workers (MEDAWARE, 2005).

2.6 Social aspects of Reclaimed Water Reuse

A master thesis by Birzeit student conducted public awareness meetings for the reuse of
treated wastewater in targeted villages in West Bank, he found that the farmers
willingness to use the treated effluent is raised after the awareness program, where 97%
of farmers will reuse the treated wastewater in irrigation, and about 55% of farmers will
change the pattern of agricultural lands from rain fed crops (Olives, cereals) to irrigated

crops and fruits, so as to increase the income from their lands. (Arafat, 2012)



2.7 Industrial Reuse of Reclaimed Water:

The main industrial use of reclaimed water is in cooling towers, but it needs good
treatment so as to prevent the corrosion of the protective coating inside the pipes and to
prevent the precipitation of silica and salts at the inner sides of the pipes, also the
reclaimed water is widely used in dust control in the infrastructure projects (Huertas, et
al., 2006).

Agel, et al. (2015) tested reclaimed water in concrete mixing process with different
qualities but all of them tertiary treatment wastewater (TTWW) taken from four different
WWTP in the WB compared to the tap water, all the results were within the limits of the
American Society for Testing & Material ASTM standards, and the study concluded that
the reclaimed water with different qualities can be reused safely in the concrete mixing
industry.

AlGhusain, et al. (2003) measured the suitability of using reclaimed water with different
qualities primary treated wastewater, secondary treated wastewater and tertiary treated
wastewater (PTTW, STTW and TTWW) compared to the taped water TW. They found
that there is some differences in the properties of the concrete samples as the PTWW and
STWW showed less strength and higher corrosion for steel, and they found that the

TTWW is the most suitable and safe for use in concrete mixing.

2.8 Palestinian Standards for Reuse of Treated Wastewater:

So as to regulate the reuse of treated wastewater, the Palestine Standards Institute (PSI)
issued the reuse standard (PSI 742-2003) in 2003. In addition to that, the PSI issued
technical obligatory guidelines for agricultural reuse of treated wastewater (34-2012).
These guidelines do not allow the use of treated wastewater for irrigation of vegetables or
direct groundwater recharge. The guidelines stated that the reuse of treated wastewater in
irrigation should be approved by the Ministry of Agriculture. The permits should be
given in accordance to the (PSI 742-2003) where the treated effluent is classified into

four main categories as in Table 2-1 (Mizyed, 2013).
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Table 2-1: Classification of TWW quality in accordance with PSI 742-2003 and PS134-2012:
Grade Quality Description

(€l zle[= A0 | High Quality BOD5<20 mg/l, TSS<30 mg/l, FC< 200/100ml

€l 28 1Good Quality | BOD5<20 mg/l, TSS<30 mg/l, FC< 1000/100ml

€20 e | Average Quality |[BODs<40 mg/l, TSS<50 mg/l, FC< 1000/100ml

€ =6 e |Low Quality  |BODs<60 mg/l, TSS<90 mg/l, FC< 1000/100m
Source: Palestine Standards Institute (PSI, 2012).

The PSI sets number of barriers for every different crop according to the treated effluent
quality, for example just the Grade A can be used for landscaping of gardens, sport fields
and parks, while crops for seeds can be irrigated without any restriction using all grades.
Fruits like apples and peaches can be irrigated with number of barriers using treated
wastewater with grades B,C and D, and without any barrier using Grade A. The barriers
defined by the PSI for example, the sand filter considered as one barrier, crops eaten
cooked considered as one barrier and also subsurface irrigation considered as one barrier.
Also other PSI procedures should be implemented before issuing the reuse permit, as the
color code for the reuse pipelines (purple), signs indicates that the water is treated
wastewater, fencing the lands that using the treated wastewater, availability of freshwater
for the farmers in the farms and using all the safety and health equipment by the farmers
to minimize health risks (PSI, 2012).
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3 CHAPTER THREE

STUDY AREA

3.1 Anza WWTP

3.1.1 General

Anza is a Palestinian village in the Jenin Governorate in the northern West Bank. It is

located18 km southwest of Jenin City. According to Palestinians Central Bureau of
Statistics (PCBS), the estimated population of Anza is about 2,034 inhabitants in 2010,
the total area of Anza, according to PCBS (2007) is about 4,740 dunums, and the total

area of Anza, according to PCBS (2007) is about 4,740 dunums. Through a meeting with

the head of Anza village council, he declared that some 1,000 dunums owned by the

neighboring Ajjah residents were recently bought and added to Anza total area. In the

meantime, the built-up area is estimated to be about 700 dunums and used for housing,

roads, public and services. See the location of Anza in Jenin District (Anza Village

Council, 2015).
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Figure 1: Location Map of Anza within Jenin Governorate
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The area of the village which is available for potential agricultural activities is estimated
at about 5,000 dunums. About 20% of this area is plain land and the remaining 80% is
mountainous area. The whole area is unirrigated and hence relies totally on rainwater.
The plain area is cultivated with crops like wheat, barley and legume meanwhile the
mountainous area is planted mainly with olive trees in addition to prickly pear. A
significant part of the mountainous area is considered as wooded trees and shrubs area

with great numbers of pine trees (EQA, 2011).

3.1.2 Water and Wastewater Characteristics:

Water consumption based on the population is about160 m®d, where 85% of these water
flows into the sewerage system and inlet the wastewater treatment plant. However, till
now not all the village inhabitants are connected to the wastewater network and the
influent flow design is made as 78 I/c/d but the real influent is about 50 l/c/d, so the
average daily influent to the WWTP is about 62 m*/d, table 3-1 illustrates the water

consumption and wastewater generation for 25 years horizon (EQA, 2011).

Table 3-1 Quantities of water consumption and wastewater generation in Anza
village

Population | Water Consumption Wastewa.lter

Year N Production
' Vc/d M3/d M®/d
2010 2034 78 160 135
2022 2969 100 296 230
2035 4471 100 492 380

The wastewater characteristics inlet to AWWTP are illustrated in Table 3-2 (EQA, 2011):

Table 3-2: AWWTP influent characteristics

Parameter Unit Value
BODs Mg/l 530
TSS Mg/l 530
TN Mg/l 180
FC (Fecal Coliform) CFU/100ml 10’
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The WWTP is designed to treat the wastewater to a level that complies with the PSI
agricultural reuse standards and as illustrated in Table 3-3 (EQA, 2011):

Table 3-3: AWWTP designed effluent characteristics.

Parameter Unit Value
BODs Mg/l <30
TSS Mg/l <30
TN Mg/l <50

FC (Fecal Coliform) CFU/100ml | <1000

3.1.3 Anza WWTP Process Description:

In 2014 The Palestinian Agricultural Relief Committees (PARC) implemented a
wastewater collection system, wastewater treatment plant and reclaimed water reuse
system which was funded by European Union as part of the “produce more food through
sustainable and safe use of reclaimed wastewater in agriculture™ project. The technology
used in wastewater treatment is the activated sludge with sludge aerobic stabilization.

Pretreatment Unit
7777 .
Secondary
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| _ Aeration I _Aeration % Chlorination Unit
—_ ‘l—ﬂw’l ok 7{ 2 2
F | == ‘ — ~= |rrigation
Internal Sludge Recycle _l '
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Sludge . it el ol
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Figure 2: Schematic process flow diagram for AWWTP.

As shown in Figure 2, the treatment process includes three stages primary, secondary and

tertiary treatment:

» Primary treatment: the wastewater main trunk line carries the wastewater to the

influent pumping well, where it is flows through three main elements:
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1- Manual bar screen: first the wastewater reaches the manual bar screen to prevent
the materials with size 1cm or above from entering the WWTP which can cause

harm to the pumping stations and the following devices.

2- Grit and grease removal chamber (Figure3): to sediment sand particles in the
bottom of the chamber then it is drawn to waste container using screw pump, then
using air compressor the flowing air prevents the grease and scum from sinking
into the bottom of the tank and make them floating on the surface, then they can

be removed using scrapper and drawn to the waste container using screw pump.

3- Automatic fine screen (Figure3): all the fine particles with size 0.3mm or above
are removed using rotary fine screen, where all the waste can be drawn to the

waste container using the screw pump.

Figure 3: Complete pretreatment unit in AWWTP.

» Secondary treatment: includes the biological treatment in the activated sludge

tank, and the sludge separation in the secondary sedimentation tank

1. Activated sludge (AS) tank: after completing the pretreatment the wastewater

flows by gravity into the activated sludge tank, where the biological treatment
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starts, the AS tank includes four rooms(Figure4), the first one anoxic with
mixer to prevent the settling of the MLSS and to insure the suspension and
contact of the MLSS with the bacteria, the second room is oxic zone with air
diffusers where two air compressors supply the diffusers with oxygen which is
utilized by the aerobic bacteria to convert the ammonia into nitrate
(nitrification), then to anoxic with Dissolved Oxygen (DO) meter to control
the operation of the air compressors and to optimize the electrical
consumption at this room the facultative bacteria convert the nitrate into
nitrogen gas (denitrification) , and finally to the oxic zone where part of the
wastewater pass through the outlet to the secondary settling tank, and the

other part returns as internal recirculation.
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Figure 4: The AS Tank in AWWTP

2. Secondary settling (sedimentation) tank (Figure5): its main role is to separate
the AS from the liquid, as the AS settles and sediments at the bottom of the
tank where is sludge pump returns ratio of the settled sludge into the anoxic
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zone in the AS tank, and the other sludge is pumped to the sludge holding

tank, the water through channels up of the tank into the chlorination tank.

Some of the unsettled matters float on the tank surface where automatic

scrapper removes and gather them in scum manhole, then using sludge pump

removes them to the sludge holding tank.

3 B W
Figure 5: Secondary Settling (sedimentation) Tank at AWWTP.

» Tertiary treatment: the water exits the secondary settling tank flows into the
chlorine disinfection tank, where is the liquid chlorine being injected using
dose pump in certain ratio, then the water flows into the treated water tank,
then using pump it flows to the agricultural reuse tank, where the water can

flows by gravity to the agricultural lands.

» Sludge treatment: the waste sludge which is pumped from the secondary
sedimentation tank and scum manhole should be stabilized and treated, using

the sludge holding tank and reed beds:

1. Sludge holding tank (Figure6): as illustrated before the excess sludge
pumped to the sludge holding tank, where the sludge is aerobically
stabilized by the bacteria which got its needed oxygen by the air
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diffusers in the bottom of the tank, after completing the sludge

stabilization the sludge is pumped using submersible pump to be dried

using reed beds.

Figure 6: Sludge holding tank in AWWTP

Reed beds (Figure7): the stabilized sludge is dewatered by the reeds
which consume some of the liquid, and the other settled part of water
flows down the reed beds into water collection system which collect
the settled water in tank, then the water which is rich of ammonia
pumped into the oxic zone in the AS tank to be treated.

Figure 7: Reed Beds in AWWTP.
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3.2 Alteereh WWTP
3.2.1 General

Alteereh Membrane Bio Reactor (AMBR) facility, serving Alteereh suburb of Ramallah
city and located in Wadi Ein Qinya, has been recently put into operation (November,
2013). AMBR employs ultrafiltration membranes (GE hollow-fiber membranes of 0.045
micron as nominal bore size) in activated sludge system with separate aerobic sludge
digestion. A reclaimed water of stable quality is produced with 10/10/10
(TSS/BOD/Total-N; mg/L). Chlorination wunit is installed for reclaimed water
disinfection. Despite high quality effluent, it is currently discharged into Wadi Ein Qinya
without effective use (GES, 2012).

Figure8 shows the location of the AMBR in Ramallah District.

Figure 8: Location map for AMBR WWTP in Ramallah district

3.2.2 Water and Wastewater Characteristics

AMBR WWTP was designed to serve Alteereh neighborhood in Ramallah district with
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treatment capacity of 2000 m%/d, the wastewater influent characteristics are illustrated in
table3-4 (GES, 2012).

Table 3-4: AMBR influent characteristics.

Parameter Unit Value
BODs mg/I 660
TSS mg/l 400
TN mg/l 140
FC (Fecal Coliform) CFU/100ml 10’

The actual effluent characteristics referring to average values from lab tests are illustrated
in table3-5 (GES, 2012).

Table 3-5: AMBR effluent characteristics

Parameter Unit Value
BODs mg/l 3
TSS mg/l 3
TN mg/l 10
FC (Fecal Coliform) CFU/100mlI 1

The previous results show high treated water quality, which doesn’t need further

treatment and can be used for unrestricted irrigation.

3.2.3 Alteereh WWTP Process Description

In 2013, Ramallah Municipality implemented wastewater collection network and WWTP
for Alteereh neighborhood; they chose a high technology MBR WWTP to get high
effluent quality, so as to protect Ein Qenya stream and spring and to use the reclaimed

water in unrestricted irrigation in the downstream agricultural lands.
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The MBR WWTP consists of three treatment stages:

>

Preliminary treatment: As the wastewater flows by gravity through the main
trunk line into three main elements , lifting station, odor control and pretreatment

unit:

Lifting station: the wastewater is screened by the 50mm basket screen in the inlet
to the lifting station then the wastewater is lifted to the WWTP through two

submersible pumps, one in operation and the second as stand by pump.

Head works odor control unit: directly connected to the lifting station, which is
ventilated through the odor control which is activated carbon type, where
magnesium hydroxide or soda ash dosing is implemented for pH control and

consequently odor emissions, such as H,S reduction.

Compact pretreatment unit: its main function is to remove the pollutants that can
cause operation and maintenance problems downstream, as the solids, grit and

grease.

The pretreatment package consists of 10 mm coarse screen, grit and grease
removal and 1mm fine screen which is necessary for the protection of the
membranes, this package is dosed with chemicals for pH control and activated

carbon odor control to prevent the malodors.

The solids are dehydrated to reduce the volume of the solid waste before
discharging it in plastic containers then to be transferred and discharged safely in
landfill.

Membrane bioreactor: the technology used is suspended growth biological reactor

with an ultra-filtration membrane system.

The MBR process combines the unit operations of aeration, secondary

clarification and tertiary filtration into a single process.
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The membranes are of the hollow fiber type, the ultra-filtration system replaces
the solids separation functions of secondary sedimentation tanks and the other

filters types in conventional activated sludge techniques.

The membranes are immersed in the aeration tank, in direct contact with mixed
liquor, suction is applied to header connected the membranes by using permeate
pump, where the vacuum forces the wastewater to permeate the hollow fibers in
the ultra-filtration membranes, permeate then disinfected or discharged into the

stream,

> Bioreactor: the raw sewage is pumped to the suspended growth bioreactor
tanks, the wastewater flows through four zones, anoxic, oxic, anoxic and
MBR (oxic), these stages create the necessary environment to attain
carbonaceous matter removal and to complete the nitrification and

denitrification process.

» Tertiary treatment: the effluent and sludge from the WWTP should be safe to
reuse, so disinfection system is used to eliminate the pathogens from the
effluent, and sludge stabilization system is used to stabilize and reduce the
pathogens from the sludge so as to be safe reuse in various applications and to

match the responsible authority’s standards.

