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1. Introduction

In a period, where many areas worldwide are experiencing droughts and water stress,
particularly in the Middle East and North African (MENA) redigaré 1) with continuously
decreasing ground water level, water reuse has received growing attefwonld Resources
Institute 2019) Subsequently there is need for technologies andtsgi@s that can foster the
implementation of most adapted technologies and solutions. A main incentive for water
reclamatiort is the use of treated wastewater as a water resource for beneficial purposes,
because it can partly substitute the abstraction fodsh surface or groundwater. A sub
incentive is that wastewater is not discharged to receiving environments, thus reducing
pollution of water bodies.

THE MIDDLE EAST AND NORTH AFRICA IS THE MOST
WATER-STRESSED REGION ON EARTH

RAEEEIREIAERTEES ey N — dTwelve out of the 17 most water

Jop W) Toh  medil (al ene stressed countries are in the Middle East
and North Africa(MENA). The region is
hot and dry, so water supply is low to
begin with, but growing demands have
pushed countries further into extreme
stress. Climate change is set to complicai
matters further: The World
Bankfoundthat this region has the
greatest expected economic losses from
climate-related water scarcity estimated
at 6-14% of GDP by 2050. Yet there are
untapped opportunities to boost water
security in MENAAbout 82%of the
NBIA2yQa ¢l adaSplk 4GSt
harnessing this resource would generate
Soures /et new source of clean watér.

% AQUEDUCT LALLER R (World Resources Institute 2019)
figure 1: The Middle East and North Africa is the most wate
stressedregion on earth. (World Resources Institute 2019)

The general objective of the MADFORWATER project is to develop integrated technological

and management solutions to boost wastewater treatment and treated wastewater efficient

reuse for irrigation in selected hydrological basins in Egypt, Morocco and Tunisia. In particular,
22NJ] tFO1F3S 62t0 p WO { 0N i SsanaterlregobrceS 02y 2'Y
YIEYyFISYSYydQQ AYa (2 RS@St2L) adddr e®d@anda F2N

! Water or wastewater reclamation is the process of treating wastewater to turn it into water that can be
used for beneficial purposed/at er reuse refers to the beforpluirpiosleduse
conceptfWWDAP (United Nations World Water Assessment Programme) 2017)

1
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water & land management in agriculture, tailored to the three studied basins. This WP will
make use of two decision support tools (DSTSs) to support the development of strategies and
economic instruments for wastewater management and watedafd management in
agriculture. In this deliverable 5.2, the wastewater management strategies and the strategies
for water management in agriculture are developed separately. The proposed two types of
strategies will then be combined into bassnale integated water & land management
strategies in the upcoming deliverable 6.1.

This deliverable is organized as follows: in chapter 2, the elaboration of wastewater
management strategies for the three selected basins. In this chaptegim to develop an
assessment for water reclamation and reuse and establish exemplary {sasile strategies

that include economic instruments and other measures to foster implementation. This
assessment consists of three objectives, namely A) applying a desigport tool (C5T) for

water reclamation potential for municipal wastewater, B) applying a DST for simulating and
estimating lifecycle costs of projectlated technologies for water reclamation, and C)
assessing the nation#vel conditions for water reuse with a muttriteria decision analysis
(MCA) to identify drivers and barriers. This MCA consists of six thematic subjects, namely
policy and institution, economy, society, water management, legislation and environment. In
this research, wastewater reclamation is aheftl as cleaning of wastewater to a purity that

can be used for specific purposes. Wastewater reuse is defined as beneficial use of treated
wastewater(Asano, Burton, and Leverenz 2007)

This analysis was applied to three countries in Middle East and North Africa (MENA), which
are Egypt, Tunisia, and Morocco. Safeguarding water security in these counthakesging

and each country faces specific water management concerns.

Egypt has been suffering from severe water scarcity in recent years. Renewable freshwater
resources include only 20 cubic meters per person per year. As a result, the country relies
heavily on the Nile River for its main source of water. Egypt is already below the United
bridA2yaQ 6l SN LROSNIeé GKNBakK2fRX FYyR 0& HAH
2F al 0a2f dzi(§co Menda NG ThNGuardiahn 2005)

¢CdzyAdaAl Qa 6+ GSNI NBa2dzNDOSa | NB OKEFNIOGSNAIT SR
variations Furthermore, the country is subject to periodic droughts of various lengths. The
most common drought years have rainfall deficits ranging from 30% to 50%. Over the last
decade, Tunisia has achieved considerable success in expanding access to botmavater a
sanitation services, but challenges remé@meur 2007; World Bank 2014a)

Morocco is among the 45 countries facing water scarcity. It is confronted with dwindling
groundwater reserves and a strong dependence on-fathagriculture. Cultivable land is
compromised, because of water shortages and soil ero§idorocco World News 2017;
USAID 2017; pace Associatif 2012Jo overcome this problem, several laws and regulations
were adapted to improve the availability and quality of water resou(¢dsoukrallah et al.

2017)

Chapter 3 is devoted to the elaboration of sustainable water and land management strategies
in agriculture for the three selected basins. The proposed strategies take into account the
multifaceted perspective of the water and agricultural sectors considering technological,
economic, social, environmental, institutional, and governance aspects. In addition, they take
into account the increased amount of water obtained from improved wagerse and the
implementation of efficient irrigation technologies. In this chapter, three scenarios
characterized by different inputs are considered; the water availability scenario considering

2
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an increase in water availability obtained from treated wastwaeuse as well as the
decrease in fertilizer requirement (due to high levels of organic matter in treated WW), the
technology scenario considering the MADFORWATER new irrigation technology and the
policy scenario by applying different economic instrutsefor water management such as
water pricing, water quotas, subsidies, taxes, etc. The results of these scenarios are compared
with the baseline scenario.

Concluding remarks are finally presented in chapter 4.

2. Strategies and economic instruments for WW management (T&sk

FHNW)
2.1. Methodology: Development of a DST for the establishment of WW
management strategies
2.1.1. Local adaptation of a decision support tool for water reclamation

The assessment presented in tdeliverableis based on an open access{easibility
DST for water reusertlé etal. 2018 ¢ KS 5{ ¢ Q& LJzN1J2&aS Aa (2
that can treat wastewater to the desired qualiigr several representative case studies. The
user has to provide information about the wastewater to be reclaimed (i.e. quality
parameters and quantity), the desired reclaimed water quality (i.e. from a set of national
regulations and international guidaks), and local cost information. The DST automatically
proposes top ranking technology options from a database of benchmark treatment trains
(series of unit processes) based on lifecycle treatment costs or based on a weighting profile
defined by the user.t currently encompasses 3units processes combined into 70
benchmark treatment trains. The detailed description of the DST is presented in a dedicated
publication (Oertlé et al. 2019)The DST foaes on the prdeasibility stage and considers
potential water reuse schemes in a systemic approach schemati€ajlyr€2). This allows
determining if an identified area with potential for water reuse could lead to a feasible
reclamation scheme with current resources, technologied available information.

Water quality and quantity

1. Water and wastewater availability 2. Users of reclaimed Water

Municipal wastewater treatment plant
effluent

Agriculture

Industry

| Urban or domestic area |
| 3. Treatment Technologies

| Industry

Domestic area

Identify potential designs of treatment |

Urban area |

| LT LI T | Surface or groundwater recharge

‘ Technical feasibility |
‘ Cost, requirements and impacts |

Analysis and assessment

Figure2: Water reuse for prefeasibility in a systemic approach: (1) wastewater for reuse, (2) type of intended ret
(3) identification and assessment of technology.

It would be too extensive to describe in details the DSthis deliverableand most of it has
already been published. For more information on tbentent of the DST, its mode of

3
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calculation and data included, please refer to the following cpecess pulcation and
datasets:

A Publication with detailed description of the D&Jertlé et al. 2019)

A Externally hosted supplementary file 1, Oertlé, Emmanuel. (2018, December 5).
Poseidon Decision Support Tool for Water Reuse (Microsoft Excel) and Handbook
(Version 1.1.1). Zenodbittp://doi.org/10.5281/zen0do0.3341573

A Externally hosted supplementary file 2, Oertlé, Emmanuel. (2018). Wastewater
Treatment Unit Processes Datasets: Pollutant removal efficiencies, evaluation
criteria and cost estimations (Version 1.0.0) [Data set]. Zenodo.
http://doi.org/10.5281/zenodo.1247434

A Externally hosted supplementary file 3, Oertlé, Emmanuel. (2018). Treatment Trains
for Water Reclamation (Dataset) (Version 1.0.0) [Data set]. Zenodo.
http://doi.org/10.5281/zen0do.1972627

A Externally hosted supplementary file 4, Oertlé, Emmanuel. (2018). Water Quality
Classes Recommended Water Quality Based on Guideline and Typical Wastewater
Qualities (Version.0.2) [Data set]. Zenodbttp://doi.org/10.5281/zenodo.3341570

For this research, the DST has been adaptethéospecific cases of Egypt, Morocco, and
Tunisia, by including data and informationthe tool. Data were collected in a literature
research on typical wastewater qualities, national regulations on water quality requirements
for the compliance with different types of reuse, and local cost facs@sTable58andTable

59). Such factors include energy cost, personal cost and discowed (aé., interest minus
inflation rate). The whole set of collected data and the resulting DST is presented in
supplementary materials of thideliverableand has been uploaded to an open access
repository(Oertlé 2018a)

To conduct a generic assessment for the three countries, typical wastewater quality classes
in the Mediterranean and African Countries (MAC) have been established based on collected
local data and complemented with values from literat@fesano, Burton, and Leverenz 2007)
(Tablel). Specific contaminants from industrial wastewaters are not includethinlel (i.e.
polyphenols, fungicides, dyes) but should be considered when designing treatment trains
treating industrial wastewaterFurthermore, national regulations for wastewater reuse and
irrigation are considered together with ISO guidelines, as the achievable water quality targets
for the reclaimed water to be compliant.


http://doi.org/10.5281/zenodo.3341573
http://doi.org/10.5281/zenodo.1247434
http://doi.org/10.5281/zenodo.1972627
http://doi.org/10.5281/zenodo.3341570
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Tablel: ¢ & LIA OI €

ER

6FadSer GSNI Ijdz £ AdASA -WayISF PIRIAGYSA AR BB SW2BND DY 886 RS S NY BR @a S

ow

Water quality classes Turbidity | Total Biological Chemical Fecal Coliforms | Total Coliforms
[NTU] Suspended Oxygen Oxygen (FC) (TC) [CFU/100mI]
Solids (TSS) | Demand Demand [CFU/100ml]
[mg/L] (BOD) (CoD)
[ma/L] [mg/L]
Typical wastewater quality in the Mediterranean and African Countries (MA43ano et al. 2007b; Oertlé and Gauer 2018; Frascari 2019)
Municipal wastewater quality 100 400 400 1,000 10,000 5,600,000
Municipal wastewater treatment plant secondary
effluent 0.5 25 31 56 - 10,000
Olive mill wastewater - 12,000 40,000 60,000 1 1
Fruit and vegetable packaging wastewater - 250 350 700 8,000,000 30,000,000
Drainage canal water - 80 40 72 178,000 -
Textile wastewater 334 104 69 356 - -
BS ISO 160752:2015 Guidelines for treated wastewater use for irrigation profist 160752 2015)
Cat. A: Unrestricted urban irrigation and agricultural
irrigation of food crops consumed raw 5 10 10 - - 100
Cat. B: Restricted urban irrigation and agricultural
irrigation of processed food crops - 25 20 - - 1,000
Cat. C: Agricultural irrigation of non -food crops - 50 35 - - 10,000
Cat. D: Restricted irrigation of industrial and seeded
crops - 140 100 - - -
Cat. E: Restricted irrigation of industrial and seeded
crops - - 35 - - -
Egyptian Guidelines for wastewater rey&tbana et al. 2014; El Bouraie et al. 2011)
Level A: Landscape irrigation in urban areas - 20 20 - - 1,000
Level B: Agriculture purposes in desert areas - 50 60 - - 5,000
Level C: Agriculture purposes in desert areas - 250 400 - - -
Law 48/1982: Protection of the River Nile and water
ways - - 6 10 - -

Moroccan water irrigation regulatiofS.E.E.E. 2007)
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Water quality classes Turbidity | Total Biological Chemical Fecal Coliforms | Total Coliforms
[NTU] Suspended Oxygen Oxygen (FC) (TC) [CFU/100mI]
Solids (TSS) | Demand Demand [CFU/100ml]
[mg/L] (BOD) (CoD)
[ma/L] [mg/L]

Cat A: Irrigation of crops to be eaten raw - 100 - - 1,000 -
Cat B & C: Irrigation of other crops - 100 - - - -
Tunisian guidelines for wastewater reUHO 2006; Food and Agricultural Organisation of the United Nations 2013)
NT 106.03 standard: Irrigation - 30 30 90 - -
Norm 106.03 revised, Cat I: Agriculture use - - - - - -
Norm 106.03 revised, Cat II: Golf places, urban parcs,
green zones - - - - 1,000 -
Norm 106.03 revised, Cat lll: Infiltration of groundwater
for agricultural use 5 - 20 125 1,000 -
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2.1.2. Definition of representative case studies

The application of the DST to the Egyptian, Moroccan and Tunisian contexts follows
two main approachesA and B (se@able2). The first approach (A) consists of identifying
treatment trains that could treat typical municipal wastewater and secondary effluent of
municipal wastewater treatment plants to a quality évhat complies with 1ISO guidelines
and with national regulationsn treated wastewater reuseThe identified treatment trains
are then ranked based on cost of treatment and the defined weighting profileTlabke60
and Table61). The second approach (B) consists of simulating treatment trains originating
from the MADFORWATER oject (vww.madforwater.e) and calculating corresponding
lifecycle treatment costs for different flow rates ihé three target countries. The DST was
applied to every defined case studsigure3).