1- Sludge treatment :two stages of sludge treatment are used first the sludge
is aerobically stabilized by the aerobic sludge digestion tank, then the

sludge volume is reduced by the sludge dewatering system:

a- sludge treatment technology used is aerobic sludge digestion, where all the
sludge produced from the filtration stages are gathered and sent by the
sludge recirculation pumps to the aerobic sludge holding tank, the sludge

are treated to reduce pathogens and volatile solids

b- Sludge dewatering- centrifuge: the sludge dewatering is conducted by a

centrifuge with polymer dosing system, then the sludge is transferred to
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plastic containers using screw conveyor, then the resulted sludge is

transferred to the municipality landfill.

2- Disinfection: the treated water effluent from the MBR bioreactor is dosed
with calcium hypochlorite by dosing pumps, the dose quantity is
controlled automatically by feedback measures from the outlet line, then
the effluent is disinfected and is of a standard suitable and safe for reuse

applications.

3.3 Al Taybeh and Rammun WWTP
3.3.1 General

Both Al Taybeh and Rammun villages are Palestinian towns in Ramallah District, the
towns of Al Taybeh and Rammun are located to the east of Ramallah District, next to the
Ein Samia well fields which is known as the most important water supply for Ramallah
and Al-Bireh district. Al Taybeh town according to PCBS census of 2007 is 1,452

inhabitants where the average household members are 4.4.

For Rammun town according to PCBS census of 2007 is 2,626 inhabitants where the
average household members are 5.6, both towns have actual population growth of 2.6%
according to PCBS.

The two villages located at the eastern slopes of the WB being in the eastern basin as well

draining toward the east part of the WB toward the Jordan valley area.
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Figure 9: Location Map for AL-Taybeh and Rammun towns in Ramallah District.

23



The people on both towns mainly rely on agriculture and small businesses. However,

their economic center is Ramallah city.

3.3.2 Water and Wastewater Characteristics

Using the geometric growth method the predicted population is calculated where
2.6% of average population growth taken into account, for the water and wastewater
consumption data were taken from the towns councils where average daily
consumption per capita considered to be 60 I/c/d and the predicted wastewater
percentage is 80%, the population, water and wastewater characteristics for 20 years
horizon were calculated as in the table3-6 (AlTayebeh & Rammun village council,

2012):

Table 3-6: Al-Taybeh and Rammun town’s population and water consumption

Water
. Consumption Wastewater
Year POle\Jllc‘;jltlon Production
' I/c/d m/d m®/d
2007 4078 60 245 196
2015 5008 65 325 260
2035 8367 100 837 669

Table3-7 illustrates the wastewater influent characteristics to the WWTP (AlTayebeh &

Rammun village council, 2012).

Table 3-7: TRWWTP influent characteristics

Parameter Unit Value
BODs mg/I 500
TSS mg/I 500
TN mg/l 180
FC (Fecal Coliform) CFU/100ml 10’
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The TRWWTP proposed to treat the wastewater to level that match the PSI
agricultural reuse standards and as illustrated in table3-8 (AlTayebeh & Rammun

village council, 2012):

Table 3-8: TRWWTP proposed effluent characteristics.

Parameter Unit Value
BODs Mg/l 20
TSS Mg/l 30
TN Mg/l 50

FC (Fecal Coliform) CFU/100ml | <1000

3.3.3 Al Taybeh and Rammun WWTP Process Description:

Based on comparison analysis performed by the towns council for the wastewater
treatment processes, they chose the Rotating Biological Contactor (RBC) treatment
process, as it need less lands than the aerated lagoons and wetlands, and the energy costs
is low compared to activated sludge, MBR and SBR. The RBC technology is simple to
operate compared to other technologies. FigurelO illustrates the schematic process
diagram for the TRWWTP.

Figure 10: TRWWTP schematic process diagram.
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The TRWWTP was designed with capacity of 450 m%d, following is the process

description stage by stage:

1. The Screening (Figurell): the wastewater flow in through the open front end
of the screen basket and through the screen bars. Solids are retained by the

screen basket.

Figure 11: Screening unit at TRWWTP.

2. The settling Tank: to improve downstream process and to keep the system
equipment undamaged it is important to use the settling tank to prevent the
large solids from entering the system, the settling tank is used as primary
clarifier and remove a portion of the non-soluble BOD associated with the raw
wastewater’s suspended solids, the dissolved waste flows over with the water

into the equalization tank.

3. The equalization Tank: after the primary settling the wastewater flows to an
equalization tank that controls the hydraulic velocity (flow rate), the
equalization of flow prevents short term, high volumes of incoming flows
from forcing solids and organic material out of the treatment process, also
controls the flow through each stage of the treatment system, allowing
adequate time for physical , biological and chemical processes to take place
then the wastewater flows to the biodisk streams for biological treatment
stage.
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4. The Flow Divider: in the flow divider the water from the equalization tank is
controlled in its volume, if too much water then it will flow back to the
equalization tank; the other water will be divided into four streams going by
gravity to the biodisks.

5. RBC Units (Figurel2): the RBC units installed in halls with sufficient
ventilation and low light exposure, as many biodisks lines as necessary
connected in parallel and fed by a flow divider. Bio-degradable, organic
contaminants are absorbed by the organisms covering the immersed section of
the discs and by the activated sludge in the immersion tanks, then they are
converted to activate substances. Oxygen needed for oxidation is absorbed by
the micro organic coating on the discs during the phase in which it is exposed
to the surrounding air, the oxygen on the disc surface is diffused and then
penetrates to the deeper layers of the micro organic coating. At a rate of 4-5
rpm, the amount of oxygen generated is normally high that in spite of

continuous oxygen consumption by the microorganisms and sludge in the

tanks, the average oxygen content is about 2-3 mg/I.

Figure 12 : (RBC) Units at TRWWTP.

6. The Rotating Filter (Figurel3): the biologically treated water leaving the
biodisks contains suspended organic material and fragments of bio film,
which periodically break off from the disks.
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Figure 13: Rotating filter at TRWWTP.

After biological treatment water flows through the drum filter while sludge is
collected on the drum and regularly back washed by a pump. Both sludge and

water flows gravitationally in this process.

7. The sludge treatment: the separated sludge flows out of the drum filters and
stored in anaerobic digestion reservoirs for volume reduction, the sludge is
collected from the sludge tank and placed on sand drying beds for dewatering
(Figurel4).

IR,

— T — =

Figure 14: Drying Beds at TRWWTP.

8. The sand filter and disinfection unit (Figurel5): the treated effluent goes
through sand filter to reduce the TSS content in the water and then being
disinfected by chlorination unit to reduce the fecal coliform and the other

dangerous contaminants.
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Figure 15: Disinfection unit at TRWWTP.

9. The Reuse of treated water: the treated water flows by gravity into storage
tank then pumped by two separate pumps to the towns (Figurel6), for every
town it has its own pump and also reuse tanks (steel tanks) in the towns, so the

treated effluent can be used to irrigation.

Figure 16: Reclaimed water pumps for Reuse in TRWWTP.

3.3.4 Actual Effluent Water Characteristics:

Actual effluent tests results were taken for various months Table 3-9 shows the average
tests results (AlTayebeh & Rammun village council, 2012).

29



Table 3-9: Actual effluent water characteristics for TRWWTP

Parameter Unit Value
BODs mg/l 35
TSS mg/l 60
TN mg/l 114
FC (Fecal Coliform) CFU/100ml 76

The previous results show good BOD and TSS removal, but for the total nitrogen it
shows that it is relatively higher than the influent, due to the nitrification of the
ammonia to nitrate without completing the denitrification stage, where denitrification
occurs partially in RBC and usually in the initial stages of the RBC where high
heterotrophic bacteria concentration and anoxic environment available (Prashant, et
al., 2012), as it needs anoxic zone which is not available in the current WWTP, so
modification should be done for the process so as to complete the denitrification
stage, many literatures discuss the RBC modification to increase the nitrogen removal

efficiency.

Alonso, et al. (2010) suggests to install mobile bed reactor before the RBC units, and
to increase the recirculation ratio between the RBC and the mobile reactor which is
anoxic reactor, Figurel7 shows the schematic diagram that illustrates the new

suggested process.

Figure 17: Schematic diagram for the RBC reactor by Alonso.

They found that the anoxic reactor made the system more robustness as it keeps the
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efficiency removal of the BOD and COD about 86%, and they found that the

denitrification process enhanced about 350% with the anoxic reactor.

Hiras, et al. (2004) tested two stages RBC system with anoxic and aerobic reactor
(Figure 18), the anoxic unit consists of fully immersed biodisks, and the aerobic unit
consists of RBC unit partially submerged, where the wastewater recycled up to four

times to the anoxic reactor, the previous schematic illustrates the process.

"y

D
L

Aerobic umit

Anoxic unit

Influent vessel Effluent vessel

Figure 18: Schematic diagram for the RBC reactor.

They found that the BOD and TSS removal efficiency increased from 82% and 86%
up to 94% and 97%, respectively, and the total nitrogen removal increased up to 3

times.

The treated wastewater in TRWWTP needs further treatment to reach the minimum
requirements of the reuse in irrigation, as the total nitrogen should not be more than
50mg/l, so the suggested anoxic reactor will increase the costs of the investment costs
by 350,000 NIS and the operation and maintenance costs by 0.1 NIS/m® (Alonso, et
al., 2010).
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4 CHAPTER FOUR

METHODOLOGY

This study compares various beneficial uses of reclaimed water considering treatment
levels and location of reuse, by computing the costs and net benefits. The case studies
relate to selective functional wastewater treatment plants; Al Taybeh & Rammun WWTP,
Alteeren MBR and Anza WWTP. The technical concepts of wastewater characteristics,
type of installed treatment technologies, and level of treatment will be described. The
annual capital expenditures [CAPOX] and operational expenditures [OPEX], costs of

health and environmental hazards and benefits will be estimated.

Determine scope and objectives

What are the constraints?

What are the alternatives?

Identify costs and benefits

Quantify/value costs and benefits

Calculate net present value

Sensitivity test for uncertainty

Consider equity issues and intangibles

Report

Figure 19: CBA steps (Commonwealth of Australia, 2006)

The cost/benefit analysis (CBA) will be applied as a tool to determine the costs and
benefits of reclaimed water use in a systematic manner to identify and select the
sustainable beneficial use for reclaimed water (Wikipedia, 2014). Since the 19" century,
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the CBA is widely used in appraising the environmental policies, taxes and projects. For
example, France used CBA to appraise infrastructure projects, then it was used widely
but in divergent ways and techniques until 1930 when USA used it into water-related
investments. Till now the CBA is considered as the major appraisal technique involved in
the environmental and social related projects, investments and policies (OECD, 2006)

Estimating the CBA, the steps opted for are depicted in Fig. 19, and described below:

1. Determine Scope and Objectives

The scope of work will be the three WWTPs effluent quality, quantity and availability
which should be used in the most beneficial use as the reuse alternatives. The
identification process should determine the costs and benefits involving the
investment, and also should determine the alternatives of the investment (Greenberg,
1998; Lavee, 2011).

The reuse alternatives should be determined and discussed, costs and benefits of reuse
project then the net present value for the 20 years life cycle of the project will be
calculated and finally the sensitivity analysis will be applied to measure the project
reliability under the change of many variables as discount rate and reclaimed water

price.

2. The constrains identification

The constrains involved in the reclaimed water reuse will be studied and determined
such as the effluent quality, quantity, the technical issues related to pumping or
storing the reclaimed water, the social constrains, environmental constrains, legal and
policy constrains and the political constrains. Non-market value for socio-political
and environmental costs shall be estimated using an adapted model early applied for
reclaimed water use in Israel (Haruvi, 1999; Lavee, 2013).

3. The alternatives identification

The reuse alternatives are dependent on the effluent characteristics and will include
the agricultural reuse, industrial reuse, and recreational reuse, artificial water recharge

for groundwater and surface water and for landscape. The various use options will
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include discharge of reclaimed water into stream [water for nature and recreation],
use in restricted and unrestricted irrigation. The selection for an intended use option is
governed by the technology type producing certain effluent quality dictated by other
factors like availability of agricultural land and willingness of farmers to accept and
pay for the service provided (Al-Sa'ed, 2007; Abu Madi et al., 2008). Knowing the
net benefit values for different use options will assist decision makers opt for the

sustainable solution of reclaimed water use.

. Cost and benefit identification

The costs and benefits involved in the reuse project will be discussed, as the costs

related to the reuse project include (Kihila et al., 2014):

e |Initial investment cost, including any additional treatment needed to reuse the

reclaimed water, pumps, reservoirs and distribution networks.
e Operation and maintenance costs, for the pumps and the distribution network.

e Depreciation costs, as every item of the reuse project have service life and then

should be replaced.

All the previous mentioned costs will be studied only for the reuse project and not for
the WWTP, because all the costs related to the treatment plant will be paid by the
people connected to the wastewater collection system under the rule of the “polluter
pays principle”, where the village council calculates the costs related to the treatment

plant per m® of treated wastewater and adds it to the monthly water invoice.
The benefits related to the reuse project include (Molinos-Senante et al., 2011):
e Improved crop production due to the use of the reclaimed water.

e Nutrients provided by the reclaimed water which can reduce the fertilizers costs.
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e Employments opportunities as the reuse project will need staff for operation and
maintenance and the availability of reclaimed water to use in agriculture will push

people to work more in their lands.

4.5 Costs and benefits quantification

All mentioned costs and benefits will be given a monetary value by using the actual
existing data for the head cost, O&M costs, implementation of storing facilities ,
pumping stations and distribution networks. But for the social costs the questionnaire
will be distributed so as to determine the WTP and WTA then the social costs can be
evaluated, for the environmental costs the current and proposed damage and control
costs will be studied and the environmental taxes can all evaluate the environmental

costs.

The costs and benefits can be divided into two main categories, internal costs and
benefits and external costs and benefits, these two categories will be studied and

evaluated (Molinos-Senante et al., 2011):

1- Internal benefits: are the benefits related directly to the wastewater generation and

reuse project as follows:

a- Revenues from the sale of the reclaimed wastewater directly to the beneficiaries,
in Anza village the willingness to pay for the reclaimed wastewater was found to
be 1.1NIS/m? (Arafat, 2012), the revenue from the sale of the reclaimed water B

is calculated by the following equation :

n
Bl = ZAVWn X SPWn

n=0

Equation 1

Where:

B, = benefits from the sale of reclaimed water to the farmers.
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AVW,= Average annual Volume of reclaimed Water (m®/yr).
SPW,, = Selling Price of reclaimed Water (NIS/m°).

The calculated benefits should be expressed as present value, so the discount rate should

be applied for every year as follows:

AVIWnxSPWn
(1+d)n

Equation 2: Blp=
Where, d: is the discount rate 5%.

b- Revenues from the recovery of the nutrients, as the reclaimed water is used for
agriculture, the nutrients which are found in the reclaimed water can supply the
plants with the needed nutrients without the need of adding fertilizer, so every kg
of Nitrogen (N) and phosphorus(P) is calculated from the effluent of the treatment
plant, and is recovered as revenue as the following equation B, (Molinos-Senante
etal., 2011):

Equation3: B2 = )."_ (ACPn X SPPn) + (ACNn = SPNn)
Where:
ACPnN: is the Annual VVolume of recovered Phosphorus (kg/yr).
SPPn: is the selling price of recovered phosphorus (NIS/kg).
ACNDNR: is the Annual VVolume of recovered Nitrogen (kg/yr).
SPNn: is the selling price of recovered Nitrogen (NIS/kg).