Table2: Case studies considered for the assessmenend B

Purpose: identify treatment trains compliant with

A. Municipal wastewater . . . .
international and national regulations

Typical municipal 10,000 ISO Guidelines (160752:2015) Cat. A: Unrestricted

wastewater quality (MWW) | [m3/d] urban irrigation and agricultural irrigation of food
crops consumed raw, Cat. B: Restricted urban

Typical municipal irrigation and agricultural irrigation of processed food

wastewater treatment plant | 10,000 crops, and Cat. C: Agricultural irrigation of non -food

secondary effluent (MWW - | [m3/d] crops.

Eff) Egyptian, Moroccan, and Tunisian regulations for
wastewater reuse.

B. Specific wastewater and Purpose: calculate lifecycle treatment costs for a

corresponding treatment trains (TT) selected series of unit processes

Drainage canal water 1,000

Anaerobic stabilization ponds, constructed wetland
(DCW-TT) [m/d] P

Fruit and vegetable
packaging plant (FVPWW - | 200 [m3/d]

Activated sludge, flocculation, activated carbon,
ultraviolet disinfection

TT)

. Trickling filter with secondary sedimentation,
Municipal wastewater 10,000 sedime?nation without coa L)J/Iant constructed
(MWW -TT) [m¥d] gutant,

wetland, chlorine dioxide, equalization basin

Olive mill wastewater

(OMW -TT) 100 [m3/d] Microfiltration, ion exchange

Flocculation, sedimentation without coagulant, low
200 [me/d] loaded activated sludge with denitrification and
secondary sedimentation

Textile wastewater (TWW -
TT)
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Input: typical
wastewater quality

Learn:
information

Output: mtended reuse (ISO
Guidelines)

1. Learn 2. Define your Case 0 8 3. Analyze [@lutions

Cat. A Unrestricted urban irrigation and
agricultural irrigation of food crops

MAC - MWW - Typical Municipal Wastewater
quality

Egypt-USD
food crops

Cost profile: Input: wastewater
Egypt quantity

Figure3: Application of the decision support tool (i.e. Poseidon)

2.1.3. Assessment of nationdkevel conditions for water reuse

This MCA consists of six thematic subjects, namely economy, water management,
policy and institution|egislation and environment. Each thematic subject is described by two
to four key questions. These in turn are underpinned by one quantitative orgeanititative
indicator (Table3 for overview;Table55for details in supplementary materials). Collectively,
these indicators provide an indicative geakunderstanding of the current situation of water
reuse in Egypt, Tunisia, and Morocco and are selected on the basis of existing indicators,
which were scanned from major water reuse studies and recognised datafieésiese et al.
2017; Snethlage et al. 2018; FAON Food and Agriculture Organisation 2016)e analysis
was also applied to Australia. The reason for integrating Australia is its function as a
benchmark country with wekstablished water rese practicefAsian Development Bank
2017)
To develop a hadson DST we developeda twofold investigationof the MCA Firsta
simplifiedstatement is provided by answerigselected key questioriBat are underpinned
by one quantitative or semguantitative indicator fighlighted ingrey n Table3). Second for
ay & S E LIS NI énvedligatih, ih zhe HETOwe providell key questionsand the
subsequent quantitative or sengjuantitativeindicator (Table3).
The indicator resultsereOf 838 A FASR & Wi 26SND T seeTable?Y2 RSN
56 in supplementary materials). For the indicator results, a linear ranking was applied
LI2a3dA0f S® ¢KAA do/odh ofzRS RY YF2RY8 NID 2 HBENIRTROqEK A I K S
100% based orBGS 2015; Oakdene Hollins 2608) ¢ KS (SN a Wf 2SN |y
applied, because the connotation of these terms better describe the involved data
dzy OSNI FAyde (GKFry GKS O2yy20F A2y 2F Wiz26Q |V
Four indicators were scored for thesessment of the countries Egypt, Tunisia, Morocco, and
Australia in thisresearchonly. Therefore, for each of these four indicators, the maximum
water reuse level was assigned as the maximal value. The minimum water reuse level was
assigned to the minimal value. In between these maximum and minimum, a linear ranking of
thirds wasdeterminedd ¢ KA & gl a | LI ASR (2 GKS AYRAOL I
F ANR Odzt §dzNB QS WCAYlIYyOAlFIf &dAdzoaARASAQE Wt SNOS

8
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L2 Lddzt F GA2Yy Ay | O2dzy GNBEQ> YR Wt SNOSyid 27F 0
irrigk GA2y 0 LISNJ Odzf GAGFGSR FNBIF o0FNIXo6tS flIyR b
AYRAOI 02NJ W{2O0AFft | OOSLIIIFyOS Ay | O2dzyiNB G2

not be scored. We are establishing this indicator in ongoing researclitiastiCurrently, we
assumed that the indicators are equally weighted; this assumption will be tested in our future
research activities.



Table3: Description of the thematic subjects, key questions, quatitie and semiuantitative indicators with possible data sourc@&se grey highlighted cells are used in
F2N Wwy2ad F@FEAflFof SQo

@ MAD WATER

the DST in theimplifiedinvestigationb k | @ a il yRa

Thematic subject (Ts)

Key question

Indicator

References

Economy (Ec)

-What is the official financial development
assistance (gross expenditure) for water
supply and sanitation?

Total official financial development assistance Euro/m3
(gross disbursement) for water supply and wastewater

sanitation for water supply and sanitation by
recipient per WW production in a country and
year

UN z SDG Indicators 6.a.1 Globa
Database inEsteve et al(2017)

-What is the level of economic water
security ?

Economic water security

N/Av (ratio of max. 20)

(Snethlage et al. 2018)

-What is thewater pricing for agriculture ?

Water pricing for agriculture Euro / m3

(Esteve et al. 2019; Australian
Government 2019)

-What are thefinancial subsidies for water
use in agriculture?

Financial subsidies

% reduction

(Esteve et al. 2019)

Water Management (WM)

-What is the transboundary water
dependency ratio ?

Transboundary Water Bodies Dependency Ratic %
in the Northern African region

2nds Arab State of Water Report in
Esteve et al. (2017)

-What is the share ofproduced volume of
industrial and municipal wastewater per total
population in a country?

Share of annual produced industrial and m3/(a*inhabitants)

municipal wastewater volume per total
population in a country

(FAO - UN Food and Agriculture
Organisation 2016; University of
Tunis ElI Manar 2018; Direction
Générale du Génie Rural et de
1 8%@bl 1 EOAOET 1 017; £
Commissariat Regional au
Developpement  Agricole  Nabeul
2016)

- What is the share oftreated to produced
volume of industrial and municipal
wastewater?

Share of annual treated to produced industrial %
and municipal wastewater

2nds Arab State of Water Report in
Esteve et al(2017)

(FAO - UN Food and Agrictiure

Organisation 2016; University of
Tunis ElI Manar 2018; Direction
Générale du Génie Rural et de
1 8%@Dbl i EOAQET 1 /
Commissariat Regional au
Developpement  Agricole  Nabeul
2016)

-What is the share ofharvested irrigated
crop area per cultivated area ?

Percent of total harvested irrigated crop area (full ha
control irrigation) per cultivated area (arable
land + permanent crops)

(FAO - UN Food and Agriculture
Organisation 2016)

Policy and institutional (P&l)

-What is the proportion of monitoring and
reporting systemsin comparison to other
countries ?

Proportion of monitoring and reporting system %
between African countries reported on by
country

(Esteve et al. 2017)

-What is the degree ofimplementation of
national monitoring and reporting  system?

Degree ofimplementation of national monitoring %
and reporting system

(Esteve et al. 2017)

10
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Legislation (L)

contract
and the

- What is the quality of
enforcement, property rights,
courts in each country?

World governance index, rule of law

%

(Kaufmann,
2010)

Kraay, and Mastruzzi

- What is theregulation for food and nonfood
crop irrigation with reclaimed water?

Compliance for food and norfood crop irrigation
with reclaimed water

ranking: yes, partly, no

Own development, and (Mueller
2018), and intended stakeholder
survey by Mueller et al. (2019)

Society (S)
including public involvement
in the decision making
processes

-What is the degree ofimplementation of
equitable water and wastewater tariffs?

Degree of implementation of equitable and

efficient water supply and wastewater tariffs

%

2nds Arab State of Water Report in
Esteve et al. (2017)

-What share of population is usingmproved
sanitation services ?

Share of using improved sanitation services

%

UN z SDG Indicator Global Database
SDG 6.2.1 ifEsteve et al(2017)

-What is the social acceptance of a country
towards water reuse for agriculture?

Social acceptance in a country towards the watel

reuse for agriculture

N/Av

Environment (En)

-What is the status ofnational water reuse
regulations for irrigation  in comparison with
the international BS ISO 16078: 2015 water
quality guideline?

Compliance of national waterreuse regulations
for irrigation in comparison with the BS 1SO

16072-2:2015 water quality guideline

ranking: higher, moderate,
lower

Intended stakeholder survey by
Mueller et al. (2019)
Own development, and (Mueller

2018), and interded stakeholder
survey by Mueller et al. (2019)

-What is the share ofthe area equipped for
irrigation that has become salinized ?

Percent of area equipped for irrigation that has

become salinized

%

(FAO - UN Food and Agriculture
Organisation 2016)

11
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2.1.4. Resulting DST¢ DST for Water Reclamation beyond Technical
Considerations

The two above mentioned assessmewsre combinednto onestandalone DSihat
allows potential users testablish water reclamation strategies at a ffeasibility stageThe
exising technological WW treatment DST (described uriglérl) was taken as a basis and
extended by the nationdkevel multicriteria assessment (MCA). The underlyinditexdogical
data (unit processes, treatment trains, etc.) therefore correspond to the descriptions under
2.1.1 Concerning the nationdével MCA, an expert argimplified version of the results has
been developed 3.1.3. The DST itself will be delivered as Deliverable 5.3 of the
MADFORWATHERoject. In addition, it will beiploaded on an opeiaccess repository.
¢ KS T2 6ddedaoue IA & Ay i SYRSR (i 2combBingdSSTHrgha ZDSNDA S &
perspective

A. Guided steps:
The tool consists of 4 main steg4)learn,(2)input data,(3) analyse solutionsgnd (4)
summary(Figure4). Firsty, the user should select the countty be assessednd a
correspondingcurrency. This information is mainhequired to display the correct
nationatlevel MCA resultat the end.For example, the user can sel@dtunisia and

Tunisiandingg 2 NJ d¢dzyAaAl FyR ' { R2ffl NE
ANALYZE
LEARN SOLUTIONS
- Essential concepts Display the
Processes results according
- Water quality to cost- or
information weight-criteria
INPUT DATA SUMMARY
- Country Overview of
- Wastewater to be reused ;E;Lgéitzzd
. c u
(quantity & quality) Measures
Intended reuse
Distribution & storage
- Weighting criteria

Figure4: DST Guided Steps

B. STEP learn
The user can, depending drisexisting knowledge, inforrhimselfabout the essential
underlying concept and definitions, the processes and the different water qualities by

12
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means of a list (marked yellomL 2 NJ SEI YLIX S5 GKS dzaSNJ Ol y
GNBFGYSYGQ |y Rhesoktextiof WW trext@entigaresy y (i

I. LEARN -

Information
Learn about the essential definitions and terms of water reuse. Scroll through the list below to display the information you need.

CHSREIIC s What do all these acronyms stand for?

BOD  Biological Oxygen Demand
COD  Chemical Oxygen Demand

FC Faecal Coliform

MLSS Mixed Liquor Suspended Solids
NTU Nephelometric Turbidity Units
s FotalColl i The basic acromyms used within POSEIDON are described in this figure.
TSS Total Suspended Solids
I'N Total Nitrogen

TOC Total Organic Carbon
P Total Phosphate

TSS Total Suspended Solids

Hgure 5: Learn- Essential information about the water reuse concept, underlying processes, definitions and terms.

C. STEP 2nput Data
C.1.Water inflow quality andjuantity
The user can choose between two alternatives to enteswastewaterquality inflow
(Figure 6).

I. Either the user chooses from predefined water quality inflow data or
ii. defineshisown water quality parametex

If the user decides to use predefined water quality inflow datefihed asll.A.1) in

the first step the user has to select a water quality from a given list (e.g. wastewater),
and then in the second step specify the chosen water quality, also on the basis of a
given list (e.g. typical untreated domestic wastewater).

However, if the user decides to entkisown water quality parameters, he can enter
hisown parameters accordingly in section 1.A.2.

Additionally, the user must specify the inflow watguantity. The user can choose
betweenthree options(serviced popution, average flovor peak flow) Forexample

GKS dzaSNJ aSf SOla waSNDSYHBMNERDIAA LIER2W S Ql
amount.

13
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1.A - Water quality data entry - INFLOW

Information
1] Enter your inflow water quality. You can chaose to use predefined water quality inflow data or you define your own water quality parameter.
2) Enter your inflow water quantity. Define the unit of inflow water to be treated and enter the according value below.

Selact what kind of water quality input data you want to use: Define your
| ILA1  Select from predafined water quality data | | Serviced Papulation ‘

r your infarmation, yau can select 3 quality on the left and see what can be fypical parameters
Typical untreated domestic wastewater Gt e, el ie R e i el e
i Note: The value "~1" means “no Imit specified” or n ciata found”

H
2
E

—_— am = = = 2 e Tsm = z L mw
Grmme g =
T of unreated or ot
Asana e al, 2006 p. 107, Value for Turbidicy: Asana
be used as guidel Data presented are far medium-strengths w R BB &

1., 2006, p.109. Viruses: As al., 2006, p.11
TR addadby et al., 7008, p.108. Viruses: Asano et 2., 2006, p.110

ILA.2 Create your manual water quality class

Please enter the values to consider here below

|mm,rmm aata et Tyou salected 'Wareal byt

Figure 6: Water quality & quantity entry

The user must specify the desired water outflow quakliycording to the national
regulation standardsThe water quality regulation or guideline chosen defined the
required water quality to be attained after water reclamation to be compliant.

Firsty, the number of enelisers the user wants to supply needs to be defimedrder

to compare up to three diffieent options(in case of several engsers) Secondy, the
water quality and the corresponding water quality class (regulation) must be selected
for each enduser. Additionally, a foreseen water tariff can be entered for each end
user.

At the lower end, lhe selected inflow water qualityaluesare displayed under point
three to provide a comparison between thequiredwater qualityvaluesunder point

four. The comparison providethe user with an overview whether certain water
guality parametervaluesalready comply with the slected regulationstandardsor

not. This is illustrated by color markings (red = treatment necessary; green =
compliant)(Figure?).

14
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1I.B - Water quality data entry - OUTFLOW

Information

for the end-users.

First, select the number of end-uses, and subsequently select the water quality and the corresponding water quality class (r

ta be applied.

On the wery bottom, the corresponding water quality values are displaved and compared to the input water quality values {see description below).

, YOu €an enter a tariff

1. Model Personnalization

N*of end-uses 1o be
considered:

COLORING INFORMATION
Red: Iraatment required
Green: compliant

Selected input quality:

2.End-Use A

Select Quality:
[TunisianWastewaterDischargepe tictivity]

Fruil and vegatable induslry [DPR)

Taritt for end-user A

i S

Selected end-use A quality

Figure7: Water outflow quality entry

The user can enter data about distributioand storage costs (if available) or
otherwise enters data about the need of storage and distribution pipelinés. T
dza SNR a

distribution parameterso G 2

specified under point one and threk.is required to eter the type of land use where
to transport wastewatelis planned, the length of the pipeline and the elevation to

be overcomgFigures).

11.C - Data entry - DISTRIBUTION & S

iKS

3. EnckUse B

Selact Quality:
150guidelines

Cat. C: Agricultural irrigatian f nan-
food crops

Taritf for end-user B

Tunisha 150 e’

Selected end-use B quality

4. End-Use ©
Selec Cuality:

50guidelines

Cat, &: Unrestricted urbian irrigatian and
agricullural irrigation of faad crops
consumed raw

Taritf for end-user i
Tunizi WS g

Selected end-use C quality

LI I yix

a

Information

Here you can enter your distribution and storage costs, either from the water inflow or outflow or both.

are availablel!

Distribution 1

1
Grassland [Select]
Length af pipe
100 m
Elevation {+uphill, -downhil]

Distribution 2

Type:

NONE (Select)

Length of pipe

Elevation {+uphill,

End-Use B

This gart can be skipped if no
distribution and storage cost

Distribution 1

Distribution 1

Type
NONE  (Select] NONE

Length of pipe

evation (+uphill, downh

Figure8: Distribution & storage costs

{selact)
S Wolume

Starage

Distribution 2

Type:
y7

Lergth of pipe

HONE (seluct)

Elevation j+uphill, downhill)

Storags
Type:

Distributian 2

Type:

NONE (select)

Length of pipe

on fruphil, -downnill)

gStft
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C.4.Weighting the relative importance of different parameters

This step has been added in order to include qualitative options adapted to local
environmental, economic, and soca@nditions. The user can either choose to weight

each parameter separately or select from predefined weighting profiles, for instance

0KS WwW2yife LIINRSTN RS IeyKRAGE WO @I fdzF GA2Y t NBT
with the possibility to evaluate WWeatment strategies not only based on meeting

quality requirementsfor further explanation, see ANALYZE SOLUTI(Hifo)e9)

II.D - Entry data - WEIGHTING PARAMETER

Information

[Here you have the possibility to add qualitative options adapted to lacal envi

ic, and social

This information can be added in order to not anly include treatment trains identified only based on meeting quality requirements of available reuse applications.

Define here your "Evaluation Profile” by assigning
[weights. Yau can select only one parameter or all of them. Be careful not to include twice the same parameter [e.g for cost of treatment)

[t a Reset the & L
1. Select a weighting profile: | Manusl entry e 2 l_!ll
nical ev.

Reliability Regular . |Annualised capital costs Important

Not important (not n Not important {not
[Ease to upgrade B t ‘ Chemical demand Wery Important Land cost & g

cansidered) considered
[Adaptability to varying - B Mot important {not Not important {not

Vi I tant [Odi ti E it
[ ow ary Importan lor genaration considered) nergy cos onsidere)
|Adaptability to varyiny Mot impartant (not Not important {not Mot important {nat

P ¥ ving P L Impact on ground water | P 0 Labour gz ‘
quality considered) considered) considered)
1
EasecfO &M LS Land requirement Important arta
¥ Not important {not
Ease of construction Regular Cost of treatment
considored)

Not important (n ntity of sl Mot important {n
Ease of demonstration ot important (not ‘ [Qua lryn sludge mr portant {not

considered) [procuction considerad

Figure9: Weighting parameter entry
D.1.Technological results

This part can be skipped if not
appli sel

The user can now distinguish between two criteria on the basis of which the analysis is

carried out.

i. Either the user defines the cost of the strategies as the criterion or
ii. the weighting profile defined by the user hiherself

The three topranking WW maragementoptionsare subsequently displayed according to
the criteria choserfseeFigurel0). Both the individual treatment costs and the distribution
costs of the respdive optionscan be compared. In addition, the castvenue value is
calculated, which includethe foreseen water tariffFurthermore, the user is provided
with additional information on the treatment trains, unit processes, as well as detailed
information on the cost values and calculations.

16



@ MADFORWATER

‘Typical untrested domestic
waslewaler

Input Quantity
Fruit and vegetable industry (DPM))

3 top-ranked results according to the cost criteria:

Select yo

ion
MAW-FUPWW

Unit Processes Treatment Trains Click here for detailed cost
(uP) (17} information

Figure10: Technological results

D.2.Qualitative natonakllevel assessment results

Moreover, the usermust decide how to display the results of the natiofealel
assessment. It can be chosen between a simplified or an expert view. Since the results of
the nationallevel assessment are very detailedsieplified view has been added (see
table 3) due to the different background knowledge of the ugsesFigurell).
Thenumericalresults were normalized to a scoribgtween 1 (orange; lower ranked), 2
(yellow; moderate ranked), and 3 (green; higher ranked). The detailed results have been
aggregated to provide an overall statement of each thematic subject. Consequently, the
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average scoring result can be taken as aficiator for the thematic subject for which
measures should be taken most urgently.

cllek here for detalled searing

informa

n Results from PESTLE Analysis:

‘Compl ance of na- oral waler teuse cequ
with ths 515016072 212015 wawer 2 ol

Figurell: Nationatlevel MCA results

E. STEP &immary

The summary at the end serves as an overview for the user. The user shoulaselett

the top-ranked WW strategies per eagser. Consequently, the costs of the corresponding
strategies are displayed and compared with the expected cotspgcific water tariffs
(obtained from the nationalevel assessment). In addition, the natiotelel MCA results

are presented again in abbreviated form and supplemented with potential measures to
tackle single specific timeatic subjects of water reuserigurel2)

= Vi - SUMMARY

[T [T Pr—

EmEE ] B ] | R _

I z TR o . pre————
Theiecem FramS— [ T e

Legslation (4 200

Figurel2: Summary of resulting wastewater management strategies
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2.1.5. Economic instruments applied in water management in the agricultural
sector

Economic instruments are used to add economic value to water in order to justify the
need for the rational allocation of water as a scarce resource. There exist a variety of
economic instruments that can be used in water management. In this section, \senira
brief overview of the most usually applied instruments. In general, two different types of
instruments can be distinguished. Firstly, the quantised instruments, where the quantity
of water is limited and thus, if trade is permitted, a priceesdablished through the trade
market. Secondly, the prigeased instruments, where the price is directly or indirectly
influenced by instruments (e.g. increase through taxes or decrease through subsidies).
Another notclassifiable instrument related to wat management is the insurance
instrument.
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Table4 gives an overview about the main types of instruments and their differences,
supplemented by examplesThe source of this economic instruments bases on the
Deliverable 5.1 from the H2020ADFORWATHfRoject (MADFORWATER Project 2018)
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Table4: Economic instrument overvieWwADFORWATER Project 2018)

Type of instrument Examples

P1 Pricing/ water tariffs

P2 Subsidies or other financial assistanc
(e.g. assisted loans)

P3 Taxes

Q1:Quotas (commanénd-control)
Q2:Water markets/ water trading

Non-classified instruments N1:Insurance

Pricebased instruments

Quantity-based instruments

P1:Pricing/ water tariffs

Pricing is currently one of the most important economic tools in water management. Water
prices are not usually set in market environments due to several issueM&BEORWARER
Project 2018or further explanation) and therefore are usually subject to public intervention
by means of the implementation of regulation and control from government and public
administrators such as pricing schemes. Pricing schemes such as tesfisr can be
distinguished in two main categories: Ngalumetric (do not depend on the actual amount
consumed) and volumetric (a variable amount is charged according to the volume of water
consumed).Nonvolumetric pricing displays the advantage of lipigasy to implement, as
only data about farm size, input, output, type of crop or time of use is needed. However, they
do not usually provide much incentives for saving water and installing efficient equipment, as
the charge does not vary with consumptiddn the other hand, volumetric pricing is able to
promote a better allocation of the resource, but it is more complex to manage, and it requires
the installation of meters able to measure actual consump({iondu and Chumi 2008)

P2:Subsidies or other financial assistance (e.g. assisted loans)

Subsidies are a form of financial aid or support usually with the aim of promoting economic,
environmental or social goals. Financial assistance and subsidies usually come in various ways,
including: direct forms (cash grants, interdste or lowA Yy G SNBad f2Fyazxo |
ONBRdAzOSR NB3IdzA A2y GFE oNBF1&as NByid NBol (S
In the agricultural sectors, financial assistance may have different objectives, such as
providing a stable incomeotfarmers-e.g. cash transferqRey et al. 2018pr promoting

incentives to install efficient modern irrigation systems.g. subsidized loans, rebate
programs (Thivet and Ferandez 2012)However, in practice, their contribution to achieving

the objectives expected from water policy is not clear and they have been found to usually

harm cost recoveryRey et al. 2018)

P3:Taxes

Water taxes are levies or charges on water use directed at achieving a specific target
(environmental, economic or social goals). They are useful in the sense that they can help to
address market failures by internalizing the true cost of depleting theure®, with their
functioning being very similar to other charges such as prices. Some examples of taxes related
to agricultural water management are groundwater abstraction charges (in which a tax is
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imposed on each cubic meter reflecting the cost of éépl aquifers) or effluent taxes (used
to reduce point source pollution).