Also, the previous equation should be expressed as present value, so the discount rate

should be applied for every year as follows:

ACPnxSPWn . ACNnxSPNn
A+d)n A+d)n

Equation 4: B2,=
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2- Internal costs: this item includes the investment costs and operation and

maintenance costs:

a- Investment cost: including the pumps, reservoirs, pipes and fittings, civil and
installation works and if there is any need to additional treatment process, every
item should be calculated and then the depreciation rate for every type of the
items is found so as to include it in the calculation, the following equations

illustrates the calculated costs:

Equation 5: Cl= (Np = Pp) + (Ns = ps) + (Cf = Pf) + (Ct x Pt)

Where:

CI: Investment cost (NIS).

Np: number of pumps (units).

Pp: price of unit of pump (NIS/unit).
Ns: number of storage tanks (units)
Ps: price of storage unit (NIS/unit).
Ct: number of conveyance items.

Ps: Price of conveyance system.

Ct: Further treatment items.

Pt Price of treatment items.

b- Depreciation cost: the monetary value of the reuse items decreases with time, due
to wear or consuming, this cost can be calculated using the depreciation, every
item have its own depreciation rate Table4-1 summarizes the depreciation rate for

every item of the treated wastewater reuse:
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Table 4-1: Depreciation rate for the treated wastewater reuse items. (AZCC, 2003)

Depreciable Plant Average Service | Annual Accrual
Life (Years) Rate (%20)
Reuse Services 50 2.00%
Reuse Distribution Reservoirs 40 2.50%
R(_aus_e Tfansmlssmn and 40 2 50%
Distribution System
Pumping Equipment 8 12.50%

Equation 6: Dc= —x CI (AZCC, 2003)

Where:

Dc: is the Depreciation costs (NIS).
N: average service life (years).

ClI: investment cost of item (NIS).

Operation and Maintenance (O&M) costs: including the power consumption as
electricity for operating the pumps, staff for operation and maintenance,
administration costs for the meters reading and connections licensing, as the
wastewater is treated regardless of the reuse of the reclaimed water, then the costs
will exclude the treatment process costs, and costs will include the reuse facilities
operation and maintenance costs (pumping, storage and distribution), so the
operation and maintenance costs were found to be (0.04 $/m®) (RAND, 2007).

The electricity consumption for the pumps is estimated by the following equation
(Vogelesang, 2008):

Q xXAP

Equation 7: Pelectic = m

Where:
Pelectric : Electrical power consumption (KWh).
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Q: Water pumped (m*/hr).
A P .Head difference (bar).
np : Pump efficiency (0.75 for centrifugal pumps) (Neutrium, 2012).

For the staff of operation and maintenance usually for small scale water reuse
project one person is adequate (Jagals, et al., 2008), if the average daily salary for
the worker in Palestine is 16.7$ (PCBS, 2014) then the average monthly salary for
one worker is 5008.

So the total operation and maintenance costs equation will be:

Equation 8: OMC= Pgjectric + Staff salary

3- External benefits: every benefit results from the reusing of reclaimed water is
considered as external benefits:

a- Marginal benefits resulted from irrigating the crops with reclaimed water:
there are two ways to quantify the benefits on the crops resulting from using
reclaimed water, the first way is estimating the quantity of fresh water used
usually to irrigate the crops before the reuse project, then multiply by the fresh
water price to get the previous costs paid by the farmers, then the previous
costs subtracted from the cost of the reclaimed water to get the marginal
benefits as the fresh water price is always more expensive than the reclaimed
water, the following equation illustrates the marginal benefits:

Equation 9: By = (Qf xPf)-(QrxPr)
Where: B, : Marginal benefit from reuse (NIS).
Qs : Quantity of Fresh water for used for irrigation(m?®).
Ps: Price of fresh water (N1S/m?®).
Q, : Quantity of reclaimed water reused (m?).

P, : Price of reclaimed water (NIS/m®).
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The second method is to estimate the area of the agricultural lands in the reuse
project, then determine the type of crops can be cultivated in the lands and the
existing crops, then calculate the needed quantities for irrigation for these
lands, and find the benefits from cultivate and irrigate these lands with the

specified crops.

The disadvantage of the first method is that it gives narrow estimation about
the real benefits of the reuse of reclaimed water, as it compares the water
quantities and not the crops types and real values.

The disadvantage of the second method is that it needs a lot of research,

surveys and experts in many fields, which adds high cost for the research.

e Employment opportunities, the availability of the reclaimed water for irrigation
can create good opportunities for the farmers to work full time with their relatives
in their agriculture land; it was found that 85.2% of households have the
willingness to work in their land after the implementation of the reuse of

reclaimed water project (Arafat, 2012).

The employment have social and economic benefits, as it creates opportunities for
production and raise the peoples income, and it can reduce the unemployment in
the society (Hussein, et al., 2002).

The employment benefits will be estimated relying on the fact that 85.2% of the
households have the will to work in their lands if water is available for irrigation,
and the total number of population multiplied by the unemployment rate in
Palestine taken from the PCBS which is 16.3% in West Bank (PCBS, 2015), then

the equation used to estimate the employment benefit is:

Equation 10: Be = P X W% X U% % Savg

Where: Be: Employment benefits (NIS).

P: population (PE).
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W0%: Households willing to work in agriculture after the reclaimed water project
(85.2%)

U%: Unemployment rate in Palestine (16.3%).
Savg: The annual income from land per farmer (2034N1S/year) (Arafat, 2012).

Environmental benefits, as the discharge of the treated effluent into the streams
have adverse effects on the environment (groundwater pollution), and can cause
water borne diseases as the mosquitoes breed in the streams then transmit the
diseases to people, or by direct contact between the people and the wastewater in
the stream. The waterborne diseases found to be 33% of the total diseases in the
rural areas in Palestine (Alkhatib, et al., 2010). This causes many social and
economic costs due to clinical expenses and in some cases the patient could take
medical vacation for many days, while these diseases rarely cause death for
children in Palestine on the other hand their parents should devote time for caring
about their ill children which causes economic and social stress (UNC, 2013)

Preventing the Occupation government from deducting money from the
Palestinians collected customs and taxes for the cost of treatment plants inside the
green line, as it considered it as transboundary wastewater and after the treatment
the Israeli government sells the reclaimed water for the users without returning
the benefits to the Palestinian. More than 34 million$ were deducted from the
Palestinians money during the period (1994-2008) (Alsa'ed, et al., 2010), but in
our case the three WWTPs under study have low flow which will not flow throw

the stream to Israel.

b- External costs: the health risks when using the reclaimed water is considered
as the main external cost in our reuse projects. In Greece, the sewage workers
and control workers in wastewater treatment plants were checked for the
presence of antibodies against hepatitis A (HAV) and hepatitis B (HBV)
viruses. Results showed that 65.7% of sewage workers had antibodies for
HAV. While, 32.6% of control people had them, this means that, they were
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exposed to the risk of HAV. Besides, they found that 32.4% of sewage
workers and 5.8% of control people had antibodies against HBV. This
indicates that they were also exposed for the risk of HBV. As a result of this
they assured the importance of the immunization against these diseases by
vaccinations (Arvanitidou, et al., 2004). In addition, the National Institute for
Occupational Safety and Health (NIOSH) recommended that the workers in
wastewater should be immunized against tetanus-diphtheria by vaccinations
(DEP, 2002). The diphtheria, HAV and HBV vaccination preferable to be
taken once every ten years (Vaccines, 2015). The vaccinations prices for the
adults are 5.37$ for (HAV& HBV) and 1.23$ for diphtheria vaccinations
(CDC, 2016).

The external costs will be calculated by multiplying the costs of vaccinations
by the number of the farmers willing to use the reclaimed water, so as to

immunizing them against any health risks.
Net Present Value (NPV) Calculation for Costs and Benefits

The NPV presents the time value of the money, and it equals the present value of all
benefits minus the present value of all costs, so how much the NPV was higher the
investment will be more recommended due to the high return and benefits
(BeatrizdeBlas, 2006).

Equation 11: NPV(r) = SUM [t, (B(— Cy) (1+ r)* (Abumadi, 2005)

Where: t: is the number of years.

B: — C;. are the benefits minus the costs at specific year t.

r: is the discount rate also called (d).

also the benefits to costs ratio (B/C) is calculated using the following equation:

Equation 12: BCratio = SUM[ t, B((1+ r)/SUM[t, C(1+ "]  (Abumadi, 2005)
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This is an indicator for the benefits to cost return, as if B/C ratio is more than 1 then
the project can be accepted and the higher value means higher return, but if the B/C

ratio is less than 1 then the project is not justified.
Sensitivity Analysis

The sensitivity analysis (SA) is determines how the uncertainty in the outputs affected
by the uncertainty in the inputs (Saltelli, 2002).In a study on reclaimed water reuse,
the SA will determine the input costs and benefits that will affect the output values, so
the decision maker knows the uncertainties involved in the investment to reduce its

effects.
Discount rate

As Palestine doesn’t have specified discount rate in the field of water reuse projects,
then the average discount rate for Israel and Jordan is taken as 5% (Nazer, 2010).

Project study horizon

The project study period for the use of the NPV calculation is 10 years.
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5 CHAPTERFIVE
RESULTS & DISCUSSION

After the previous illustrated CBA methodology was applied the following results were
obtained for every reclaimed wastewater reuse project for 10 years as period of analysis
and 2.6% as the rate of population growth in Palestine (PCBS, 2015):

5.1 Anza Reclaimed Water Reuse Project:

5.1.1 Determine scope and objectives:

The reuse project in Anza village is limited to agricultural reuse, due to the fact that
the site of the WWTP is near the agricultural lands. The inhabitants of Anza village
are mainly farmers who are willing to work in their lands and 94.6% of the farmers
are willing to use the reclaimed water from the WWTP (Arafat, 2012). Because there
are no industrial activities in the village, the agricultural project will be the only

alternative for this study.
5.1.2 The constrains identification

The WWTP was constructed with complete reuse project, including the reclaimed
water pumps, main transmission lines, reservoirs, distribution pipes and farm
connections, under the project of “ Beit Dajan & Anza villages produce more food
through sustainable and safe use of reclaimed wastewater in agriculture” funded by
the EU and implemented by PARC (Al Sa'ed, 2015). The only constrains was to raise
the knowledge and acceptance of farmers to use the reclaimed water in their
agricultural activities, which was achieved by many public hearings and lecture
sessions about the project (Arafat, 2012). The availability of the reclaimed water
during the summer season is considered as a limiting constrain as mainly the olives
and almonds need to be irrigated during the period from April to September, so just

limited number of dunums can be irrigated during the year.
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5.1.3 The alternatives identification

Anza WWTP produce reclaimed water with good quality (30, 30, 50) BOD, TSS and
TN, respectively, which is in accordance with the Palestinian agricultural reuse
standards. So the reclaimed water reuse in agricultural will be the first alternative, the
second alternative which will be studied, is the discharge of the reclaimed water into
the stream which economically equals to no project, the costs and benefits for every
alternative will be discussed and the net present value will show the most effective

alternative should be used.
5.1.4 Cost and benefit quantification
The costs and benefits for the reuse project were calculated as follows:
1- Internal Benefits:

o the benefits from selling the treated effluent from the wastewater treatment plant,
where not all the reclaimed water will be utilized by the farmers, the number of
available dunums to be irrigated will be estimated, and the needed quantities of
reclaimed water will be calculated compared to the available treated water and the

irrigated lands.

The expected reclaimed water generated is calculated using the exponential
growth equation as follows:

Equation 13: Qn = QX e™”

Where:

Qn: The Expected Quantity of treated water at year n (m*/yr).
Qo: The Quantity of Treated water at year 0 (m*/yr).

n: Number of Years.

r: natural population growth rate 2.6%/yr.
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Data taken from the local village council about the available lands to be irrigated
and the crops cultivated in these lands, these data were used to estimate the
expected reclaimed to be used in irrigation yearly, Figure 20 used to determine the
quantities of reclaimed water to be used as an example for the year 2025.
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Figure 20: Expected Reclaimed Water Reused in Anza during the year 2025

The expected reclaimed water produced and used are estimated yearly and illustrated in
Figure 21.
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Figure 21: Expected Reclaimed Water Generated and Reused Yearly (m®/yr).
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The benefits from selling the reclaimed water to the farmers are calculated upon the
reclaimed water tariff of 1 NIS/m®. Table 5-1 shows the calculated benefits yearly.

Table 5-1: The benefits from selling the reclaimed water for farmers in Anza.

No. 0 1 2 3 4 5 6 7 8 9
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Treated water (m’ly) 49275]50573|51905|53272| 54676 | 56116 | 57594159111 | 60668 | 62266
Reclaimed water sold(m*/y) 30570]31440(32310] 33180 33780 34680 | 35280 35580 35880 36180
Reclaimed water price(NI1S) 1 1 1 1 1 1 1 1 1 1
Benefits from reclaimed water sold(NIS) 30570]31440(32310] 33180 33780 34680 | 35280 35580 | 35880 36180

1- Internal costs: investment costs and operation and maintenance costs for the reuse

projects.

e Investment cost: including the pumps, reservoirs, pipes and fittings, civil and

installation works and if there is any need to additional treatment process, the

following equation used for the calculation of the investment cost.

Equation 14: Cl= (Np * Pp) + (Ns * ps) + (Cf = Pf) + (Ct * Pt)

Dc= 1x CI
n

As the reuse project is implemented by PARC, so the investment cost is known and there
is no need to calculate it but the data taken from PARC can be used to calculate for other

reuse projects, also the depreciation costs were calculated for every item, tables (5-2) to

(5-8) illustrate the items of the reuse project with its related costs:

« Conveyance system: which include the pipes, fittings and installations of the reuse

network; also the depreciation costs were calculated based on the data taken from

table (5-2) where the conveyance system average service life is taken to be 40

years. Table5-2 illustrates the costs of the reuse network.
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Table 5-2: Conveyance system costs

. . Price_ of total
Item Unit Quantity unit (NIS)
(NIS)

PE 4" 3500 m 27 94500
PE 2" 4500 m 6.75 30375
PE 32mm 16500 m 2.7 44550

PE 16mm 7000 m 1.35 9450
Fittings and installation LS NA NA 85500
Total Fittings Costs (NIS) 264375

The depreciation rate for the coveyance system is 2.5% per year. Table5-3 illustrates the

depreciation costs for the coveyance system.

Table 5-3: Depreciation costs for the coveyance system

year 2016 2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Investment cost (N1S) 264375 0 0 0 0 0 0 0 0 0
Depreciation rate 0.025 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025
Depreciation cost(NIS) 6609 6609 6609 | 6609 | 6609 | 6609 | 6609 | 6609 | 6609 | 6609

o Storage :

including one 500 m* metallic storage tank used for the storage of

treated wastewater, then the treated wastewater flows by gravity to the farmers,

the depreciation cost calculated as the average service life of 40 years, the

investment cost for the tank is 100,000(NIS) with depreciation rate of 2.5% per

year. Table 5-4 illustrates the costs related to storage:

Table 5-4: Costs of Storage system at Anza reuse project.

year 2016 2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Investment cost (NIS) 100000 0 0 0 0 0 0 0 0 0
Depreciation rate 0.025 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025
Depreciation cost(NIS) 2500 2500 2500 | 2500 | 2500 | 2500 | 2500 [ 2500 | 2500 | 2500

e Pumps: one centrifugal pump is used to lift the treated wastewater from the

treatment plant to the storage tank, with head of 65m and 22 m®hr., the
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investment cost of the pumps is 20,000 (NIS), and the average service life of it is

8 years with depreciation rate of 12.5% per year. Table5-5 illustrates the costs

related to the pumps.

Table 5-5 : Costs of pumping system at Anza reuse project.

year

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Investment cost (N1S)

20000

0

0

0

0

0

0

Depreciation rate

0.125

0.125

0.125

0.125

0.125

0.125

0.125

0.125

0.125

0.125

Depreciation cost(NIS)

2500

2500

2500

2500

2500

2500

2500

2500

2500

2500

Operation and maintenance costs: the operation and maintenance of the reuse

system can be done by one employee, also the needed parts cost for the

maintenance can be recovered from the users, so the employee has a monthly

salary of 2,200 (NIS) with an annual increase rate of 2.5%. Table05-6 illustrates

the calculated costs related to the operation and maintenance of reuse scheme.

Table 5-6: O&M costs for Anza reuse project

Year

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Increase rate of salary

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

0.025

Total yearly salary costs (NIS)

26400

27060

27737

28430

29141

29869

30616

31381

32166

32970

The electricity costs for the operation of the pump is calculated to be 0.2(NIS/m?),

so the electricity costs of pump is calculated as illustrated in Table5-7.

Table 5-7: Costs of electricity for pumps used in Anza reuse project.

Year

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Reclaimed water Pumped (m3/y)

30570

31440

32310

33180 | 33780

34680

35280

35580

35880

36180

Electricity cost (NIS/m3)

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

Electricity costs(N1S/yr)

6114

6288

6462

6636

6756

6936

7056

7116

7176

7236

The total internal costs are illustrated in Table5-8.

Table 5-8: Total internal costs for Anza reuse project.

Year

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Total internal costs yearly (NIS)

428498

44957

45808

46675 | 47506

48415

49281

50107

50951

51815
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After comparing the Total internal costs and benefits we found that the reuse project will
not be feasible, as the costs are very high compared to the benefits. Table5-9 illustrates

the costs- benefits difference.

Table 5-9: CBA for Internal items of the reuse project in Anza.

Year 2016 2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Cost-Benefits for Internal items (NIS) -397928 | -13517 | -13498 | -13495|-13726|-13735|-14001|-14527|-15071]-15635

The costs benefits analysis for the project should take into consideration that the
government should participate in the reuse project costs, and the difference should be

paid by the local village council so as to operate the reuse project in sustainable manner.

As shown in the first year where the costs-benefits difference is very high due to the
investment costs, usually the reuse project is implemented by donors, and the investment

costs can be neglected.

2- External benefits: as illustrated in the methodology, the external benefits
including the marginal benefits from irrigating the crops which is usually been
rain fed, the nutrient recovery from the reclaimed water as fertilizer, and the
employment opportunities which created by the availability of the water to work

in the agricultural lands.

« Marginal benefits from irrigating the crops: most the agricultural lands in served
in treated water reuse project in Anza village are cultivated in olives, orchards and
wheat, all these crops are rainfed, but when the crops are irrigated with reclaimed
water the crop production will improve and also the benefits will increase, the
marginal benefits are calculated by estimating the area cultivated in the crop and
then multiplying it by the difference between the benefits from the crops which
are rainfed and the benefits from irrigating the crops, in Anza village the
estimated agricultural area served by the reuse project and is cultivated with
olives, orchards and wheat are (350,50,100)dunums respectively. Table5-10
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illustrates the benefits per dunum for every crop with and without the reuse

project:

Table 5-10: Marginal benefits per dunum from the reuse project (GFA, 2015, Mizyed,

2013).
olives Almonds Wheat
Crop
Rainfed | Irrigated | Rainfed | Irrigated | Rainfed | Irrigated
Net benefits (N1S/dunum) 708 | 1965 | 3,382 | 6,539 | 453 830
Marginal benefits (N 1S/dunum) 1,257 3,157 377

The marginal benefits from irrigating the olive trees are illustrated in Table5-11.

Table 5-11: Marginal benefits from irrigating olives in Anza.

year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Marginal benefits from irrigating olives (NIS/dunum.year) | 1,257 | 1,257 | 1,257 | 1,257 | 1,257 | 1,257 | 1,257 | 1,257 | 1,257 | 1,257
Number of dunums of olive 55 60 65 70 70 70 70 70 70 70
Benefits from irrigating olives (NIS) 69135 75420 | 81705 | 87990 | 87990 | 87990 | 87990 | 87990 | 87990 | 87990
The marginal benefit from irrigating the almonds trees is illustrated in the Table5-12.
Table 5-12: Marginal benefits from irrigating Almonds in Anza.
year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Marginal benefits from irrigating Almonds (NIS/dunum.year) | 3,157 | 3,157 | 3,157 | 3,157 | 3,157 | 3,157 | 3,157 | 3,157 | 3,157 | 3,157
Number of dunums of Almonds 20 20 20 20 22 25 27 28 29 50
Benefits from irrigating Almonds (NIS) 63140 | 63140 | 63140 | 63140 | 69454 | 78925 | 85239 | 88396 | 91553 | 157850
The marginal benefit from irrigating the wheat cereals is illustrated in Table5-13, where
the available land is about 100 dunum at the plain area.
Table 5-13: Marginal benefits from irrigating Wheat in Anza.
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Marginal benefits from irrigating Wheat (NIS/dunum. year) 377 377 377 377 377 377 377 | 377 | 377 | 377
Number of dunums of Wheat 100 100 100 100 100 100 100 | 100 | 100 | 100
Benefits from irrigating Wheat (NIS) 37700 | 37700 | 37700 | 37700 | 37700 | 37700 | 37700 | 37700 | 37700 37700
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Benefits from the nutrients recovery for both nitrogen and phosphorus, where the
recovered nitrogen was calculated based on its concentration in the effluent (40
mg/l), and (3 mg/l) for the phosphorus, where market prices of (7.6, 8 NIS/kg)
respectively for the fertilizers included the nitrogen and phosphorus, these
benefits considered as environmental benefits. the following equation was used to

calculate benefits:

Equation 15: B2 = )'"_ (ACPn x SPPn) + (ACNn = SPNn)

The calculated benefits from the nutrients recovery is in Tables (5-14 &5-15).

Table 5-14: Expected benefits from nitrogen recovery as fertilizer.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Reclaimed water Used(m’/y) 30570 | 31440 | 32310 | 33180 | 33780 | 34680 | 35280 | 35580 | 35880 | 36180
Nitrogen concentration in efﬁuent(kg/m3) 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040
Recovered Nitrogen(kgly) 1223 1258 1292 1327 1351 1387 1411 1423 1435 1447
Price of the Nitrogen(N1S/kg) 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
Benefit from the recovered nitrogen(N IS/y) 9293 9558 9822 | 10087 | 10269 | 10543 | 10725 | 10816 | 10908 | 10999

Table 5-15: Expected Benefits from Phosphorus recovery as fertilizer.

Year 2016 2017 2018 2019 2020 2021 2022 | 2023 2024 2025
Reclaimed water sold(m’/y) 30570 | 31440 | 32310 | 33180 | 33780 | 34680 | 35280 | 35580 | 35880 | 36180
Phosphorus concentration in effluent(kg/m”) 0.003 | 0.003 | 0.003 [ 0.003 | 0.003 | 0.003 [ 0.003 [ 0.003 [ 0.003 [ 0.003
Recovered Phosphorus(kgly) 92 94 97 100 101 104 106 107 108 109
price of the Phosphorus(N1S/kg) 8 8 8 8 8 8 8 8 8 8
Benefit from the recovered Phosphorus(N1S/y) 734 755 775 796 811 832 847 854 861 868

The benefits from the employment were included in the costs and benefits of the
irrigation of the lands, many items including the costs of the workers in the lands

were taken into consideration in the marginal benefits calculations.
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The total external benefits are summed and illustrated in Table5-16.

Table 5-16: Total external benefits from the reuse project in Anza.

year 2016 2017 2018 2019 2020 2021 2022 | 2023 | 2024 | 2025

Total benefits (NIS) 180002 | 186572 | 193143 | 199713 | 206224 | 215990 | 222501 | 225756 | 229012 | 295407

o External costs: as illustrated in the methodology, the health risks and costs is the
main item in the costs, the vaccinations costs are calculated as illustrated in
Table5-17.

Table 5-17: Costs of vaccinations for the farmers in Anza reuse project

year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
No. of farmers 321 | 338 | 347 | 356 | 365 | 375 | 385 | 395 | 405 | 416
No. of farmers to take vacciations 321 | 17 9 9 9 10 10 10 10 11
price of diptheria vaccinations (NIS) 5 5 5 5 5 5 5 5 5 5

price of HAV & HBV vaccinations (NIS) 22 22 22 22 22 22 22 22 22 22

Total costs (NIS) 8481 | 449 | 238 | 238 | 238 [264.2| 264 |264.2]264.2]290.6

The costs to benefits difference for the external items are illustrated in Table5-18.

Table 5-18: Costs- Benefits for the external items of the reuse project in Anza

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Costs- Benefits for the external

;i 171521 186123 192905| 199475| 205986 215726] 222237] 225492] 228747]| 295116
items (NIS)

From Table5-18 we can conclude that the external benefits exceeds the external costs, so
the social and environmental benefits are higher than the costs, which will have very

positive effects on the people and farmers.

e The net present value: the net present values for the costs and benefits are

calculated and illustrated in Table5-19.
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Table 5-19: NPV for Anza reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025
Total internal costs (NIS) -428498] -44957 | -45808 | -46675 | -47506 | -48415 | -49281 | -50107 | -50951 | -51815

Total internal benefits (NIS) 30570 | 31440 | 32310 | 33180 | 33780 | 34680 | 35280 | 35580 | 35880 | 36180
-449 -238 -238 -238 -264 -264 -264 -264 -291

Total external costs (NIS) -8481

Total external Benefits (NIS) 180002 | 186572 | 193143 | 199713 | 206224 | 215990 | 222501 | 225756 | 229012 | 295407

Cashflow -226407] 172606 | 179407 | 185980 | 192260 | 201991 | 208235 | 210965 | 213676 | 279481
NPV (NIS) 1150380

e From the previous table the NPV for Anza reclaimed water reuse project is

1,150,380 (NIS), which is positive value and implies that the reuse project is

justified to be implemented.

The Benefit to Cost Ratio (B/C) is calculated for Anza reuse project and illustrated in

Table5-20.

Table 5-20: B/C ratio for Anza Reuse project.

Year 2016 2017 | 2018 2019 2020 | 2021 2022 2023 2024 | 2025
Total Costs -436979| -45407 | -46046 | -46913 | -47744 | -48679 | -49545 | -50371 | -51215 | -52106
Total Benefits 210572 | 218012 | 225453 | 232893 | 240004 | 250670 | 257781 | 261336 | 264892 | 331587
Costs NPV -743767
Benefits NPV 1894148

B/C 2.55

It can be noted that the B/C ratio is 2.55, which indicates that the reuse project in

Anza can get benefits more than double of the costs involved in the projects which

means that the project is justified.
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5.2 Al Taybeh and Rammun Reclaimed Water Reuse project:
5.2.1 Determine scope and objectives:
The reuse of reclaimed water project aimed at raise the productivity of the rainfed

lands in Al Taybeh and Rammun towns to produce more food, increase the farmer’s

income and the reclamation of the agricultural lands in both towns.
5.2.2 the constrains identification

As illustrated in the previous sections the TRWWTP produce treated water with
quality of (35, 60, 114) as BOD, TSS and TN (mg/l); respectively, this quality does
not match the PSI for the use of the reclaimed water in irrigation, so further treatment
should be done for the reclaimed water before reuse to reduce the TN below 50mg/I,
the additional treatment costs will be added to the studied reuse project, after these

additional treatment the treated water can be used in restricted irrigation.
5.2.3 The alternatives identification

There are two main alternatives for the reuse project, the first one is to invest in
tertiary treatment for the effluent so as to reuse it in the restricted irrigation for the
trees and the cereals, and the second alternative is to reuse the treated effluent in the

concrete mixing factory near the TRWWTP.

The previous mentioned options will be studied and the NPV will be calculated to

determine which project is more justified.
5.2.4 Cost and benefit identification

There are different costs and benefits for the two alternatives, for the first option as

the restricted irrigation:
e Investment costs for the tertiary treatment.

e Investment costs for the reuse project.
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e Operation and maintenance costs, for the pumps and the distribution network.

e Depreciation costs, as every item of the reuse project have service life and then
should be replaced.

The benefits from the irrigation project are:
e Improved crop production due to the use of the reclaimed water.
e Nutrients provided by the reclaimed water which can reduce the fertilizers costs.

e Employments opportunities as the reuse project will need staff for operation and
maintenance and the availability of reclaimed water to use in agriculture will push

people to work more in their lands.
5.5.5 Cost and benefit quantification

GFA, 2015 studied the reuse project in AlTaybeh and Rammun towns, they found that
about 75% of reclaimed water can be used in irrigation if good water managemnt was
done, the average pumping costs for both storage reservoiurs is 0.35 NIS/m?, they also
found that most of the agricultural lands are mainly planted with olives in both towns but
in the Wadi Abul Hayyat area about 50 dunum is planted with cereals, in AlTaybeh and
Rammun there is about 350 dunum which can be served by the reuse project and is
planted with olives, orchards and cereals. Data about the costs and revenues from
planting every type of plants were taken from the GFA study which was estimated based
on water service fees of 1 N1S/m* of reclaimed water.

The costs and benefits for the reuse project were calculated as follows:
1- Internal Benefits:

o the benefits from selling the treated effluent from the wastewater treatment plant,
where not all the reclaimed water will be utilized by the farmers, the number of
available dunums to be irrigated will be estimated, and the needed quantities of
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reclaimed water will be calculated compared to the available treated water and the

irrigated lands.

The expected reclaimed water generated is calculated using the exponential
growth equation as follows:

Equation 16: Qn = QoX e™"

Where:

Qn : The Expected Quantity of treated water at year n (m*/yr).
Qo : The Quantity of Treated water at year 0 (m*/yr).

n : Number of Years.

r : natural population growth rate 2.6%/yr.

Data taken from the local village council about the available lands to be irrigated
and the crops cultivated in these lands, these data were used to estimate the
expected reclaimed to be used in irrigation yearly. Figure 22 used to determine the

quantities of reclaimed water to be used as an example for the year 2025.
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Figure 22: Expected reclaimed water reused in Taybeh & Rammun (year 2025).
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The Expected quantities of reclaimed water generated and the expected reclaimed water

to be reused results are illustrated in Figure 23:
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Figure 23 :Expected annual water generated and reused (m®) in Taybeh & Rammun.