Q1:Quotas (commannd-control)

Quotas are based on gviding farmers with the entitlement to a certain limited amount of
water, which may be defined in absolute terms or accagdm several criterigv/an Den Berg

et al. 2016) They might be useful to control the maximum demand that will be aveilaind

they are equitable in the sense that water is allocated according to objective criteria, although
they are less flexible than other methods such as water mari@ts/ernment of Canada
2005)

Q2:Water markets/ water trading

They can be defined as an institutional framework to trade water rights in a temporary or
permanent way in exchange for pecuniary compensafiRay et al. 2018)As with quotas,
they offer the advantage to allow regulators to control the total amount of water that is
abstracted. Moreover, in a competitive setting, markets would allow to reallocate water to
its highest value usehus promoting efficiencyGovernment of Canada 2005)herefore,
they are considered by some authors as a @ftient mechanism(EscrivaBou, Pulide
Velazquez, and Puliedelazapez 2017) However, in practice water markets may end up
operating in monopoly conditiongGovernment of Canada 200%nd sometimes local
economies may be harme(@oherty and Smith 2012)Therefore, a proper regulatory
framework that stablishes cleaguidelines for the design and implementation of water
market has been found key for a correct function{igheeler et al. 2017gnd for the success

of water markets.

N1:Insurance

Insurancds an economic instrument in which a person or entity (insurer) covers a potential
loss of other agent (the insured) in exchange for guaranteed and relatively small payments. It
is therefore a form of protection from financial and rHs&ntingent lossesln the case of
agricultural water management, crop insurance protects for the effects of droughts, offering
farmers a compensation for the loss in production. Since it has been found that water deficits
during droughts usually lead to illegal abstractiqf®rezBlanco and Gémez, 2014), crop
insurance could prove a useful instrument to avoid aquifer overdratft.

2.2. Application ofthe DST andssessment of nationdevel conditions for water
reuse
2.2.1. Assessment of potential for municipal wastewateeuse in agrialture

For every considered case study, treatment trains that comply with the water quality
requirements of the ISO guidelines were identified. For all considered case studies, the results
include thetop-ranking option considering the cost (i.e., C1) and tlogp-ranking option
considering the weighted evaluation factors (i.e., W1). Those results are a good indication of
the potential for water reuse and possible treatment trains. However, this is a simplified pre
feasibility assessment with limitations, as it is only based on the parameters defined in the
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DST. Additional parameters currently not considered should be included in future feasibility
studies.

Nevertheless, the results show that there are availablhtelogies that could treat typical
Egyptian, Moroccan, and Tunisian municipal wastewater and secondary effluent of municipal
wastewater treatment plants to fully comply with international standards. Identified options
ranked according to costs have adijele treatment cost ranging between 0:2207 USD per
cubic meter for reclaimed waterThus, these options provide reclaimed water at an
affordable cost.

Table 5: Topranking treatment trains based on cost (C1) and weights (W1) fieeating municipal wastewater and
secondary effluent to comply with ISO guidelines and lifecycle treatment costs in Egypt, Morocco and Tunisia

Egypt Morocco Tunisia
[USD/m3] [USD/m?] [USD/m3]
Cat. A: Unrestricted urban irrigation and agricultural irrigation of food crops consumed raw

Ranking

Typical municipal wastewater quality (MWW)

Cls3DUOI wl I ow!' 1 01T UG 0.97 0.59 0.52
Wl-s. OOaweEPUDOI 1 EUPOO
31 EI OOOOI az

Typical municipal wastewater treatment plant secondaffiluent (MWW-Eff)
Cls+ET OOODPOT 6w UUUUE(0.39 0.23 0.22
Wl-s 61 UOEOEUOwW2 xEDOz |1.01 0.59 0.56
Cat. B: Restricted urban irrigation and agricultural irrigation of processed food crops

1.19 0.68 0.65

Typical municipal wastewater quality (MWW)

Cls61 UOEOEUO W42 z 0.80 0.44 0.42
Wl-s. OOaweEPUDOI 1 EUPOO
31 EI OOOOI az

Typical municipal wastewater treatment plant secondary effluent (VAERfY
Cls+ET OOODPOT ow UUUUE(0.39 0.23 0.22
Wils61l OOEOEUow2xEDOz |1.01 0.59 0.56
Cat. C: Agricultural irrigation of non -food crops

Typical municipal wastewater quality (MWW)

1.19 0.68 0.65

Cls61 UOEOEUO W42 7 0.80 0.44 0.42
Wl-s 61 UOEOEUO W2 xEDOz |1.01 0.59 0.56
Typical municipal wastewater treatment plant secondary effluent (VAEffY

C1-No treatment 0.00 0.00 0.00
W1-No treatment 0.00 0.00 0.00

Identified treatment trains presented ifiable5 are based on a list of 70 treatment trains
included in the DSTOertlé 2018hb) These are mostly based on typical benchmark
technologies and on case studies from arduhe world. Results show that five treatment
trains highly ranked in the assessment have a high potential for the defined case studies:

A Title 22: BelgiumExample from Belgium 1@sing water to produce cooling water for
industrial purposes. A pharmaceutical company (Tienen) makes use of treated municipal
wastewater for cooling water. Thereby, secondary treated effluent is ozonated for
disinfection. If theamount of reclaimed wastewater is too low or temperature is too high,
it is mixed with groundwater before usage. The wastewater treatment plant (WWTP)
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consists of a low loaded activated sludge system with enhanced biological phosphorous
removal(Davide Bixio, Wintgens, and Bixio 2006)

A Only disinfection Benchmark Technololjany examples are available all over Europe.
Conventional wastewater treatment, followed by chi@tion, enabling the reuse of the
treated water for irrigation under restricted conditioffgan Der Graaf et al. 2005)

A Lagooning AustraliaExample from Australia of water reclamation for horticultural
(unrestricted) irrigation. WWTP effluents are reused for horticultural irrigation. Main
irrigated crops are root and salad ckypbrassicas, grapes and olives (= unrestricted
irrigation). Sewage is treated in the WWTP by activated sludge process. The effluents from
secondary treatment are then held in shallow aeration lagoons for a minimum of 6 weeks,
before passing through a dslsed air flotation and dual media filtration process at the
water reclamation plant. Here, the effluents discharge to balancing storage via a
chlorinator before being pumped into the pipeline for horticultural irrigation distribution
(Davide Bixio, Wintgens, and Bixio 2006)

A Wetlands SpainExample from Spain with the goals to feed water of sufficient quality to
the Cortalet lagoon in a Natural Reserve and to stimulagerecovery and establishment
of local flora and fauna. The WWTP is of the extended aeration type and consists of a
mechanical prareatment step and then two parallel treatment lines, each comprising a
biological reactor, a clarifier and three efflugmblishing ponds. There is also a chemical
treatment for phosphorus removal. Further treatment is achieved by means of a wetland
system (3 parallel cell§lpavide Bixio, \tgens, and Bixio 2006)

A Wetlands USATreated effluent from Arcata WWTP (California, USA), is discharged into
WSYKIFYyOSYSyid ¢6SitlIyRaQEI 4KAOK FFNB LI NG 27F
first treatment steps at the Arcata WWTP consist af §ereens, a grit chamber and two
settling tanks for primary treatment. Secondary and partial tertiary treatment is
accomplished by two oxidation ponds followed by three parallel FWS (Free water surface)
wetlands that were constructed in 1985. After chiwiion and dechlorination, part of
the wastewater is released while another part flows into threeGb f f SR WSy Kl y O8
C2{ gSGflIyRaQ®d ¢KS WYWSyKIyOSYSylG gSaGtlyRaQ
features, are referred to as the Arcata Marsh andldife Sanctuary(Davide Bixio,
Wintgens, and Bixio 2006)

For the national regulations of Egypt, Morocco and Tunisia, treatment trains were also
identified for all fmulated case studies (
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Table6). If limitations also apply to the results, they show that there are available technologies
that could treat typical Egyptian, Moroccan, and Tunisian municipal wastewater and
secondary effluen of municipal wastewater treatment plants to comply with national
regulations. Identified options ranked on cost have a lifecycle treatment cost ranging between
0.16:0.80 USD per cubic meter for reclaimed water. Thinsse options provide reclaimed
water at an affordable cost.
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Table 6: Topranking treatment trains for treating municipal wastewater and secondary effluents to comply with
Moroccan, Egyptian, and Tunisian regulations based on cost (C1) and weights (W1)

Cost

Ranking [USD/m?]

Cost

Ranking [USD/m?]

Typical municipal wastewater quality (MWW)

Moroccan Regulation Cat A: irrigation of crops to b
eaten raw

Moroccan Regulation Cat B & C: irrigation of
other crops

Cls 61 UOEOEUO w- PEI0.16
Wl-s 61 UOEOEUOG w2 x E 0.59

Cls 61 UOEOEUO w- DI 0.16
Wl-s 61 UOEOEUO w2 x 0.59

Egyptian wastewater reuse regulatiohevel A:
landscape irrigation in urban areas

Egyptian wastewater reuse regulatiehevel B:
agriculture purposes in desert areas

Cls 61 UOEOEUO W42 :0.80
Wis. O00awEPUDPOI I E

31 El 6OOOT az 1.19

Cls +ET OOOPOT ow 10.39

Wils 61 OOEOEUO w2 x 1.01

Tunisian regulation- NT 106.03 standard: irrigation

Tunisian regulation- Norm 106.03 revised, Cat IlI:
infiltration of groundwater foragricultural use

Cls 61 UOEOEUO w21 O10.37
Wl-s 61 UOEOEUO W2 x E 0.56

Cls. OCaweEDPUDOI | F052
Wl-s 61 UOEOEUO w2 x 0.56

Typical municipal wastewater treatment plant seco

ndary effluent (MWW -Eff)

Moroccan Irrigation Regulation Cat A: irrigation of
crops to be eaten raw

Moroccan Irrigation Regulation Cat B & C:
irrigation of other crops

C1-No treatment 0.00
W1-No treatment 0.00

C1-No treatment 0.00
W1-No treatment 0.00

Egyptian regulation Level A: landscape irrigation ir|
urbanareas

Egyptian regulation Level B: agriculture purposes
in desert areas

Cls #DUI EQwOI OEUE
11 OET OEUOwW31 ET OO0
Wils 61 OOEOEUO W2 x E 1.01

0.40

Cls #DUI E0wOI OEUL
11 OET OEUOwW31 ET O
Wil-s 61 OOEOEUO w2 x 1.01

0.40

Tunisianregulation- NT 106.03 standard: irrigation

Tunisian regulation- Norm 106.03 revised, Cat IlI:
infiltration of groundwater for agricultural use