The benefits from selling the reclaimed water to the farmers are calculated upon the

reclaimed water tariff of 1 NIS/m®. Table5-21 shows the calculated benefits yearly.

Table 5-21: The benefits from selling the Reclaimed Water for Farmers in Taybeh &

Rammun.
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Treated water Generated (m3/y) 18250 | 56940 | 59979 | 61559 | 63181 | 64845 | 66553 | 68306 | 70105 | 71952
Reclaimed water sold(msly) 16110 | 28200 | 29622 | 30570 | 31518 | 32340 | 33810 | 34158 | 34506 | 34680
Reclaimed water price(NIS) 1 1 1 1 1 1 1 1 1 1
Benefits from reclaimed water sold(NIS) 16110 | 28200 | 29622 | 30570 | 31518 | 32340 | 33810 | 34158 | 34506 | 34680

3- Internal costs: investment costs and operation and maintenance costs for the reuse

projects.
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e Investment cost: :

including the pumps, reservoirs, pipes and fittings, civil and

installation works and if there is any need to additional treatment process, the

following equation used for the calculation of the investment cost.

Equation 17: Cl= (Np = Pp) + (Ns = ps) + (Cf * Pf) + (Ct = Pt)

Dc= 1x CI
n

Tables from (5-22) to (5-28) illustrate the items of the reuse project with its related costs:

o Conveyance system: which include the pipes, fittings and installations of the reuse

network, also the depreciation costs were calculated based on the data taken from

table (5-2) where the conveyance system average service life is 40 years. Table5-

22 illustrates the costs of the reuse network.

Table 5-22: Conveyance system costs

Item Quantity Unit price of unit (NIS) Total (NIS)
PE 4" 3200 m 27 86400
PE 2" 5000 m 6.75 33750
PE 32mm 15000 m 2.7 40500
PE 16mm 6500 m 1.35 8775
Fittings and installation LS NA NA 78750
Total Fittings Costs 248175

The depreciation rate for the coveyance system is 2.5% per year. Table5-23 illustrates the

depreciation costs for the coveyance system.

Table 5-23: Depreciation costs for the coveyance system in Taybeh & Rammun.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Investment cost (NIS) 248175 0 0 0 0 0 0 0 0 0
Depreciation rate 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025
Depreciation cost(N1S) 6204 6204 6204 6204 6204 6204 6204 6204 6204 6204

« Storage : including two 500 m*® metallic storage tank used for the storage of

treated wastewater in both towns, then the treated wastewater flows by gravity to
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the farmers, the depreciation cost calculated as the average service life of 40

years, the investment cost for both tanks is 200,000(NIS) with depreciation rate of

2.5% per year. Table5-24 illustrates the costs related to storage:

Table 5-24: Costs of storage system at Taybeh & Rammun reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Investment cost (NIS) 200000 0 0 0 0 0 0 0 0 0
Depreciation rate 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
Depreciation cost(NIS) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000

Pumps: Two centrifugal pumps are used to lift the treated wastewater from the treatment

plant to the storage tanks, the investment cost of the pumps is 40,000 (NIS), and the

average service life of it is 8 years with depreciation rate of 12.5% per year. Table5-25

illustrates the costs related to the pumps.

Table 5-25: Costs of pumping system at Taybeh & Rammun reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Investment cost (NIS) 40000 0 0 0 0 0 0 0 0 0
Depreciation rate 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125
Depreciation cost(NIS) 5000 5000 5000 5000 5000 5000 5000 5000 5000 5000

Operation and maintenance costs: the operation and maintenance of the reuse system can

be done by one employee, also the needed parts cost for the maintenance can be

recovered from the users, so the employee has a monthly salary of 2,200 (NIS) with an

annual increase rate of 2.5%. Table5-26 illustrates the calculated costs related to the

operation and maintenance of reuse scheme.

Table 5-26: O&M costs for Taybeh & Rammun reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Increase rate of salary 0.025 0.025 0.025 0.025 | 0.025 | 0.025 | 0.025 | 0.025 0.025 0.025
Total yearly salary costs (NIS) | 26400 | 27060 | 27737 | 28430 | 29141 | 29869 | 30616 | 31381 | 32166 | 32970
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The electricity costs for the operation of the pumps are calculated to be with average

value of 0.45(N1S/m?), because the two storage tanks are in two different elevations,

SO
the electricity costs of pumps are calculated as illustrated in Table5-27.
Table 5-27: Costs of electricity for pumps used in Taybeh & Rammun reuse project
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Reclaimed water Pumped (m3/y) 16110 | 28200 | 29622 | 30570 | 31518 | 32340 | 33810 | 34158 | 34506 | 34680
Electricity cost (N1S/m3) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Electricity costs(NIS) 7250 12690 | 13330 | 13757 | 14183 | 14553 | 15215 | 15371 | 15528 | 15606

o Tertiary treatment costs: as illustrated in the study area of the TRWWTP, the effluent of

the TRWWTP is not matching the PSI for reuse in irrigation due to the high nitrogen

contents in the effluent, referring to the literature we found that the RBC WWTP usually

do not achieve denitrification due to the high DO in the RBC units, so anoxic reactor

should be added to the WWTP so as to reduce the nitrogen to an acceptable value for
irrigation, this technology will increase the investment cost with 350,000 NIS. Table5-28

illustrates the additional treatment costs.

Table 5-28: Additional treatment costs for Taybeh & Rammun reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Investment cost (NIS) 350000 0 0 0 0 0 0 0 0 0
Depreciation rate 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
Depreciation cost (NIS) 8750 8750 8750 8750 8750 8750 8750 8750 8750 8750

The total internal costs are illustrated in Table5-29.
Table 5-29: Total internal costs for Taybeh and Rammun reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Total internal costs yearly (NIS) | 896779 | 64704 | 66021 | 67141 | 68278 | 69377 | 70785 | 71707 | 72648 | 73530

After comparing the total internal costs and benefits we found that the reuse project will

not feasible, as the costs are very high compared to the benefits. Table5-30 illustrates the

costs- benefits difference for internal items.
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Table 5-30: CBA for Internal items of the reuse project in Taybeh & Rammun

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

CBA for internal items (NIS) -880669 | -36504 | -36399 | -36571 | -36760 | -37037 | -36975 | -37549 | -38142 | -38850

The costs benefits analysis for the project should take into consideration that the
government should participate in the reuse project costs, and the difference should be

paid by the local village council so as to operate the reuse project in sustainable manner.

As shown in the first year where the costs-benefits difference is very high due to the
investment costs, usually the reuse project is implemented by donors, and the investment

costs can be neglected.

4- External benefits: as illustrated in the methodology, the external benefits
including the marginal benefits from irrigating the crops which is usually been
rain fed, the nutrient recovery from the reclaimed water as fertilizer, and the
employment opportunities which created by the availability of the water to work

in the agricultural lands.

« Marginal benefits from irrigating the crops: most the agricultural lands in served
in treated water reuse project in Taybeh & Rammun towns are cultivated in
olives, orchards and wheat, all these crops are rainfed, but when the crops are
irrigated with reclaimed water the crop production will improve and also the
benefits will increase, the marginal benefits are calculated by estimating the area
cultivated in the crop and then multiplying it by the difference between the
benefits from the crops which are rainfed and the benefits from irrigating the
crops, in both towns the estimated agricultural area served by the reuse project
and is cultivated in olives, orchards and wheat are (300,50,120) dunum
respectively. Table5-31 illustrates the benefits per dunum for every crop with and

without the reuse project:
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Table 5-31: Marginal benefits from the reuse project (GFA, 2015,Mizyed, 2013).

o olives Almonds Wheat

Rainfed | Irrigated | Rainfed | Irrigated | Rainfed | Irrigated

Net benefits (N1S/dunum) 708 1,965 | 3,382 | 6,539 453 830
Marginal benefits (N IS/dunum) 1,257 3,157 377

The marginal benefits from irrigating the olive trees are illustrated in Table5-32.

Table 5-32: Marginal benefits from irrigating olives in Taybeh & Rammun.

Year 2006 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Marginal benefits from irrigating olives (NIS/dunum.year) 1257 1257 1257 1257 1257 1257 1257 1257 1257 1257
Number of dunums of olive 15 50 53 55 57 60 65 67 69 70
Benefits from irrigating olives (NIS) 18855 | 62850 | 66621 | 69135 | 71649 | 75420 | 81705 | 84219 | 86733 | 87990

The marginal benefit from irrigating the almonds trees is illustrated in Table5-33.

Table 5-33: Marginal benefits from irrigating almonds in Taybeh & Rammun.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Marginal benefits from irrigating Almonds (NIS/dunum.year) 3157 3157 3157 3157 3157 3157 3157 3157 3157 3157

Number of dunums of Almonds 50 50 50 50 50 50 50 50 50 50

Benefits from irrigating Almonds (NIS) 157850 | 157850 | 157850 | 157850 | 157850 | 157850 | 157850 | 157850 | 157850 | 157850

The marginal benefit from irrigating the wheat cereals is illustrated in table5-34, where

the available land is about 120 dunum at the plain area.

Table 5-34: Marginal benefits from irrigating wheat in Taybeh & Rammun.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Marginal benefits from irrigating Wheat (NIS/dunum.year) 570 570 570 570 570 570 570 570 570 570
Number of dunums of Wheat 120 120 120 120 120 120 120 120 120 120
Benefits from irrigating Wheat (NIS) 68400 | 68400 | 68400 | 68400 | 68400 | 68400 | 68400 | 68400 | 68400 | 68400

Benefits from the nutrients recovery for both nitrogen and phosphorus, where the
recovered nitrogen was calculated based on its concentration in the effluent (40 mg/l),

and (3 mg/l) for the phosphorus, where market prices of (7.6, 8 NIS/kg) respectively for
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the fertilizers included the nitrogen and phosphorus, these benefits considered as

environmental benefits. The following equation was used to calculate benefits:

Equation 18: B2 = )" _ (ACPn X SPPn) + (ACNn = SPNn)

The calculated benefits from the nutrients recovery is in tables5-36 and 5-37.

Table 5-35: Expected benefits from nitrogen recovery as fertilizer in Taybeh & Rammun.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Reclaimed water sold(m3/y) 16110 | 28200 | 29622 | 30570 | 31518 | 32340 | 33810 | 34158 | 34506 | 34680
Nitrogen concentration in effluent(kg/m3) 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040 | 0.040
Recovered Nitrogen(kgly) 644 | 1128 | 1185 | 1223 | 1261 | 1294 | 1352 | 1366 | 1380 | 1387
Price of the Nitrogen(N1S/kg) 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
Benefit from the recovered nitrogen(N IS/y) 4897 | 8573 | 9005 | 9293 | 9581 | 9831 | 10278 | 10384 | 10490 | 10543

Table 5-36: Expected benefits from phosphorus recovery as fertilizer in Taybeh &

Rammun.
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Reclaimed water sold(m3/y) 16110 | 28200 | 29622 | 30570 | 31518 | 32340 | 33810 | 34158 | 34506 | 34680
phosphorus concentration in effluent(kg/m3) 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003
Recovered Phosphorus(kgly) 48 85 89 92 95 97 101 102 104 104
price of the Phosphorus(N1S/kg) 8 8 8 8 8 8 8 8 8 8
Benefit from the recovered Phosphorus(N1S/y) 387 677 711 734 756 776 811 820 | 828 832

e The benefits from the employment were included in the costs and benefits of the

irrigation of the lands, many items including the costs of the workers in the lands

were taken into consideration in the marginal benefits calculations.

The total External benefits are illustrated in Table5-37.

Table 5-37: Total External benefits from the reuse project in Taybeh & Rammun.

year 2016

2017 2018

2019

2020

2021

2022

2023

2024

2025

Total external benefits (NIS) 250389

298350 | 302587

305412

308237

312278

319045

321673

324301

325615
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5- External costs: as illustrated in the methodology, the health risks and costs is the

main item in the costs, the vaccinations costs are calculated as illustrated in

Table5-38.

Table 5-38: Costs of vaccinations for the farmers in Taybeh & Rammun reuse project.

year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
No. of farmers 350 359 368 377 386 396 406 416 426 437
No. of farmers to take vacciations 350 9 9 9 9 10 10 10 10 11
price of diptheria vaccinations (NIS) 5 5 5 5 5 5 5 5 5 5
price of HAV & HBV vaccinations (NIS) 22 22 22 22 22 22 22 22 22 22
Total costs (NIS) 9247 231 237 243 249 255 262 268 275 282

The costs to benefits difference for the external items are illustrated in Table5-39.

Table 5-39: Costs- Benefits for the external items of the reuse project in Taybeh &

Rammun.
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
CBA for the external items(NIS) 241142 | 298118 | 302350 | 305169 | 307988 | 312022 | 318783 | 321405 | 324026 | 325333

From Table5-39 we can conclude that the external benefits exceed the external costs, so

the social and environmental benefits are higher than the costs, which will have very

positive effects on the people and farmers.

The net present value:

The net present values for the costs and benefits are calculated and illustrated in the

Table5-40.
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Table 5-40: NPV for Taybeh & Rammun reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Total internal costs (NIS) -896779| -64704 | -66021 | -67141 | -68278 | -69377 | -70785 | -71707 | -72648 | -73530
Total internal benefits (NIS) | 16110 | 28200 | 29622 | 30570 | 31518 | 32340 | 33810 | 34158 | 34506 | 34680
Total external costs (NIS) -9247 | -231 -237 -243 -249 -255 -262 -268 -275 -282
Total external Benefits (NIS) | 250389 | 298350 | 302587 | 305412 | 308237 | 312278 | 319045 | 321673 | 324301 | 325615
Cashflow -639527| 261614 | 265951 | 268598 | 271228 | 274986 | 281808 | 283856 | 285884 | 286483
NPV (NIS) 1249206

From the previous table the NPV for Taybeh & Rammun reclaimed water reuse project is

1,249,206 (NIS), which is positive value and implies that the reuse project is justified to

be implemented.

Table 5-41: B/C for Taybeh & Rammun Reclaimed Water Reuse Project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Total Costs -906026| -64936 | -66258 | -67384 | -68527 | -69632 | -71046 | -71975 | -72923 | -73812
Total Benefits 266499 | 326550 | 332209 | 335982 | 339755 | 344618 | 352855 | 355831 | 358807 | 360295
Costs NPV -1331634
Benefits NPV 2580840

B/C 1.94

e From Table5-41 it can be noted that the B/C ratio for AlTaybeh and Rammun

reuse project is 1.94, which indicates that the reuse project is justified.
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5.3 Al Taybeh & Rammun Reclaimed Water Use in Concrete Mixing
Industry

As illustrated in the previous section, this study suggests two alternatives for the
reclaimed water reuse project, one is discussed in the previous section (restricted
irrigation), the second is the reuse of the reclaimed water in the industry (ready mix
concrete) where there is major concrete mixing company (Al Mazraa Al Sharqya
company for ready mix concrete) which is about 1 km away from the WWTP, due to the
lack of water resource this company can buy all the treated water to use it for concrete

mixing.
5.3.1 Costs and benefits quantification:

This type of projects includes internal costs and benefits, where we can neglect the
external costs and benefits because they are relevant to the industry.

o Internal benefits: it includes the benefits from selling the reclaimed water to the
factory, all the generated treated water will be taken by the factory to cover the
water shortage in the factory, the benefits will be calculated upon reclaimed water
tariff of 1 NIS/m?, so as to compare the results with the irrigation reuse project,
the calculated benefits are illustrated in Table5-42.

Table 5-42: Internal benefits from selling the reclaimed water to the concrete

mixing project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025
Treated water Generated (m3/y) 18250 | 56940 | 59979 | 61559 | 63181 | 64845 | 66553 | 68306 | 70105 | 71952
Reclaimed water sold(m3/y) 18250 | 56940 | 59979 | 61559 | 63181 | 64845 | 66553 | 68306 | 70105 | 71952
Reclaimed water price(NIS) 1 1 1 1 1 1 1 1 1 1
Benefits from reclaimed water sold(NIS) | 18250 | 56940 | 59979 | 61559 | 63181 | 64845 | 66553 | 68306 | 70105 | 71952

o Internal Costs: including the investment costs for the convyance, storage, pumps
and tertiary treatment for the efluent, the depreciation costs and the operation and

maintenance costs for the pumps.
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For the investment and depreciation costs, the project will inlude pumping the
reclaimed water from the WWTP by one centrifugal pump with transmisssion 4”
PE pipeline from the WWTP to storage tank of 500 m® and another 4” PE
pipeline from the storage tank to the concrete mixing factory, Table5-43
illustrates the costs of the pipes and fittings with depreciation rate of 2.5% per

year.

Table 5-43: Pipes and fittings costs for the industrial reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Investment cost (NIS) 64000 0 0 0 0 0 0 0 0 0

Depreciation rate 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025

1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600

Depreciation cost(NIS)

The costs of one 500m3 storage tank is illustrated in Table5-44.

Table 5-44: Storage costs for the industrial reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025
Investment cost (NIS) 100000 O 0 0 0 0 0 0 0 0
Depreciation rate 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025
Depreciation cost(NIS) 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 2500 | 2500 | 2500

The costs of one centrifugal pump is illustrated in Table5-45.

Table 5-45: Pump costs for the industrial reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025
Investment cost (NIS) 20000 O 0 0 0 0 0 0 0 0
Depreciation rate 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125| 0.125
Depreciation cost(NIS) 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 2500 | 2500 | 2500

The costs of the tertiary treatment is illustrated in Table5-46.
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Table 5-46: Tertiary treatment costs for the industrial reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025
Investment cost (NIS) 3500001 0 0 0 0 0 0 0 0 0
Depreciation rate 0.025 | 0.025 | 0.025 | 0.025 | 0.025] 0.025 | 0.025 | 0.025 | 0.025 | 0.025
Depreciation cost(NIS) 8750 | 8750 | 8750 | 8750 | 8750 | 8750 | 8750 8750 | 8750 | 8750

The electricity costs is considered as the operation and maintenance costs,
because there is one beneficiary which is the company, so no need for someone to
operate the network, just the operator of the WWTP can operate the pumps, the
electrcity consumption for the pump is calcualted and found to be 0.3 NIS/m?®,

Table5-47 illustrates the operation and maintenance costs.

Table 5-47: Operation and maintenance costs for the industrial reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Reclaimed water pumped (m®)| 18250 | 56940 | 59979 | 61559 | 63181 | 64845 | 66553 | 68306 | 70105 | 71952

Electricity Cost (NIS/m?°) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Electricity Costs (NIS) 5475 | 17082 | 17994 | 18468 | 18954 | 19453 | 19966 | 20492 | 21032 | 21586

The total costs , benefits , cashflow and the NPV for the reuse project is illustrated
in Table5-48.

Table 5-48: NPV for the industrial reuse project

Year 2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 2023 | 2024 | 2025
Total internal benefits yearly (NIS) 18250 | 56940 | 59979 | 61559 | 63181 | 64845 | 66553 | 68306 | 70105 | 71952
Total internal costs yearly (NIS) -554825 | -32432]-33344|-33818|-34304|-34803| -35316 | -35842 |-36382| -36936
Cash flow for the reuse project (NIS) -536575 | 24508 | 26635 | 27741 | 28876 | 30041 | 31237 | 32464 | 33724 | 35016
NPV for the Project (NIS) 310512

As illustrated in Table5-48, the costs exceed the benefits, especially in the first
year due to the high investment costs, as a private sector reuse project, the local
village council should at minimum to recover the costs related to the reuse
project, so the reclaimed water tariff should be adjusted to 1.7 N1S/m® so as to
recover the costs and make the NPV for the project to be positive, the following

table illustrates the calculation made after the modification.
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Table 5-49: NPV for the industrial reuse project after modification of the reclaimed water
tariff to 1.7 NIS/m°.

Year 2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Total internal benefits yearly (NIS) 31025 | 96798 |101965]|104651|107407]110236( 113140 | 116120] 119179 122318
Total internal costs yearly (NIS) -554825 | -32432(-33344|-33818 [-34304|-34803 -35316 | -35842 | -36382 | -36936
Cash flow for the reuse project (NIS) -523800 | 64366 | 68621 | 70833 | 73103 | 75433 | 77824 | 80278 | 82797 | 85383
NPV for the Project (NIS) 6077

From the previous table, the NPV is positive and shows very little marginal

benefits, but the reuse project is relatively justified.
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5.3 Alteereh reclaimed water reuse project:

Determine scope and objectives:

The reuse of reclaimed water project aimed at raise the productivity of the rain fed
lands in Alteereh to produce more food, increase the farmer’s income, and increase
the reclamation of the agricultural lands in both towns and to protect Ein ginya spring

which considered as recreational place for tourists.
The constrains identification

Alteeren MBR WWTP produce treated water with high quality of (10, 10,10) mg/l as
BOD, TSS and TN respectively, this quality match the PSI grade A for the use of the
reclaimed water in irrigation, so the treated water can be used in unrestricted

irrigation.

The availability of cultivated lands is considered as constrain, due to the geographical
nature of the village where it is located between mountains and limited plain lands

available to cultivate cereals.
The alternatives identification

The AMBR now produces about 1200 m*/d of treated water, which can be used in
unrestricted irrigation, the available lands in mountains are cultivated in olives,

almonds and figs, and the plain areas cultivated with field crops.

The proposed reuse project in this study is to implement reuse water network with
one storage tank for the higher lands, and one transmission line from AMBR to the
village where we can save the pumping costs, in Figure 24 illustration about the

proposed project.
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Figure 24: plan for the AMBR proposed reuse project.

Cost and benefit identification

The costs involving the proposed irrigation project include the following items:

e Investment costs for the reuse project (pump, storage and conveyance).

e Operation and maintenance costs, for the pumps and the distribution network.

e Depreciation costs, as every item of the reuse project have service life and then

should be replaced.
The benefits from the irrigation project are:
e Improved crop production due to the use of the reclaimed water.
e Nutrients provided by the reclaimed water which can reduce the fertilizers costs.

e Employments opportunities as the reuse project will need staff for operation and
maintenance and the availability of reclaimed water to use in agriculture will push

people to work more in their lands.
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Cost and benefit quantification

The internal costs and benefits will be quantified as the quantity of reclaimed water used
in irrigation of available lands, the costs of the pumps, pipes, storage and conveyance
system, also the operation and maintenance costs including one operator for the operation
and maintenance of the system, the electriciy used in operatong the pumps will be
estimated as the average pumping costs for the storage reservoiur is 0.3 NIS/m?, we
found that most of the agricultural lands are mainly planted with olives, almonds and figs
beside the felid crops in the plain areas. The estimated area which can be served with the
reuse network is about 500 dunums. Data about the costs and revenues from planting
every type of plants were taken from the GFA study which was estimated based on water

service fees of 1 NIS/m? of reclaimed water.
The costs and benefits for the reuse project were calculated as follows:
1- Internal Benefits:

o the benefits from selling the treated effluent from the wastewater treatment plant,
where not all the reclaimed water will be utilized by the farmers, the number of
available dunums to be irrigated will be estimated, and the needed quantities of
reclaimed water will be calculated compared to the available treated water and the

irrigated lands.

The expected reclaimed water generated is calculated using the exponential
growth equation as follows:

Qn = Qox e™”

Where:

Qn : The Expected Quantity of treated water at year n (m®/yr).
Qo : The Quantity of Treated water at year 0 (m*/yr).

n : Number of Years.
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r : natural population growth rate 2.6%/yr.

Data taken from the local village council about the available lands to be irrigated

and the crops cultivated in these lands, these data were used to estimate the

expected reclaimed to be used in irrigation yearly, Figure 25 used to determine the

quantities of reclaimed water to be used as an example for the year 2025.
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Figure 25 Expected Reclaimed Water Reuse in Alteereh during the year 2025.

The Expected quantities of reclaimed water generated and the expected reclaimed water

to be reused results are illustrated in the Figure26.
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Figure 26: Expected Reclaimed Water Generated and Reused Yearly (m3/yr) in Alteereh.

The benefits from selling the reclaimed water to the farmers are calculated upon the

reclaimed water tariff of 1 NIS/m®. Table5-50 shows the calculated benefits yearly.

Table 5-50: The benefits from selling the Reclaimed Water for Farmers in Alteereh.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Treated water (M3/Y) 432000 | 443379 | 455058 | 467045 | 479347 | 491974 | 504933 | 518233 | 531884 | 545894
Reclaimed Water Sold (MS/Y) 87300 90300 93915 104250 | 112950 | 112950 | 112950 | 112950 | 112950 | 112950
Reclaimed Water Price(NIS) 1 1 1 1 1 1 1 1 1 1
Benefits from Reclaimed Water Sold (N1S) 87300 90300 93915 104250 | 112950 | 112950 | 112950 | 112950 | 112950 | 112950

e Internal costs: investment costs and operation and maintenance costs for the reuse

projects.

e Investment cost: : including the pumps, reservoirs, pipes and fittings, civil and
installation works and if there is any need to additional treatment process, the

following equation used for the calculation of the investment cost.
Cl=(Np * Pp) + (Ns xps) + (Cf = Pf) + (Ct * Pt)

Dc= +x Cl
n
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Tables 5-51 to 5-57 illustrate the items of the reuse project with its related costs:

o Conveyance system: which include the pipes, fittings and installations of the reuse

network, also the depreciation costs were calculated based on the data taken from

Table (5-2) where the conveyance system average service life is 40 years. Tableb-

51 illustrates the costs of the reuse network.

Table 5-51: Conveyance system costs (PARC, 2013).

Item Quantity | Unit Price of unit (NIS) | Total (NI1S)
PE 6" 6000 m 50 300000
PE 4" 5500 m 27 148500
PE 2" 10000 m 6.75 67500
PE 32mm 20000 m 2.7 54000
PE 16mm 10000 m 1.35 13500
Fittings and Installation LS NA NA 115000
Total Fittings 698500

The depreciation rate for the coveyance system is 2.5% per year. Table5-52 illustrates

the depreciation costs for the coveyance system.

Table 5-52: Depreciation costs for the coveyance system in Al Teereh.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Investment Cost (NIS) 698500 0 0 0 0 0 0 0 0 0

Depreciation Rate 0.025 | 0025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025
Depreciation Cost (NIS) | 17463 | 17463 | 17463 | 17463 | 17463 | 17463 | 17463 | 17463 | 17463 | 17463

« Storage : including 500 m* metallic storage tank used for the storage of treated

wastewater, then the treated wastewater flows by gravity to the farmers in the

high areas, the depreciation cost calculated as the average service life of 40 years,

the investment cost for the tank is 100,000(NIS) with depreciation rate of 2.5%

per year. Table5-53 illustrates the costs related to storage.
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Table 5-53: Costs of Storage system at Alteereh reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Investment Cost (NIS) 100000 | 0O 0 0 0 0 0 0 0 0

Depreciation Rate 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0025 | 0.025 | 0.025 [ 0025 | 0.025
Depreciation Cost (NIS) 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500

e Pumps: centrifugal pump is used to lift the treated wastewater from the treatment

plant to the storage tank, the investment cost of the pumps is 30,000 (NIS), and

the average service life of it is 8 years with depreciation rate of 12.5% per year.

Table5-54 illustrates the costs related to the pump.

Table 5-54: Costs of the reclaimed water pump at Alteereh reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Investment Cost (NIS) 30000 0 0 0 0 0 0 0 0 0

Depreciation Rate 0125 | 0125 | 0125 | 0.125 | 0125 | 0125 | 0.125 | 0125 | 0125 | 0.125
Depreciation Cost (N1S) 3750 | 3750 | 3750 | 3750 | 3750 | 3750 | 3750 | 3750 | 3750 | 3750

e Operation and maintenance costs: the operation and maintenance of the reuse

system can be done by one employee, also the needed parts cost for the

maintenance can be recovered from the users, so the employee has a monthly

salary of 2,200 (NIS) with an annual increase rate of 2.5%. Table5-55 illustrates

the calculated costs related to the operation and maintenance of reuse scheme.

Table 5-55: O&M costs for Alteereh reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Increase Rate of Salary [ 0.025 | 0025 | 0.025 | 0.025 | 0.025 | 0025 | 0025 | 0.025 | 0.025 | 0.025
Total salary Yearly (NIS) | 26400 | 27060 |27736.5 | 28429.9| 29140.7 | 29869.2 | 30615.9 | 31381.3 | 32165.8| 32970

e The electricity costs for the operation of the pump is calculated to be with average

value of 0.3(NIS/m®), because the storage tank is located 1km away at 140m

elevation difference, where just about 30% of the reclaimed water used is pumped
because the AMBR WWTP located at higher elevation than most of the

agricultural lands, and just about 30% of lands located in elevation higher than the
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AMBR WWTP, so the electricity costs of pumps are calculated as illustrated in
Table5-56.

Table 5-56: Electricity costs for the pumping system in Alteereh reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Reclaimed Water Pumped (M°/Y) 26190 | 27090 |28174.5| 31275 | 33885 | 33885 | 33885 | 33885 | 33885 | 33885
Electricity cost (NIS/M®) 0.3 0.3 0.3 0.3 0.3 03 0.3 0.3 0.3 0.3

Electricity costs (NIS/Y) 7857 | 8127 | 8452 | 9383 | 10166 | 10166 | 10166 | 10166 | 10166 | 10166

o The total internal costs are illustrated in Table5-57.

Table 5-57: Total internal costs for Alteereh reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Total Internal Costs Yearly (NIS) | 886470 | 58900 | 59901 | 61525 | 63019 | 63747 | 64494 | 65259 | 66044 | 66848

After comparing the Total internal costs and benefits we found that the reuse project is
feasible, as the benefits are higher than the costs, but in the first year we can see that the
costs are higher than the benefits because of the investment costs, but usually these costs
are covered by the donors so we can neglect the investment costs if donor implement the

project. Table5-58 illustrates the costs- benefits difference.