Cls 61 UOEOEUO wW- DEI0.15

Wils61 OOEOEUO w2 x E 0.56

Cls 61 UOEOEUO w- DI 0.15
Wil-s 61 OOEOEUO w2 x 0.56
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Table6 show that four treatment trains in addition to the ones defineefore (i.e., Wetlands:
Spain, Only disinfection Benchmark Technology, and Lagooning: Australia 1) have a high
potential for the defined case studies:

A Wetlands, NicaraguaConstructed Wetland in Masaya Pilot Plant Nicaragua. The system
is treating the domestic astewater (100 cubic meters per day) generated by 1,000 people
living in the city of Masaya, Nicaragua. The scheme comprisdsgatnent (screen and
grit tank) and four constructed wetland beds fed in parallel. The area of each wetland bed
is about 350 guare meters, totaling 1,400 square meters. Effluent from the pilot plant in
Masaya can be used for restricted irrigati@gauss 2008)

A Wetlands, SenegaExample of water reuse for agricultural purpose from Dakar, Senegal.
¢tKS YIFIAY 61 aidSéFGSNI NBdzaS aAaAidsS Ay dz2NBIlFy I3
cultivated area of approximately 120 acres (&), about 40 acres (16 ha) makes use of
raw wastewater for irrigation. Usually, farmers divert wastewater from the sewage using
pipes to load narrow wells located in their plot. From that well, they use water cans to
irrigate crops such as lettuce, whighow rapidly. Wastewater treatment using wetlands
has been introduced which showed good removals of E.coli and helminth eggs. The
treatment lines tested used combinations of four ponds (each®Rimseries: One waste
stabilization pond followed by threeed or Vetivera planted stabilization ponds with free
water surface and surface water flqiy SEPA 2012)

A Direct membrane filtration Benchmark Tectogy. New concept, which is investigated in
several places (Netherland, China, Israel). MicmoUltrafiltration of raw wastewater
followed by agricultural applicatior(¥an Der Graaf et al. 2005)

A Only disinfection, Chil@reatment train of Copiap6 Wastewater Treatment Plant. Water
re-use in mining industry and agriculture. éltvastewater from Copiapé are directed to
Copiapdé WWTP, where in the first place the WW is subjected to a primary treatment to
retain thick solids, then through a secondary treatment to carry out the oxidation of
organic matter by activated sludge. The tane flows to a separation process of solid and
liquid in the clarifier, generating a sludge stream and a treated water stream. The water
stream is subjected to chlorination and discharged to Copiap6 (Werzandvoort et al.
2013)

2.2.2. Simulation andifecycle costs of MDFORWATH#Roject treatment trains

The second objective focuses on assessing the selection of treatment trains from the
MADFORWATHRojects that have been simulated with the DST. The performance of those
trains is not known yet, as pilplants are being implemented in tHdADFORWATERoject,
however, the lifecycle treatment costs have been calculated for different flow rates in the
three target countriesFgure 13). Apart from the train focusing on municipal wastewater, the
four other WW treatment trains are specifically designed for industredtewater (i.e. olive
mill wastewater, textile wastewater, and fruit and vegetable packagiagtewate); and for
drainage canal water, which is more specifically addressed to the Egyptian case study.
Additionally, to lifecycle treatment costs, the simudat with the DST allows to obtain
detailed cost information for the different WW treatment trains that can be considered in the
decisionrmaking process.
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6.00

4.00

3.00

2.00

Lifecycle cost of treatment [USD/m?)

1.00

0.00

100 1000
Average flow [m?3/d]

el EG-DCW e EG-FVPWW e EG-MWW ol EG-OMWW s EG-TWW
== MO-DCW el MO-FVPWW e MIO-MWW el MO-O MWW el M O-TWW

=e=TU-DCW =d=TU-FVPWW =d=TU-MWW  =de=TU-OMWW =—de=TU-TWW

Fgure 13: Treatment trains lifecycle costs for different flow rates amdbuntries EG, MO and TU stand for Egypt, Morocco

and Tunisia respectively. DCW stands for Drainage Canal Water, FVPWW stands for Fruit and Vegetable Packaging
Wastewater, MWW stands for Municipal Wastewater, OMWW stands for Olive Mill Wastewater, and T8W#&ds for

Textile Wastewater.
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Table7: Cost factors for selected treatment trains designed for specific types of wastewater in Egypt (EGY), Morocco
(MAR), and Tunisia (TUN)

Countr | Capita | Capital Land Energ | Labour Other Total End Cost/
y | Costs | Expendit | Cost y cost | cost per | Operation costs | Flow m3
per ure per per year and per per [USD
year (CAPEX) | year year [1,000 Maintenan | year year /m3]
[1,000 | [1,000 [1,000 | [1,000 | USD/a] | ce costs per| [1,000 | [1,000
USD/a | USD] USD/a | USD/a year USD/a | m3lye
] ] ] [1,000 ] ar]
USD/a]
Treatment train for drainage canal water (DCW) (average flow: 1,06@m
EGY 104 537 38 1 0 42 185 365 0.51
MAR 47 619 15 4 0 42 109 365 0.30
TUN 45 631 14 3 0 42 104 365 0.28
Treatment train for fruit andvegetable packaging wastewater (FVPWW) (average flow: 20d))m
EGY 209 1,081 0 1 1 26 237 72 3.28
MAR 90 1,181 0 8 1 26 125 72 1.73
TUN 85 1,195 0 5 3 26 118 72 1.63
Treatment train for municipal wastewater (MWW) (average flow: 10,008dn
EGY 2,811 | 14,527 290 22 2 821 3,946 | 3,577 | 1.10
MAR 1,176 | 15,355 115 121 1 821 2,234 | 3,577 | 0.62
TUN 1,094 | 15,469 106 77 5 821 2,103 | 3,577 | 0.59
Treatment train for olive mill wastewater (OMWW) (average flow: 10&/dij
EGY 37 194 0 0 0 3 41 30 1.39
MAR 17 219 0 2 0 3 22 30 0.75
TUN 16 223 0 1 1 3 22 30 0.73
Treatment train for textile wastewater (TWW) (average flow: 208din
EGY 240 1,240 0 1 1 21 263 72 3.68
MAR 95 1,240 0 4 1 21 121 72 1.69
TUN 88 1,240 0 3 3 21 115 72 1.60

Thesimplifiedand thed S E LIS NIi ¢ scorédSdsultd df BdRMCA are shown in

2.2.3. Assessment ohational-level conditions for water reuse

Table8 a and h which bases on an investigation of different indicators (specific results of the
indicatorsTable57 in supplementary materials).

Thesimplifiedassessment shows K G G KS NB&adz Ga 2F ! dzaAG NI € AL
This indicates the anticipated integration of a country with vestlablished water reuse

LIN OGAOSad ¢KS NBadz Ga 27F ¢ dzy A a-devels fonfterd 3 & LI
reuse.Theresults ofEgyptand MoroO2 & K2 & & S @S Nievels foPivatesréudel vy | (0 A
This indicates there is potential for improvement, particularly Morocco and Edgypta

limitation, thesimplifiedassessment providesvary concisestatement on the natioatlevels

for water reuse.

The & S E LISatdied) |
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country with wellestablished water reuse praces. Moreover, this anticipated result verifies

our multi-criteria analysis. Overall, Tunisia, Egypt, and Morocco did show a high national

levels for water reuse.

CdzyAdAl &aK2ga Y2adafte ol GSNI NBSdzaS f SOSkc 2F WK
ddzo 2S00 WwWSO2y2Y@Qd Wl AIKSNR NBadzZ SR 0SSOl dz
AYAaGAGdziA2y Qe wS3IAFNRAYI WSYGANRYYSYGuQs GKS
national water reuse regulations in comparison with the international®8% 16072: 2015

water quality guideline.

a2NRpO0O2 aK2g¢a Yz2aate I 61 SN NBdzaS €t SgSt 27
ddzo 2S00 wSO2y2Y@Q YR WSY@ANRYYSYyiliQd Wl A3AKS
Wa20AS08Q GAUK2ZTKEAAYRADYIWNHRD YR KEANBAGF GAZ2Y &
938 LJi aKz2ga Yzaidfte | 61 SN NBdzasS t S@St 2F WK

WY2RSNI G§SQ odzi WE26SNR F2N) 6KS GKSYIFGAO adz:e
0KS GKSYIGAOg atzf 860G dzARY A ORBYR Waz20AS0GeQd W
GKSYFGAO adzoaSOoli Wgl G4SN YIYFISYSyiQ yR WSy
The results of the thematia dzo 28 DZ QRS Q | yR WLRtAO0& g Ayadlj
02 WY2RSNI GSQ f SHRARSNT (6Q0 RN RNBNERRAIID (¢ R NP H
This indicates there are favourable condition for water reuse in these thematic subjects. The
results of the thematica dzo 2 QDR F 2 Y2 Q> Wgl GSNI YI yI3ISYSyi
resulted withthe most’f 2 6 SN 6+ GSNJ NBdzaS f SOSt d® ¢KA& Ayl
thematic subjects.
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Table8: The results of the nationalevel conditions for water reuse assessment/[ 2 g S ND-leyelOR N RALHITA 2 v &

national-level conditions forwaterreusd y &St f2¢ | YR S| dA Gl {t Syt EHDSEKO2yRANB 2YRAQF 2NK ¥ K SNIM NP Idi@te aghigdatBdNS Sy |
Gl tdzSa OFYy Ay FRRAGAZ2Y AyOf dzRS WAVAISNNSRALGS O f dzSa edTs dan® foyTharat subjgtREC $tands for gtondnd WMVE & & K

FT2NJ 61 G§SNJ NBdza $

stands for water management. P & | stand for policgdiinstitution. L stands for legislation. S stands for society. En stands for environm#H& G | Yy R F2 NJ Qy 2

a: Thesimplified results; b: thed S E LIS NIi ¢ resusS i A f SRO

A a

Ay NBR

RE G

a.
Ts  Key question Indicators Morocco Egypt Tunisi a Australia
aggregated |detailed |aggregated |detailed |aggregated |detailed |aggregated |detailed

Ec -What is thewater pricing for agriculture  ? Water pricing for agriculture

-What are thefinancial subsidies for water use in _. . .

; Financial subsidies

agriculture?
WM - What is theshare of treated to produced volume  Share of annual treated to produce

of industrial and municipal wastewater? industrial and municipal wastewater

P&l -What is the degree oimplementation of national ~ Degree of implementation of national
monitoring and reporting  system? monitoring and reporting system

L - What is theregulation for food and nonfood crop Compliance for food and norfood crop
irrigation with reclaimed water? irrigation with reclaimed water

S -What is the social acceptance of a country Social acceptance in a country towards th
towards water reuse for agriculture? water reclamation for agriculture

En -What is the status of national water reuse Compliance of national water reus
regulations for irrigation  in comparison with the regulations for irrigation in comparison with
international BS ISO 160752: 2015 water quality the BS I1SO 16072:2015 water quality

guideline? guideline
b:
Ts  Key question Indicators Morocco Egypt Tunisia Australia
aggregated |detailed |aggregated |detailed |aggregated |detailed |aggregated |detailed
Ec -What is theofficial financial development  Total official financial ~development (gross
assistance (gross expenditure) for water disbursement) assistance for water supply ang 2 i
supply and sanitation? sanitation for water supply and sanitation by
recipient per WW production in a country and year|
-What is the level of economic water . . 13 1.33 2 3
security ? Economic water security 2 2 3
-What is thewater pricing for agriculture ? Water pricing for agriculture ﬁ
-What are thefinancial subsidies for water _. ) .
: . Financial subsidies - 2 -
use in agriculture?
WM -What is the transboundary water Transboundary Water Bodies Dependency Ratio i 5 15 17 25 )

dependency ratio ? the Northern African region
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Ts  Key question Indicators Morocco Egypt Tunisia Australia
aggregated |detailed [aggregated |detailed |aggregated |detailed |aggregated |detailed
-What is the share ofproduced volume of Share of annual produced industrial and municipal
industrial and municipal wastewater per total wastewater volume per total population in a
population in a country? country
- What is theshare of treated to produced Share of annual treated to produced industrial and
volume of industrial and municipal municipal wastewater
wastewater?
-What is the share ofharvested irrigated  Percent of total harvested irrigated crop area (full
crop area per cultivated area ? control irrigation) per cultivated area (arable land
+ permanent crops)
P&l -What_ IS thepropor_tlon of monitoring and Proportion of monitoring and reporting system
reporting system in comparison to other b - .
) etween African countriesreported on by country
countries ? 25
-What is the degree ofimplementation of Degree of implementation of national monitoring
national monitoring and reporting  system? and reporting system )
L - What is the quality of contract
enforcement, property rights, and the World governance index, rule of law
courts in each country? 2.5
- What is the regulation for food and non Compliance for food and norfood crop irrigation
food crop irrigation with reclaimed water? with reclaimed water
S -What is the degree ofimplementation of Degree of implementation of equitable ang
equitable water and wastewater tariffs efficient water supply and wastewater tariffs
-What _share Of. population is usingmproved Share of using improved sanitation services
sanitation services ?
-What is the social acceptance of a country Social acceptance in a country towards the wate
towards water reuse for agriculture? reclamation for agriculture
En -What is the status ofnational water reuse

regulations for irrigation  in comparison
with the international BS 1SO 160752: 2015
water quality guideline?