Table 5-58: CBA for Internal items of the reuse project in Alteereh.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Cost-Benefits for Internal Items (NIS) | -799170| 31401 | 34014 | 42725 | 49931 | 49203 | 48456 | 47691 | 46906 | 46102

From Table5-58 we can conclude that the reuse project is very acceptable and feasible, if
it is implemented by donors or the government, as the reuse project can generate
additional income for the local village council, this can encourage the village council to
invest in increasing the expansion of the reuse network so as to increase the rehabilitation

of the agricultural lands.

o External benefits: as illustrated in the methodology, the external benefits
including the marginal benefits from irrigating the crops which is usually been

rain fed, the nutrient recovery from the reclaimed water as fertilizer, and the
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employment opportunities which created by the availability of the water to work

in the agricultural lands.

o Marginal benefits from irrigating the crops: most the agricultural lands in served
in treated water reuse project in Ein ginya village is cultivated in olives, orchards
and field crops, all these crops are rainfed, but when the crops are irrigated with
reclaimed water the crop production will improve and also the benefits will
increase, the marginal benefits are calculated by estimating the area cultivated in
the crop and then multiplying it by the difference between the benefits from the
crops which are rainfed and the benefits from irrigating the crops, in Ein Qinya
village the estimated agricultural area proposed to be served by the reuse project
and is cultivated in olives, orchards and wheat are (250,75,130) dunum
respectively, but because there is surplus of reclaimed water all over the year,
many other types of trees can be cultivated in this area, but due to the weather
conditions the grapes and figs is proposed to be cultivated in the area, the
following table illustrates the benefits per dunum for every crop with and without

the reuse project:

Table 5-59: Marginal benefits from the reuse project (GFA, 2015, Mizyed, 2013).

olives Almonds Wheat Figs Grapes
Crop
Rainfed | Irrigated | Rainfed | Irrigated | Rainfed | Irrigated | Rainfed | Irrigated | Rainfed | Irrigated
Net benefits (NIS/dunum) 708 | 1965 | 3382 | 6539 [ 453 830 | 1632 | 3887 | 1889 | 3669
Marginal benefits (N 1S/dunum) 1,257 3,157 377 2,255 1,780

The marginal benefits from irrigating the olive trees are illustrated in Table5-60.

Table 5-60: Marginal benefits from irrigating olives in Alteereh.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Marginal benefits from irrigating olives (N1S/dunum.year) 1257 1257 1257 1257 1257 1257 1257 1257 1257 1257
Number of dunums of olive 200 200 210 250 300 250 250 250 250 250
benefits from irrigating olives (N1S) 251400 | 251400 | 263970 | 314250 | 377100 | 314250 | 314250 | 314250 | 314250 | 314250

The marginal benefit from irrigating the almonds trees is illustrated in the Table5-61.
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Table 5-61: Marginal benefits from irrigating Almonds in Alteereh.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Marginal benefits from irrigating Almonds (N1S/dunum.year) 3157 3157 3157 3157 3157 3157 3157 3157 3157 3157
Number of dunums of Almonds 60 65 70 75 75 75 75 75 75 75

Berefits from ifrigating Akmonds (NIS) 189420 | 205205 | 220990 | 236775 | 236775 | 236775 | 236775 | 236775 | 236775 | 236775

The marginal benefit from irrigating the wheat cereals is illustrated in Table5-62.

Table 5-62: Marginal benefits from irrigating Wheat in Alteereh.

year 2016 | 2017 | 2018 | 2019 | 2020 [ 2021 | 2022 | 2023 | 2024 | 2025
Marginal benefits from irrigating Wheat (N1S/dunum. year) 3 3 3n 3n 3 3 3n 3n 3 3
Number of dunums of Wheat 120 120 120 130 130 130 130 130 130 130
Benefits from irrigating Wheat (N1S) 45240 | 45240 | 45240 | 49010 | 49010 | 49010 | 49010 | 49010 | 49010 | 49010

The marginal benefit from irrigating the Figs trees is illustrated in Table 5-63.

Table 5-63: Marginal benefits from irrigating Figs in Alteereh.

year 2016 | 2017 | 2018 | 2019 [ 2020 [ 2021 | 2022 | 2023 | 2024 [ 2025
Marginal benefits from iigating Figs (NIS/durum. year) 2255 | 2,255 | 2,255 | 2,255 | 2,255 | 2,255 | 2,255 | 2,255 | 2,255 | 2,255
Nurmber of dunums of Figs 50 50 50 50 50 50 50 50 50 50
Berefits from iigating Figs (NIS) 112750 | 112750 | 112750 | 112750 | 112750 | 112750 | 112750 | 112750 | 112750 | 112750

The marginal benefit from irrigating the Grapes trees is illustrated in Table5-64.

Table 5-64: Marginal benefits from irrigating Grapes in Alteereh.

year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Marginal benefits from irrigating Grapes (NIS/dunum. year) 1,780 1,780 1,780 1,780 1,780 1,780 1,780 1,780 1,780 1,780
Number of dunums of Grapes 20 20 20 20 20 20 20 20 20 20
Benefits from irrigating Grapes (NIS) 35600 | 35600 | 35600 | 35600 | 35600 | 35600 | 35600 | 35600 | 35600 | 35600

o Benefits from the nutrients recovery for both nitrogen and phosphorus, where the
recovered nitrogen was calculated based on its concentration in the effluent (10
mg/l), and (3 mg/l) for the phosphorus, where market prices of (7.6, 8 NIS/kg)
respectively for the fertilizers included the nitrogen and phosphorus, these
benefits considered as environmental benefits. the following equation was used to

calculate benefits:
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n
B2 = Z(ACPH X SPPn) + (ACNn * SPNn)

n=0

The calculated benefits from the nutrients recovery are in tables5-65 and 5-66.

Table 5-65: Expected benefits from nitrogen recovery as fertilizer in Alteereh.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Reclaimed water Used(msly) 87300 | 90300 | 93915 | 104250 | 112950 | 112950 | 112950 | 112950 | 112950 | 112950
Nitrogen concentration in effluent(kg/m®) 0.010 | 0.010 | 0.010 | 0.010 | 0.010 | 0.010 | 0.010 | 0.010 | 0.010 | 0.010
Recovered Nitrogen(kgly) 873 903 939 1043 1130 1130 1130 1130 1130 1130
Price of the Nitrogen(N1S/kg) 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6

Benefit from the recovered nitrogen(N1S/y) 6635 6863 7138 7923 8584 8584 8584 8584 8584 8584

Table 5-66 : Expected benefits from phosphorus recovery as fertilizer in Alteereh.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Reclaimed water Used(m3/y) 87300 | 90300 | 93915 | 104250 | 112950 | 112950 | 112950 | 112950 | 112950 | 112950
Phosphorus concentration in efﬁuent(kglm3) 0.003 0.003 | 0.003 | 0.003 | 0.003 0.003 0.003 | 0.003 | 0.003 | 0.003
Recovered Phosphorus(kgly) 262 271 282 313 339 339 339 339 339 339
price of the Phosphorus(N1S/kg) 8 8 8 8 8 8 8 8 8 8

Benefit from the recovered Phosphorus(N1S/y) 2095 2167 2254 2502 2711 2711 2711 2711 2711 2711

The benefits from the employment were included in the costs and benefits of the

irrigation of the lands, many items including the costs of the workers in the lands
were taken into consideration in the marginal benefits calculations.

The total External benefits are illustrated in Table5-67.

Table 5-67: Total External benefits from the reuse project in Alteereh.

Year

Total benefits (NIS)

2016
643140

2017

2018

2019 2020

2021

2022 2023

2024 2025

659225

687942

758810 | 822530

759680 | 7596

80 | 759680

759680 | 759680

Note that the external benefits increasing with the time due to the increase in the quantity

of reclaimed water used in irrigation.

External costs: as illustrated in the methodology, the health risks and costs is the

main item in the costs, the vaccinations costs are calculated, information taken
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from the local village council about the approximately number of farmers

working in the targeted area, the costs are calculated as illustrated in Table5-68.

Table 5-68: Costs of vaccinations for the farmers in Alteereh reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
No. of farmers 500 513 525 538 552 566 580 594 609 624
No. of farmers to take vacciations 321 13 13 13 13 14 14 14 15 15
price of diptheria vaccinations (N1S) 5 5 5 5 5 5 5 5 5 5
price of HAV & HBV vaccinations (NIS) 22 22 22 22 22 22 22 22 22 22
Total costs (NIS) 8481 330 339 347 356 365 374 383 393 402
The costs to benefits difference for the external items are illustrated in Table5-69.
Table 5-69: Costs- Benefits for the external items of the reuse project in Alteereh.
Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
External Costs (NIS/yr) 8481 330 339 347 356 365 374 383 393 402
External Benefits (N1S/yr) 643140] 659225 687942 | 758810| 822530 759680 759680 759680 759680 759680
CBA for the External ltems 634659 658895| 687603 | 758463 822174 | 759315 759306 | 759297 | 759287 759278

From table5-69 we can conclude that the external benefits exceed the external costs, so

the social and environmental benefits are higher than the costs, which will have very

positive effects on the people and farmers.

The net present value:

The net present values for the costs and benefits are calculated and illustrated in the
table5-70.
Table 5-70: NPV for Alteereh reuse project.

Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Total internal costs (NIS)  [-886470| -58900 | -59901 | -61525 | -63019 | -63747 | -64494 | -65259 | -66044 | -66848
Total internal benefits (N1S) | 87300 | 90300 | 93915 | 104250 | 112950 | 112950 | 112950 | 112950 | 112950 | 112950
Total external costs (NIS) | -8481 | -330 | -339 | -347 | -356 | -365 | -374 | -383 | -393 | -402
Total external Benefits (NIS) | 643140 | 659225 | 687942 | 758810 | 822530 | 759680 | 759680 | 759680 | 759680 | 759680
Cashflow -164510] 690295 | 721617 | 801188 | 872106 | 808518 | 807762 | 806988 | 806194 | 805380

NPV (NIS) 5172963
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From the previous table the NPV for Alteereh reclaimed water reuse project is 5,172,963
(NIS), which is positive value and implies that the reuse project is justified to be

implemented.
The B/C ratio is calculated as illustrated in the following table.

Table 5-71 : B/C ratio for Alteereh reuse project.

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Total Costs (NIS) -894950| -59230 | -60240 | -61872 | -63374 | -64112 | -64868 | -65642 | -66436 | -67250
Total Benefits (NIS) 730440 | 749525 | 781857 | 863060 | 935480 | 872630 | 872630 | 872630 | 872630 | 872630
Costs NPV -1281134
Benefits NPV 6454096

B/C 5.04

From Table 5-71 it can be noted that the B/C ratio for Alteereh project is 5.04 which is
very high, and indicates that the project is strongly justified, as the benefits are very high

compared to the costs.
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6 CHAPTERSIX

CONCLUSIONS AND RECOMMENDATIONS

Analysis of reclaimed water reuse projects should consider the monetary and non-
monetary aspects. This study aimed at implementing CBA of three selected reuse projects
in Palestine, variable CBA data were obtained considering the treatment technologies
applied, reclaimed water quality and quantity, and the availability of agricultural land.
Hence, CBA for planned reuse projects should be evaluated on a case by case basis.

e Anza reclaimed water reuse project CBA shows that the internal costs which
should be covered by the local village council is higher than the internal benefits,
but when consider the external benefits which is much higher than the external
benefits and made the CBA for project to be positive, 1,150,380 (NIS) is the NPV
for the reuse project in irrigation of the agricultural lands during the period of 10
years. This implies that the government should support the village council and the
farmers in implementing the project by covering the internal costs (investment
costs, depreciation costs and operation and maintenance costs), so as to get the
benefits from the treated effluent which is considered as wastewater flows into the
streams without any use. The main constraint of the project is the limited treated
effluent quantity especially during the summer period. The C/B ratio for this
project obtained is 2.55 which indicate that the project is justified as the benefits

are nearly more than the double of the costs.

e Al Taybeh and Rammun reclaimed water reuse project CBA shows that the
internal costs are higher than the internal benefits, where the local village council
should cover this difference, but considering the external benefits which are
higher than the costs of the project, 1,249,206 (NIS) is the NPV for the reuse
project in irrigation of the agricultural lands during the period of 10 years, this
implies that the government should support the village council and the farmers in

implementing the project by covering the internal costs (investment costs,
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depreciation costs , operation and maintenance costs and the advanced treatment
costs), so as to get the benefits from the treated effluent which is considered as
wastewater flows into the streams without any use. The main constraints of the
project are the effluent quality which is not matching the PSI requirement for
reuse in irrigation and the limited treated effluent quantity especially during the
summer period. The C/B ratio for the reuse project in irrigation obtained is 1.94
which indicates that the project benefits are more than the costs, and gives a good
indication about the project justification. But it is noted that the C/B ratio for AL
Taybeh and Rammun project is the least as a result of the tertiary treatment costs
involved in this project, due to the low treated wastewater quality from the

WWTP which does not match the PSI standards for reuse in irrigation.

The second alternative for the reuse project in Al Taybeh and Rammun reclaimed
water reuse project is using the reclaimed water in concrete mixing industry,
where there is one concrete mixing factory near the WWTP and can take all the
generated reclaimed water due to the water shortage in the area, after calculating
the costs and benefits of the project, it was found that it did not have external
costs and benefits (environmental and social), so just the internal costs and
benefits had been calculated upon the tariff of 1 NIS/m?, then the NPV for the
project found to be -315512 (NIS), which negative value and shows that the
project is not justified, but after adjusting the reclaimed water tariff to 1.7 N1S/m?,
the NPV for the project converted to be 6077 (NIS), which is positive value but
also low benefit value, so the reuse project in AL Taybeh and Rammun in

restricted irrigation is more justified.

Alteereh reclaimed water reuse project which targets to irrigate the agricultural
lands in Ein Qinya village, the CBA shows that the internal benefits are higher
than the internal costs except the first year, where the investment costs are very
high, so the government should support the village council in implementing the
project and then the village council can operate the project with marginal benefits
which can add economic source of money for the local village council, 5,172,963

(NIS) is the NPV of the reuse project in irrigation of the agricultural lands during
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the period of 10 years, which is high value and shows that the project is strongly
justified to be implemented so as to get benefit from the treated water which is
considered as wastewater and flows from the WWTP to the stream. The main
constraint of the reuse project is the availability of agricultural lands and the
allowed types of crops according to the PSI, which does not allow the farmers to
irrigate the vegetables with treated effluent. The C/B ratio obtained for this
project is 5.04 which indicate that the project is strongly justified as the benefits

are five times of the costs.

We can conclude that In Palestine, reclaimed water reuse projects not only have high
economic importance but also the socio-political issues play an important role in
reclaimed water reuse projects sustainability, as it reduces the unemployment rates and
increases the connection between the people and their lands.