Compliance of national water reuse regulations fo
irrigation i n comparison with the BS 1SO 16072
2:2015 water quality guideline

- What is the share of thearea equipped for
irrigation that has become salinized ?

Percent of area equipped for irrigation that has

become salinized
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2.3. Establishment of exemplary basiscale and nationalwastewater management
strategies including economic instruments

Based on the case studies presented in sectibi2sland2.2.2 we established exemplary basin
scale and nabnal wastewater management strategies including economic instruments for Egypt
Morocco and Tunisia. We built the exemplary strategies upon theaoging options from the DST and
from the MADFORWATHE#toject pilot schemes. These options and correspogdiechnologies are
complemented by the results of the muttriteria decision analysis that identifies barriers, drivers and
additional measures recommended to foster the implementation of sound solutions for water reuse i
the region.

This section coverthe application and resulting technologies of the DST for the three countries and th
results of the four pilot plantsTable9 gives a brief overview dhe application of the DST and the
resultingtwo technologies with the lowest cost of treatment for each country andvilastewater type
treatmentfor the pilot plants More detailed results are presented in the relevant sections belowhe
following sections, a coury-specific analysis was carried out with the DST.

Table9: Overview of resulting topranking options from the DST application and tddADFORWATESRilots in Egypt, Morocco and
Tunisia

Egypt Morocco Tunisia
DSThased results DSThased results DSThased results
EG1Reuse of municipal WWTP | MO1: Reuse of municipal WWTP| TUZ Reuse of municipal WWTP
typical secondary effluent for typical secondary effluent for typical secondary effluent for
irrigation of norfood crops irrigation ofnon-food crops irrigation ofnon-food crops
Technology suggested: Technology suggested: Technology suggested:
No treatment necessary No treatment necessary No treatment necessary

EG2 Reuse of typical municipal MO2: Reuse of typical municipal | TU2 Reuse of municipal WWTP

wastewater for agriculture wastewater for irrigation of crops| typical secondary effluent for
purposes in desert areas to be eaten raw. irrigation (NT 106.03 standard)
Technology suggested: Technology §uggested: Technology _suggested:
Lagooning: Australia Wetlands: Nicaragua Wetlands: Nicaragua

MO3Y { LISOAFTAO OF
Wastewater treatment plant with
multiple reusers

Pilotbased result Pilotbased result Pilotbased result
EG3Reuse of drainage Canal MO4: Reuse of muniCipaI WWTP| TU3 Reuse of muniCipaI WWTP
Water for irrigation tertiary effluent forolive trees secondaryeffluent for irrigation
Technology suggested: irrigation Technology suggested:
MADFORWATHRIot (Lake Technology suggested: MADFORWATHRIot (Chotrana,
Manzala, Egypt) MADFORWATHRIot (Agadir, Tunisia)

Morocco)

TU4 Reuse of textile WW for nen
food crops irrigation
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Technology suggested:
MADFORWATHRIot (Gwash,
Tunisia)

2.3.1. Egypt

Egypt has been suffering from severe water scarcity in recent years. Egypt has only 20 cL
meters per person per year of internal renewable freshwater resources, and as a result the count
relies heavily on the Nile River for its main source of wateth \&rising population and a fixed supply,
0KS O2dzy iNE KlFa fSaa o GSNILISN LISNE2Y SI OK & ¢
agricultural sector and is the primary source of drinking water for the population. Egypt is already belc
0KS ' YAUGSR bl iA2yaQ 6 GSNI LI2OSNIIeé GKNBakKz2f RX
2F al 0&2f dzi(Bco Mdnai2fINJ TheNFuaidiad 2015)

2.3.1.1. Mapping ofwaste water reuse potential for irrigation in Eqypt

The mapping ofwater reuse potentialis reprodiced from the deliverable 1.2 in the H2020
MADFORWATHERoject(Snethlage et al. 2018)he methodology applied aimed at identifying hotspots,
with higher potential for water reuseRigurel4).

Irrigation areas
Proxy for suitable land

" Filter -
: 2000 )
Inhabitants/ Population density m3/ ha
Proxy for waste water availability &
business conditions

Highlight high
potential areas

Figurel4: Simplified approach to enable wastewater reuse potential mapping in Morocco, Tunisid, Egypt

Egypt with its concentration of large population along the Nile valley and the abundance of
number of oasis offers in principle very favorable conditions for the wastewater reusé&igael15).
Clear focus areas could be instead all cities su€peas (230,000 inh.), Asyut (4000 inh.). EI Fayoum
(440,000 inh.), or the outskirts of Caiwith areas such as Benha (1@®&) inh.). Being concentrated in
the Nile valley, traditionally the distance to irrigated areashisrt. Institutionally, the best opportunities
for wastewater reuse would be at local level to solve water quality and health problems at local sce
with local initiatives. Currently, Egyptidaws prohibit such local wastewater reuse options. However,
by law the drainagesystemamustcomplywith a certainwater quality standard(aslistedunder the Law
48), which can often not be met. Efforts to support the reuse of wastewater should therafairely
concentrate on increasing the wastewater treatment capacity (in quantity, quality, and areal coverage
The meanwhile reached aggravation of the current situation can be stressed by the fact that tt
government had to terminate already the operatiohdrinking water supply installations, taking water
from irrigation canals where drainage water was reused upstream. Ongoing efforts as e.g. to reuse
water from the Bahr Baqgr drain; underline the current momentum in Egypt to advance the wastewate
reuse in thisvay.
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75t (m3/ha)*
[] <500 m3/ha
J [ 500 - 1000 m3/ha
C a n [ 1000 - 2000 m3/ha
20 0 200 400 km [ 2000 - 5000 m3/ha
Il > 5000 m3/ha

*Calculations performed at irrigation unit level by dividing the total urban wastewater

roduction by the irrigated area available

Figurel5: Egypt current wastewater production divided by irrigation area at district level.

Emerging urbanized areas in the new lands with the availability of flat desert areas are in the
closer vicinitypffer the potential to construct the collection and monitoring system specifically and from

the beginning accordingly to the needs of an effective and safe wastewater fgasd-igure 16).

Advanced and adapted treatment systems can be installed to facilitate the purification process ¢
demand for a future reuse as well. Further options that would be of interest could be the increase

reuse from agrofood industry wastewea with its defined and nutrient rich composition. The

agricultural reuse must not necessarily lie in the production of food crops only, but could consider th

production of aromatic plants, seeds,-lroducts for the bieeconomy or e.g. proteins for éhfodder

industries
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Figurel6: Egypt current locatio

2.3.1.2. Water reuse options based on the D&3sessment
The assessment presented in sectidr?.1, resulted in several options that could treat municipal
wastewater (either typical raw wastewater or typical secondary effluent of existing \WW\éTthe
desired quality in order to comply with the corresponding regulation (either national or ISO). In order t
select topranking options out of all the feasible ones, we proceeded to a ranking based on the lowe
cost of treatment and resulted in fedop-ranking scenarios for wateeuse in Egypt (
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Table10). Fromthis ranking, we further selected two scenarios as building Isifarkbasin scale strategies
presented further in this section. The two selected scenarioshayelighted in grey in
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Table10. Theseare:

A EG1 Reuse of municipal WWTP typical secondary effluent for irrigation ofemhcrops

Technology suggested:
No treatment necessary
A EG2 Reuse of typical municipal wastewater &griculture purposes in desert areas
Technology suggested:
Lagooning: Australia |

38



6 MAD

WATER

Table10: Four topranked options for water reuse in Egypt based on lowest cost of treatment (treatment of 10,000 [m3/d])

Endusec water qualit Cost of
Ranking | Wastewater re ulatiocn g y Technology treatment
9 [USD/nd]
MAC- MWW - Typical _ : o
1 Effluent Municipal Callc o PR lngRiden No treatment 0
. of nonfood crops
Wastewater quality
MAC- MWW - Typical Egyptle_m wastewat'er reuse -
" regulation- Level B: Lagooning:
2 Municipal Wastewater . . : 0.39
. agriculture purposes in Australia |
quality
desert areas
MAC- MWW - Typical F:gt. A Unrestrlct_ed urban -
. irrigation and agricultural Lagooning:
3 Effluent Municipal LoD . 0.39
: irrigation of food crops Australia |
Wastewater quality
consumed raw
MAC- MWW - Typical Qgt. B Restrlcteq urban -
. irrigation and agricultural Lagooning:
4 Effluent Municipal L0 ) 0.39
: irrigation of processed food | Australia |
Wastewater quality crops

2.3.1.3. Water reuse optiorbased on theMADFORWATERoject pilotfor drainage

canal wastewater (DCWW)

A EG3Reuse of drainage Canal Water for irrigatibachnology suggestedt/ADFORWATER
Pilot (Lake Manzala, Egypt)

In Egypt, agricultural drainage water is considered as a valuable water gbatds collected
and reused for irrigation through a wetleveloped irrigation and drainage canal system. However,
primary-treated and untreated municipal wastewater (MWW) is discharged into the drainage canal:
which in turn convey organic contaminanistrogen and pathogens to the main drains. No treatment
is actually performed on drainage canal water before it is used for irrigation of agricultural land. Tt
MADFORWATHRHot plant for drainage canal water treatment has been installed in Decemberia018
an experimental station operated by the National Water Research Center (NWRC) of Egypt near L
Manzala, Egypt. The pilot plant with a capacity of 25@ay consists of the following components: (i)

a 500 ni lagooning / sedimentation pond and (ii)réee different types of Hybrid Constructed Wetlands
(HCW). The first result indicate that the Cascade Hybrid Constructed Wetland is the most effective o
The pilot plant with its capacity would be able to annually treat about 91,25Gminage canal
wastewater. According to the new decision support tool, the costs of this technology amount to 1.0
EGP/m or 0.42 USD/rh Considering the produced MWW in Egypt (FAO, 20if6around 7,080 Mio
m3/year and the cost of the technology, the pilot plant would lixeato treat 1.3% of the annual DCWW
at a cost of 98,550 EGP or 38,325 USD. The results concerning the social aspects of theeational
conditions for water reuse assessment showed a positive result for Egypt. This means that, accordin
the 2nd ArabState of Water Report (2012), 94.7% of the Egyptian population already uses improve
sanitation services. Concerning the environmental aspects of the water reuse assessment, the res

2 AQUASTAT Main Database, Food and Agriculture Organization of the United Nations (F#€)site accessed
on [13/03/2018 14:58]
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revealed a low compliance of national water reuse regulations fayation in comparison with the BS
ISO 160722:2015 water quality guide.

2.3.1.4. Barriersand measures to foster implementation
In Table11 the detailed scored result, strategy excerpt, identified barriers and measures /
(economic) instruments are shown. The scored results very between 1 (lower) to 3 (higher) for whi
different barriers were identified. These can be overcome by economic angenonomic instruments.
The economic instruments include often price based measures. Thecmromic includencrease
enforcement and capacity building in general and increase of humbereatnient technology and
MADFORWATHE&chnologies.

ONRGSNRAL Fylftéeara 2F RAFFSNByI
F2NJ 61 G SN NB ddavél canditianS Bravat& y i ¢

Table1l: 938 LJG Q& NB&adzZ & 2F Ydz GA
instruments. The results of the nationdevel 02 Yy RA (1 A 2 Y &

Ts Key question Score detailed  Strategy excerpt Identified barrier Measures /
instruments
(economic)

Ec -What is theofficial financial Financial support is lower  Limited growth based on P2: Subsidies or other

financial assistance
(e.g. assisted loans)

financial support per WW
produced

development assistance
(gross expenditure) for water
supply and sanitation?
-What is the level of
economic water security ?