We can’t neglect the political importance of reclaimed water reuse projects, as it supplies
the farmers with sustainable Palestinian controlled water source, which reduces the
dependency on the occupation water sources and leads to reclaim the unused agricultural
lands and protect the endangered in confiscation lands especially in area C.
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Recommendations

e The CBA criteria, developed in this study should be applied in the reclaimed
water reuse projects, choosing the most beneficial project shall guarantee

sustainable use of reclaimed water.

o Considering the PSI standards for reclaimed water reuse before choosing the
WWTP technology, so as to select the technology that meets the requirements for

irrigation; this can minimize the costs related to further treatment.

e To ensure a successful strategic framework for reuse project, public consultation

and raising awareness campaigns should start at early project stage.

e Governmental subsidization should be endorsed, since the local councils can’t
bear the investment and operation costs, to assure the sustainability of the
projects.

e During summer periods, more water demand for irrigation is needed, therefore,
capital expenditures for the construction of storage reservoirs urging for financial

support by the government and donors

e To reduce annual operational expenditures of pump systems, installation of

renewable energy sources (solar panels) warrant further studies.

87



References

Abu-Madi, M. (2005). Engineering Economics. In: Political Economy for Environmental
Planners. Lecture Notes. IWES, Birzeit University.

Abu-Madi, M., Al-Sa’ed, R. (2009). Towards sustainable wastewater reuse in the MENA
region. Consilience: The Journal of Sustainable Development 2(3), 1475-1481.

Abu-Madi, M., Al-Sa’ed, R., Braadbaart, O., Alaerts, G. (2008). Public perceptions
towards wastewater reuse in Jordan and Tunisia. Arab Water Council Journal, 1(11), 18-
32.

Alcon, F. (2013). Incorporating Non-market Benefits of Reclaimed Water into Cost-
Benefit Analysis: A Case Study of Irrigated Mandarin Crops in southern Spain.
Spain: Springer.

AlGhusain, 1., Terro, M. (2003). Use of treated wastewater for concrete mixing in
Kuwait. Kuwait: Kuwait University.

Alkhatib, I., Abu Hejlih, B. (2010). The Current Situation of Drinking Water and
Inhabitants’ Health in Tubas District- Palestine . Birzeit: Institute of
Environmental and Water Studies, Birzeit University.

Almasri, M.N. (2007). Nitrate contamination of groundwater: A conceptual management

framework. Environmental Impact Assessment Review 27, 220-242.

Alonso, S., Miguel, D., Tortajada, E., Ferrer, C., Sangtiesa, I., Roger, J. (2010). SIDECA
- A New Biological Denfitrification System. Spain: FACSA,.

Al-Sa’ed, R. (2007). Pathogens assessment in reclaimed effluent used for industrial crops

irrigation. Int. J. Environ. Res. Public Health (IJERPH) 4(1), 68-75.

Al-Sa’ed, R. (2015). Self Monitoring and Lab Analysis of Influent and Recalimed Water
from Anza and Beit Dajan WWTPs. Ramallah: PARC.

Al-Sa’ed, R., Alhindi, A. (2010). Challenges of transboundary wastewater management
for Palestinian communities along the Green Line — The Israeli-Palestinian
border. International Journal of Environmental Studies, 937-954.

Al-Sa’ed, R., Samarah, N.(2016). Origin and mass balance of heavy metals in Al-Bireh

sewage works: Liquid and sludge lines. (Submitted).

88



Al-Sa’ed, R. (2014). Technology Selection Strategy for Wastewater Treatment in

Palestine. A report submitted to Palestinian Water Authority, West Bank, Palestine.

Al-Sa’ed, R., Tomaleh, N. (2012). Performance evaluation of a full-scale extended
aeration system with emphasis on operation reliability and effluent quality for reuse.
Clean: Air, Water Soil, 40(11), 1250-1256.

AlTayebeh and Rammun Village Council. (2012). AlTaybeh and Rammun Wastewater
Treatment Plant. Ramallah.

Anza Village Council. (2015). Meeting with the head of Anza village council.

Agel, W., Mahmoud, N. (2015). Reusing of Treated Wastewater In Concrete Production.
Ramallah, Palestine: Birzeit University.

Arafat, W. (2012). The role of public awarness towards sustainable use of treated
wastewater in agriculture irrigation. Ramallah: Birzeit University.

Arvanitidou, Mamassi, Vayona. (2004). Epidemiological evidence for vaccinating
wastewater treatment plant workers against hepatitis A and hepatitis B virus.
Retrieved october 12, 2015, from http://www.ncbi.nlm.nih.gov/pubmed/15117120

AZCC. (2003). Arizona Cooperation Commession\ Depreciation Rates WW. Retrieved
Jan 5, 2016, from Arizona Cooperation Commession:
www.azcc.gov/Divisions/Utilities/forms/DepreciationRatesWW.doc

Bahri, A. (2008). Water reuse in Middle Eastern and North African countries. In:

Jimenez, B., Asano, T. (eds). Water reuse: an international survey of current practice,
issues and needs. IWA, London.

Beatriz de Blas, P. (2006). Net Present Value. https://www.thelibrarybook.net. Retrieved
Jan 13, 2016.

CDC. (2016). Center for Diseases Control and Prevention.
http://www.cdc.gov/vaccines/. Retrieved Jan 22, 2016.

Commonwealth of Australia. (2006). Handbook of Cost Benefit Analysis.

Anza and Beit Dajan Councils, (2016). Interview about the pilot reuse project in the
villages. Nablus.

89


https://www.thelibrarybook.net/
http://www.cdc.gov/vaccines/

Deek, Z., Abu-Madi, M., Al-Sa’ed, R. (2010). Acceptance of rural communities in
Ramallah and Al-Bireh Governorate to use treated wastewater. Dirasat: Engineering
Sciences 37(1), 117-126.

DEP. (2002). Tips for Pensylvania wastewater workers in staying healthy at work., from
http://www.dep.state.pa.us/dep/deputate/waterops/redesign/subpages/tipsforwww
orkers.htm (Retrieved December 12, 2015)

Enivronmental Protection Agency, (EPA). (1994). Water Recycling and Reuse: The
Environmental Benefits. http://www3.epa.gov/region9/water/recycling/
brochure.pdf. Retrieved December 15, 2015.

Environmental Quality Authority (EQA). (2011). Anza Wastewater Collection and
Treatment System EIA. Palestine.

Hernandeza, F. Urkiagab, A. De las Fuentesb, L. Bisc, B. Chirud, E. Balazse, B.
Wintgensf, T. (2006). Feasibility studies for water reuse projects:an economical
approach. Desalination, 253(261).

GES. (2012). AlTereh MBR Process Description. Ramallah.

GFA. (2015). Technical Assistance Project to Support Adaptation to Climate Change in
the Agricultural Sector of the West Bank (“TACAIF”’). Ramallah: GFA.

Greenberg, D. H. (1998). Cost Analysis Step by Step . USA: MDRC.

GWHP, G.-M. (2014). Water Scarcity,Security and Democracy:a Mediterranean Mosaic.
Greece: Global Water Partnership Mediterranean, Cornell University and the
Atkinson Center for a Sustainable Future.

Haruvy, N. (1997). Agricultural reuse of wastewater: nation-wide cost-benefit analysis.
Agric.Ecosyst. Environ., 66, 113-119.

Hiras, D., Manariotis, I., Grigoropoulos, S. (2004). Organic and nitrogen removal in a
two-stage rotating biological contactor treating municipal wastewater.
Bioresource Technology(91-98).

Hochstrat, R., Wintgens, T., Melin, T. (2008). Development of integrated water reuse
stratigies. Desalination.

Huertas, E., Salgot, M., Hollender, J., Weber, S., Dott, W., Khan, S., Schaefer, A.,
Chikurel, H. (2006). Key objectives for water reuse concepts. Desalination,
131(218).

90


http://www.dep.state.pa.us/dep/deputate/waterops/redesign/subpages/tipsforwwworkers.htm
http://www.dep.state.pa.us/dep/deputate/waterops/redesign/subpages/tipsforwwworkers.htm
http://www3.epa.gov/region9/water/recycling/%20brochure.pdf
http://www3.epa.gov/region9/water/recycling/%20brochure.pdf

Hussein, 1., Rachid, L., Hanjara, M., Marikar, F., Van Der Hoek, W. (2002). Wastewater
reuse in agriculture: Review of impacts and methodological issues in valuing
impacts. Sri Lanka: International Water Management Instiitute.

Jagals, P., Rietveld, L. (2008). Estimating costs of small scale water supply interventions
. In C. a. Gonzalez, Costing Improved Water Supply Systems for Low-income
Communities, A Practical Manual . Geneva: University of Geneva (UNIGE) .

Kihila, J., Mark Mtei, K., Nicolas Njau, K. (2014). Development of a Cost-Benefit
Analysis Approach for Water Ruse in Irrigation. International Journal of
Environmental Protection, 2(5).

Lavee, D. (2011). A cost—benefit analysis of alternative wastewater treatment standards: a

case study in Israel. Water Environmental Journal, 25(4), 504-512, 2011.

Lavee, D. (2013). National versus location-specific environmental standards: a cost—
benefit analysis of wastewater treatment standards in Israel. International Journal of
sustainable Development and World Ecology., 20(4), 369-383 20(4), 369-383.

Levine, A., Leverenz, H., Asano, T. (2015). Water Reclamation and Resue.in Water and
Health. From : www.eloss.net Retrieved January 15, 2016.

Molinos-Senante, M., Hernandez-Sancho, F., Sala-Garrido, R. (2011). Cost benefit
analysis of water-reuse projects for environmental purposes: A case study for
Spanish wastewater treatment plants. Journal of Environmental Management,
92(12),3091-3097.

McNeill, L., Almasri, M., Mizyed, N.(2009). A sustainable approach for reusing treated
wastewater in agricultural irrigation in the West Bank-Palestine. Desalination 248(1-
3), 315-321.

MEDAWARE. (2005). A detailed description of the reuse schemes applied in Palestine.
Palestine: EC.

MEDAWARE. (2005). Development of Tools and Guidelines for the Promotion of the
Sustainable Urban Wastewater Treatment and Reuse in the Agricultural
Production in the Mediterranean Countries. Palestine: Environmenta Quality
Authority.

MEDWWRWG. (2007). Mediterranean Wastewater Reuse Report. MED EUWI.

91


http://www.eloss.net/

MEKOROT. (2014). MEKOROT Wastewater Reclamation. from
http://www.mekorot.co.il/Eng/newsite/Solutions/WastewaterReclamation/Pages/d
efault.aspx Retrieved january 17, 2016.

MERAP. (2010). Guidelines for Using Reclaimed Wastewater in Agriculture. Ramallah.

Mizyed, N. (2013). Economic Assesment of Wastewater Resue: Greening Deir Sharaf
and Jalameh using Treated Wastewater Reuse for Agricultureal Development in
the West Bank Project. Ramallah: Near East Foundation.

Mizyed, N. (2013). Challenges to treated wastewater reuse in arid and semi-arid areas.

Environmental Science and Policy 25, 186-195.

Mogheir, Y., Abu Hujair, T., Ahmad, A., Fatta, D. (2005). Treated Wastewater Reuse in
Palestine. Ramallah: EQA.

Nazer, D. (2010). Water Scarcity to Sustainable Water Use in the West Bank, Palestine.
CRC press.

NEF. (2015). Greening Jalameh Treated Wastewater Reuse for Agricultural
Development In the West Bank (Phase Two). Nablus: Near East Foundation.

Neutrium. (2012). Pump Power Calculation. from: https://neutrium.net/equipment/pump-
power-calculation/ Retrieved December 10, 2015.

OECD. (2006). Cost-Benefit Analysis and the Environment Recent Developments. From,
www.oecd.org Retrieved December 10, 2015,

PARC. (2013). Anzah & Beit Dajan Reuse Project Tender. Palestine.

PCBS. (2014). Palestine Economic forecasts for 2015. from :
http://www.pcbs.qov.ps/site/512/default.aspx?tablD=512&lang=ar&IltemID=1295
&mid=3915&wversion=Staging Retrieved December 12, 2015.

PCBS. (2015). cpesdel/ Gpuishulill 1Sl Jisa/ Palestine: PCBS.

PCBS. (2015). Press Release on the Results of the Labour Force Survey.
http://www.pcbs.gov.ps/site/512/default.aspx?tablD=512&lang=en&IltemID=139
7&mid=3172&wversion=Staging Retrieved December 20, 2015.

Prashant, K., Rao, M. (2012). A Review of Rotating Biological Contactors System.
International Journal of Engineering Research and Applications, 2(5)2149-2153.

PSI. (2012). PSI 742-2003 and PSI 34-2012. Palestine: Palestine Standards Institute.

92


http://www.mekorot.co.il/Eng/newsite/Solutions/WastewaterReclamation/Pages/default.aspx
http://www.mekorot.co.il/Eng/newsite/Solutions/WastewaterReclamation/Pages/default.aspx
https://neutrium.net/equipment/pump-power-calculation/
https://neutrium.net/equipment/pump-power-calculation/
http://www.oecd.org/
http://www.pcbs.gov.ps/site/512/default.aspx?tabID=512&lang=ar&ItemID=1295&mid=3915&wversion=Staging
http://www.pcbs.gov.ps/site/512/default.aspx?tabID=512&lang=ar&ItemID=1295&mid=3915&wversion=Staging
http://www.pcbs.gov.ps/site/512/default.aspx?tabID=512&lang=en&ItemID=1397&mid=3172&wversion=Staging
http://www.pcbs.gov.ps/site/512/default.aspx?tabID=512&lang=en&ItemID=1397&mid=3172&wversion=Staging

Palestinian Water Authority (PWA). (2013). Water and Wastewater Policy and Strategies

in Palestine. Draft version report, PWA, West Bank, Palestine.

Research and Development (RAND) . (2007). Building a Successful Palestinian State.
Santa Monica: RAND Corporation.

Saltelli, A. (2001). SENSITIVITY ANALYSIS FOR IMPORTANCE ASSESSMENT .

Seder, N., Abd eljabbar, S. (2011). Safe Use of Treated Wastewater in Irrigation Case
Study Jordan. Jordan: ACWUA.

Shuval, H. (1999). Sustainable water development under conditions of scarcity: Israel as
a case study. In: Sustainable Development and Management of Water Resources: A
Legal Framework for the Mediterranean. Marchisio, S., Tamburelli, G.,Pecoraro, L.
(Eds). CNR Corso Vittorio Emanuele, Rome, Italy.

UNC. (2013). Water-Borne Diseases and their Effects, from :
http://cleannomore.web.unc.edu/wills-page-2/ Retrieved January 1, 2016

Vaccines. (2015). Diphtheria. from : http://www.vaccines.gov/diseases/diphtheria/
Retrieved Jan 3, 2016

Vogelesang, H. (2008). An introduction to energy consumption in pumps. World Pumps,
pp. 28-31.

Wikipedia. (2014). cost-benefit analysis. From:
http://en.wikipedia.org/wiki/Cost%E2%80%93benefit analysis. Retrieved March
8, 2014.

Zeitoun, M. (2008).Power and Water in the Middle East: The Hidden Politics of the

Palestinian-Israeli Water Conflict (London: I.B. Tauris).

93


http://cleannomore.web.unc.edu/wills-page-2/
http://www.vaccines.gov/diseases/diphtheria/
http://en.wikipedia.org/wiki/Cost%E2%80%93benefit_analysis