N1: Insurance
Q1: Quotas (commané
2 and-control)
Q2: Water markets/
water trading
Water is available too cheap P1: Pricing/ water

Moderate water security Improve water security

-What is thewater pricing Higher for water pricing

for agriculture ? costs to cover the costs tariffs

P3: Taxes
-What are thefinancial High financial subsidies Water is available for free, P1: Pricing/ water
subsidies for water use in consequently no incentive tariffs

agriculture? to save water P2: Remove subsidies
or other financial
assistance (e.g. assister
loans)
P3: Taxes

WM -What is thetransboundary Higher transboundary High water supply P1: Pricing/ water
water dependency ratio ? water dependency dependency on tariffs
neighbouring countries P3: Taxes

-What is the share of
produced volume of
industrial and municipal
wastewater per total
population in a country?

Q1: Quotagcommand-
and-control)

Q2: Water markets/
water trading
Non-economic
instrument: Capacity
building and
technology scale up
P1: Pricing/ water

Higher volume of
wastewater produced per
total population

High volume of wastewater
to be treated per
population

- What is theshare of Moderate level of treated to Moderate share of treated

treated to produced volume
of industrial and municipal
wastewater?

produce wagewater
volume

WW to produced volume,
meaning potentially not
much water is treated in
comparison to available
WWwW

tariffs for fresh water
P2: Subsidies or other
financial assistance
(e.g. assisted loans) at
the beginning of new
technology
Non-economic
instrument: Increase of
number of treatment
technology

-What is the share of
harvested irrigated crop
area per cultivated area ?

Moderate share of
harvested irrigated crop
area per cultivated area

Moderate level of control
irrigation per cultivated
area.

P1: Pricing/ water
tariffs for fresh water
P2: Subsidies or other
financial assistance
(e.g. assisted loans) at
the beginning of new
technology
Non-economic
instrument: Increase of
MADFORWATER
technology
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Ts Key question Score detailed  Strategy excerpt Identified barrier Measures /
instruments
(economic)

P&l -What is theproportion of Moderate proportion of Moderate proportion of Non-economic
monitoring and reporting 2 monitoring in international  monitoring in international  instrument: increase
systemin comparison to context context enforcement in general
other countries ?

-What is the degree of Compliance with national ~ No No
implementation of national monitoring and reporting

monitoring and reporting system

system?

L - What is thequality of In international Lower level of quality of Non-economic
contract enforcement, comparison: Lower level of contract enforcement, instrument: Increase
property rights, and the quality of contract property rights, and the enforcement in general
courts in each country? enforcement, property courts

rights, and the courts
- What is theregulation for Partly compliance with Not allowed to irrigate non- Non-economic
food and nonfood crop legislation food crop instrument: Adapt
irrigation with reclaimed legislation
water?

S -What is the degree of Higher degree of No
implementation of implementation of
equitable water and equitable water and
wastewater tariffs wastewater tariffs
-What share of population is Wide use of sanitation No, yet there is a large P1: Pricing/ water
using improved sanitation services amount of treated WW that tariffs for fresh water
services? could be used for water P2: Subsidies or other

reclamation financial assistance
(e.g. assisted loans) at
the beginning for new
technologies
P3: Taxes for fresh
water
Non-economic
instrument: Increase of
number of treatment
technology incl.
MADFORWATER
technolgoies
-What is thesocial N/Av N/Av N/Av
acceptance of a country )
towards water reuse for
agriculture?
En -What is the status of Lower compliance Stricter implementation of  Non-economic

national water reuse

regulations for irrigation  in

comparison with the

international BS ISO 160782:
2015 water quality guideline?

regulation and higher
compliance with 1ISO
16075-2

instrument: Increase
enforcement in general

- What is the share of thearea N/Av N/Av N/Av
equipped for irrigation that -
has become salinized ?
2.3.2. Morocco
l'f 6K2dZAK a2NROO2 Aa adaAafft T N T NERavo sifolg asa S

the case in many Middle Eastern countries, the kingdom is still among the 45 countries facing wa
scarcity. It is confronted with dwindling groundwater reserves and a strong dependence efiedain
agriculture. Cultivable land is compromisbecause of water shortages and soil erosion. These factors
are seriously aggravating rural poverty, and the gap between the richest and poorest populatic
segments has wideng@/lorocco World News 2017; Espace Associatif 2012; USAID. 2017)

2.3.2.1. Mapping ofwastewater reusegotential for irrigation in Morocco
The mapping of water reuse potential is reproduced from the deliverable 1.2 in the H202
MADFORWATHfRoject (Snethlage et al. 2018)
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The use of raw waste water for irrigation is widely applied in Morocc&ramikrAllah (2005)
reported (Table12). However the levelof treated wastewater reuseis still low in the country. Butthe
rapidincrease ofvastewater produced and collected in urban areas experienced during the last decads
evidences the great potential. According to the National Water Resources Plan (PNA), it is expected
by 2030 the generatediastewaterwill growto 900million m3. ThePNAestablishesanannualtarget of

325 million m3 of wastewater to be reused by 2030, mainly for irrigation (142 millio?) mnd

landscaping/golf courses (133 million3jn Other uses such as reuse for industry and groundwater
recharge are also consider@dthe plan.

Tablel2: Selected areas of raw wastewater reuse in agriculture (from CheAkah 2005 with reference to CSEC data from 1994)

Area Surface (ha) Crops

Marrakesh 2000 Cereals, fruit trees
Meknes 1400 Cereals, fruit trees
Ouijda 1175 Cereals, fruit trees
Fes 800 Fruit trees

El Jadida 800 Foddder

Asit couldbe statedin the followingmaps usingthe wastewaterfrom Agadiror Marrakeshwould
be most likelyrestrictedto utilize the water from rather the outer skirtsof cities, leadingto a shorter
transportation distancgseeFigurel?). Within suchmore urbanizedparts, specificproductionof high
valuecropsandbyproducts(herbs & special crops for aromatic oils) in very intensive production system:
would be a firs

Potential for Water Reuse
(m3/ha)*

<100
~ | 100 - 1000
1000 - 2000
1000 | 100 200 km B 2000 - 5000

B > 5000

[*Calculations performed at distric level by dividing the total urban wastewater
roduction by the irrigated area available

Figure17: Morocco current Wastewater production divided by irrigated area at district level

Espedally the smaller towns in the region east of Agadir with the areas around Taroudant ©
Oulad Berhil offer a very interesting opportunifgee Figure 18). The high busiress potential is
furthermore characterizedy a nearbylocatedclusteringof agrienterprises south of Agadir and along
the N1 in the surrounding of Tin Mansour (2 hrs drive to Oulad Berhil). The reasonable travel distant
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would allow investors to engage in new upcomegdeavorsin the East of AgadiThevery similar
pattern canbeobtainedin the surroundingeastof Marrakeshwith potential priority areas around Fquih
Ben Skah (102000 inhabitants in 2014). This regios offering a promising combination of water
availability, short distances to production areas, and the commercial centdaofikesh.Evenif the
total amount of waste water is lessthan in Agadiror Marrakeshregion, the city of Meknesand its
surroundings could be a very interesting priority atea. This confirms and underlines the advantage
of looking to urban cells or resorts that are large enough to produce wastewater and close enough
realize an efficient use.

A
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Figure18: Morocco current location of wastewater production hotspots and location of irrigated areas

2.3.2.2. Water reuse options based on the D&3sessment
The assessment presented in secti. 1, resulted in several options that could treat municipal
wastewater (either typical raw wastewater or typical secondary effluent of existing WWTP) to th
desired quality in order to comply withe corresponding regulation (either national or ISO). In order to
select topranking options out of all the feasible ones, we proceeded to a ranking based on the lowe
cost of treatment and resulted in four teganking scenarios for water reuseMorocco (Tablel3).

From this ranking, we further selected two scenarios as building block for basin scale strateg
presented further in this section. The two selectedrsm#os are highlighted in grey Tablel3. These
are:
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A MO Reuse of municipal WWTP typical secondary effluent for irrigation ofamuhcrops
Technology suggested:
No treatment necessary

A MO2 Reuse of typical municipal wastewafer irrigation of crops to be eaten raw.
Technology suggested:
Wetlands: Nicaragua

2SS RARYQUO KAIKEAIKE GKS 2LIiA2ya NIFy{1SR avodzyl
According to our analysis, threuse of municipal WWTP typical sadary effluent based on the data
assumed comply with different regulations and guidelines:

A ISO Cat. C: Agricultural irrigation of Aood crops

A Moroccan Irrigation RegulationCat A: irrigation of crops to be eaten raw

A Moroccan Irrigation RegulationCat B & C: irrigation of other crops
If the secondary effluent could be compliant with Moroccan regulations, we recommend to consider
disinfection step before reusing it for crops to be eaten raw, as this is a recurrent requirement |
European and interational guidelines for water reuse. As we cannot guarantee that a disinfection ste|
is considered for the second ranking option, we rather consider the option ranking fourth for furthe
consideration.

Tablel3: Four toprankingscenarios for water reuse in Morocco based on lowest cost of treatment (treatment of 10,000 [m3/d])

. Endusec water quality Cost of
Ranking | Wastewater regulation Technology treatment
[USD/n]

MAC- MWW - Typical

1 Effluent Municipal Cat. C: Agricultural irrigation
Wastewater quality of nonfood crops No treatment 0
MAC- MWW - Typical Moroccan Irrigation

2 Effluent Municipal Regulation Cat A: irrigation
Wastewater quality of crops to be eaten raw No treatment 0
MAC- MWW - Typical Moroccan Irrigation

3 EffluentMunicipal Regulation Cat B & C:
Wastewater quality irrigation of other crops No treatment 0
MAC- MWW - Typical Moroccan Irrigation

4 Municipal Wastewater | Regulation Cat A: irrigation | Wetlands:
quality of crops to be eaten raw Nicaragua 0.16

2.3.2.3. Water reuse options based on the DA3sessment and specific data
provided by local project partners

1)
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An additional water reuse option has beanalyzedbased ondatafor a specific casthat was
collected by means of a questionnaire. Téaseconcerns theertiary effluent of thea Q%I NJ g | a
treatment plant (WWTP)n Agadir(Moroccog), whichcould potentiallysuppl multiple endreuser. The
collected datawere therefore entered into the DST ferform an assessment. The tertiary effluent of

(et
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the WWTP has an average flow of 75,008/ffhand its corresponding quality is presented inTiable
15. Three different (re) users were identified, as presenteBigurel9and Tablel4.

s N\
Flow: 20,000 m3/d
Distance: 7.5 km
Elevation: +35 m

A 4

Golf courses

} -

Landscape and green belt

J/

Flow: 25,000 m3/d
I Distance: 12.5 km

M’Zar (WWTP

h 4

_ Non-food crops (forest)
Elevation: O m

Distance: 10 km
Elevation: -25 m

[Flow: 30,000 m3/d

Figurel: ¢ KNBES LR GSYy (ALt NBddzZASNAR 2F (KS aQ%lF NJ22¢t GSNIAFNR STTFSE
Tablel4: Input data of the specific case study
Intended Quantity Distance Elevation How much | Select the required
(re)user required by | from the difference would the water quality for this
the (re)user| WWTP (+uphill, ¢ intended intended use.
(m3/d) downhill) (re)user
pay?

ISQ Cat. C: Agricultura
irrigation of nonfood

Golf Courses 20 000 From Sto +35m 2:5 cropsIS©Cat. C:

10 km MAD/m3 . T

Agricultural irrigation
of nonfood crops
ISQ Cat. C: Agricultura
irrigation of nonfood

Landscape From 5 to 2.5 )

and green belt 30000 | 15 4m -25m MAD/m3 cropsiSecat. C:
Agricultural irrigation
of nonfood crops
ISQ Cat. C: Agricultura
irrigation of nonfood

Nonfood From 5 to 2.0 )

crops (Forest) 25000 30 Km MAD/m3 cropsIS@Ca_t. .C' .
Agricultural irrigation
of nonfood crops

Tablel5: Inflow water quality parameter

Turb TSS BOD COD
Quality] NTU |mg/L| mg/L mg/L | mg/L mg/L | No/100ml| No/100mi
0.46 12 17 46 1 6 2 18
D ate Blcarnona
mg/L mg N/L mg/L dS/m
720 260 520 3.6
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In order to perform the assessment, we had to select a water quality regulation to comply witl
for the intended reuse. We considered the 1ISO Guidelin@at. C: Agricultural irrigation of ndaod
crops as most appropriate for the intended reus@$e resilts obtainedshowed that the tertiary
effluent quality indicated already complies with this regulation and that no treatment step would be
required for any of the three endsers.

However, one should note that the ISO guideline do not specify anyJahie for nitrates and this
parameter was not considered. It alappearsthat the nitrate value of the tertiary effluent is higher
than the Moroccan regulation categories A, B anfl.€, 30 mg/l) In case this water reuse option is
further developed, adeeper assessment of nitrate should be considered and an eventua
nitrification/denitrification step could be considered before reuse. The DST applied has limitations ft
the specific case of nitrate and could not be applied for this parameter. Furthéysiswsasconsidered
without treatment required to comply with ISO guidelines.

Even though the result does not requieay treatment,one should considethat the distribution costs

are very significant. Particularly in the case of an uphill elevation, the distribution cost would be arour
2.20 USD/rwith a quantity of 20,000 #required by the eneliser. However, the distribution cost for

a downhill pipehe would, according to the DST analysis, amount to 0.06 US®itm a quantity of
30,000 nirequired by the enelser, as shown by the distribution cosisalysigperformed with the DST
(Tablel16). The only profitable option (revenue from the emder higher than the distribution cost) is
for landscape and green belt supply with reclaimed water. For the other two options, good alternative
to provide costefficient distribution should be further investigated.

Table16: Agadir case study treatment option and cost results

. Distribution cost | CostRevenue
Enduser | Treatment option Cost of treatmenffUSD/nt] [USD/N] [USD/N
Golf No treatment 0 2.21 1.88 (loss)
Courses
Landscape
and green No treatment 0 0.06 -0.16 (profit)
belt
Nonfood
crops No treatment 0 1.19 1.50 (loss)
(Forest)

2.3.2.4. Water reuse options based on tdMdADFORWATHRoject pilots

A MO4: Reuse of municipal WWTP tertiary effluent @ive trees irrigationTechnology suggested:
MADFORWATHRIot (Agadir, Morocco)

The second pilot plant where the MWW treatment process has been applied is located in Agac
Morocco in the Sousklassa regionThe pilot plant for municipal wastewater treatment and agricultural
reuse relies on an existing wastewater treatmentplantwitf G KS adGF dA2y a Qfl I NJ
of 75000 n¥/day. This extrapolates to an annual treatment volume of 27.375 Mio The plant is
articulated on the following treatment sections: (i) a 150 00Damaerobic lagoon, (ii) 64 sand filtration
unit, and (iii) an U\based disinfection unit. This treatment scheme allows the production of & high

46



@ MAD WATER

quality effluent. Considering the total annual volume of 28 MidMWW that was collected in the
SoussMassa Basin in 2011 (Redouane et al., 2017) and tlanient costs of 1.79 MAD/#or 1.04
USD/n$, the pilot plant is capable to treat 97.8% of the MWW generated in this region at a cost of 4
Mio MAD or 28.5 Mio USD. From a social point of view, 76.7% of Moroccans have improved sanitat
services, representg a positive result. In terms of environmental considerations, the results revealec
a low compliance of national water reussgulations for irrigation in comparison with the BS ISO 16072
2:2015 water quality guide.

2.3.2.5. Barriers and measures to foster implentation
In Table17 the detailed scored result, strategy excerpt, identified barriers and measures /
(economic) instruments are shown. The scored results very between 1 (lower) to 3 (higher) for whi
different barriers were identified. These can be overcome by economic angenonomic instruments.
The economic instruments include often price based measures. Thecmromic includencrease
enforcement and capacity building in general and increase of humbereatnient technology and
MADFORWATE&chnologies.

Tablel7.a2 NP OO2Qa NBadzZ G 2F YdzZ GA ONARGSNRI Fylfeara 2F RAFTFSNEB
instruments. The results of the nationdevS f O2y RAGA 2y a F2NJ g (SN NBvdraofditiona farSvater sy (i @
Ad AY NBR FyR SljdzA @l £ Sy (i -éwlcdndtitns torGaitbiBeusdwQ 52 SY £ RINIF YR ySHj idA 20 H
WKA IKS NIeveyet/RAZIAIZEy & F2NJ 61 SN NBdzaS Ay 3IANBSYy |yR SljdzA @I €t Sy
economy. WM stands for water management. P & | stand for policy and institution. L stands for legislation. S stands fdy s&cie

stands forSy @A NB ywaSiyriydR W2 NJ Qy 2 RIGF @At otSWY 2N Qy23 RSTAYSR
Ts Key question Score detailed Strategy excerpt Identified barrier Measures /
instruments
(economic)
Ec -What is theofficial financial Financial support is lower Limited growth based on P2: Subsidies or other

financial assistance
(e.g. assisted loans)

development assistance
(gross expenditure) for water
supply and sanitation?
-What is the level ofeconomic
water security ?

financial support per WW
produced

N1: Insurance

Q1: Quotas (command
and-control)

Q2: Water markets/
water trading

Costs of water pricing is too P1: Pricing/ water

Moderate water security  Improve water security

-What is thewater pricing for Higher for water pricing

2

agriculture ? costs low to cover the actual tariffs
costs P3: Taxes

-What are thefinancial N/Av N/Av N/Av
subsidies for water use in
agriculture?

WM -What is thetransboundary Lower transboundary No No
water dependency ratio ? water dependency
-What is the share of Lower volume of No No

produced volume of
industrial and municipal
wastewater per total
population in a country?

- What is theshare of treated

wastewater produced per
total population

High WW treatment Lower share of treated WW P1: Pricing/ water

to produced volume of
industrial and municipal
wastewater?

-What is the share of
harvested irrigated crop

area per cultivated area ?

potential available

to produced volume,
meaning potentially not
much water is treated in
comparison to available
Ww

tariffs for fresh water
P2: Subsidies or other
financial assistance
(e.g. assisted loans) at
the beginning of new
technology
Non-economic
instrument: Increase of
number of treatment
technology

Lower share of harvested
irrigated crop area per
cultivated area

Lower share ofharvested
irrigated crop area per
cultivated area

P1: Pricing/ water
tariffs for fresh water
P2: Subsidies or other
financial assistance
(e.g. assisted loans) at
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S~
Ts Key question Score detailed Strategy excerpt Identified barrier Measures /

instruments
(economic)
the beginning of new
technology
Non-economic
instrument: Increase of
MADFORWATER
technology

P&l -What is theproportion of N/Av N/Av N/Av
monitoring and reporting
systemin comparison to
other countries ?

-What is the degree of N/Av N/Av N/Av
implementation of national

monitoring and reporting

system?

L - What is thequality of In international Moderate level of quality of Non-economic
contract enforcement, comparison: Moderate contract enforcement, instrument: Increase
property rights, and the level of quality of contract property rights, and the enforcement in general
courts in each country? enforcement, property courts

rights, and the courts
- What is theregulation for Compliance with No No
food and nonfood crop legislation
irrigation with reclaimed
water?

S -What is the degree of N/Av N/Av N/Av
implementation of equitable
water and wastewater
tariffs
-What share of population is Wide use of sanitation No, yet there is a large P1: Pricing/ water
usingimproved sanitation services amount of treated WW that tariffs for fresh water
services? could be used for water P2: Subsidies or other

reclamation financial assistance

(e.g. assisted loans) at
the beginning for new
technologies
P3: Taxes for fresh
water
Non-economic
instrument: Increase of
number of treatment
technology incl.
MADFORWATER
technolgoies

-What is thesocial N/Av N/Av N/Av

acceptance of a country

towards water reuse for

agriculture?

En -What is the status ohational Lower compliance Stricter implementation of  Non-economic
water reuse regulations for regulation and higher instrument: Increase
irrigation in comparison with compliance with ISO enforcement in general
the international BS 1SO 16075-2
16075-2: 2015 water quality
guideline?

- What is the share of thearea Higher share ofthe area  No No

equipped for irrigation that
has become salinized ?

equipped for irrigation
that has become salinized

2.3.3. Tunisia

Water resources in Tunisia are characterized by scarcity and pronounced seasonal and ye
variations. Exploitation of conventional water resources is very advanced and it is expected that wa
demand, driven by population increases, urbanization andawgments in living standards could reach
its maximum around the year 2030. Over the last decade, Tunisia has achieved considerable succe
expanding access to both water and sanitation services, but challenges réiand Bank 2014b;
Ameur 2007 World Bank, 2014; Horchani A., 2007).
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2.3.3.1. Mapping ofwastewater reuse potential for irrigation in Tunisia
The mapping of water reuse potential is reproduced from the deliverable 1.2 in the H202
MADFORWATHRoject (Snethlage et al. 2018)

Overall, the situation in Tunisia appears more diverse in the possible combination of productic
potentials and agronomic centres that are more wij@ead in Tunisia. Even the aressar Monastir
offer a signiftantpotentialto reusethe wastewaterfrom touristic centresandto irrigate highvaluable
cropsin a highly intensive and surface minimizing way, whereas the seasonality of the wastewatt
availability according to the touristic peak seasons shoulddmsidered (se&igure20).

From the logistic perspective the priority areasimdensify the production of high value crops
should be the area of Nebeul (73 100 inhabitants) at the south of the Cap Bon perisesHegure21).
Within the inland, the surroundingof Kairouan(186,000inhabitants)offers another interestingfocus
area. Both areas are in reasonable transport distances and offeragwrogisticexperiences.
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*Calculations performed at distric level by dividing the total urban wastewater
production by the irrigated area available

Figure20: Tunisia current Wastewater production divided by irrigated area at district leve
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Figure21: Tunisia current location aflastewater production hotspots and location of irrigated area

Water reuse options based on the D&3sessment

The assessment presented in sectihf. 1, resulted in several options that could treat municipal
wastewater (either typical raw wastewater or typical secondary effluent of existing WWTP) to th
desired quality in order to comply with the corresponding regulation (either national or ISQjldnto
select topranking options out of all the feasible ones, we proceeded to a ranking based on the lowe
cost of treatment and resulted in four teganking scenarios for water reuse in Tunidial{le18).

From this ranking, we further selected two scenarios as building block for basin scale strateg
presented further in this section. The two selected scenarios are highlighted in graplel8. These

are:

A TUZL Reuse of municipal WWTP typical secondary effluent for irrigation ofemhcrops

Technology suggested:
No treatment necessary

Technology suggested:
Wetlands: Nicaragua

A TU2 Reuse of municipal WWTP typisatondary effluent for irrigation (NT 106.03 standard)

Tablel8: Four topranking scenarios for water reuse in Tunisia based on lowest cost of treatment (treatment of 10,000 [m3/d])

. Endusec¢ water quality Cost of
Ranking | Wastewater regulation Technology treatment
[USD/n]

MAC- MWW - Typical

1 Effluent Municipal Cat. C: Agricultural irrigation
Wastewater quality of nonfood crops No treatment 0
MAC- MWW - Typical Tunisian wastewater reuse

2 Effluent Municipal regulation- NT 106.03 Wetlands:
Wastewater quality standard: irrigation Nicaragua 0.15
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. Endusec¢ water quality Cost of
Ranking | Wastewater . Technology treatment
regulation [USD/nd]
Tunisian wastewater reuse
regulation- Norm 106.03
3 MAC- MWW - Typical revised, Cat Ill: infiltrationf
Effluent Municipal groundwater for agricultural | Wetlands:
Wastewater quality use Nicaragua 0.15
Cat. A: Unrestricted urban
4 MAC- MWW - Typical irrigation and agricultural
Effluent Municipal irrigation of food crops Lagooning:
Wastewater quality consumed raw Australia | 0.22

2.3.3.3.  Water reuse option based on tidADFORWAT KRoject pilot for Municipal
Wastewater

A TU3 Reuse of municipal WWTP secondary effluent for irrigaff@chnology suggested:
MADFORWATHRIot (Chotrana, Tunisia)

One possible treatment technology for MWW that has been developed within the
MADFORWATHERoject is shortly described in the following sectiohhe MWW treatment process
consists of a train of multiple integrated treatment technologieamely: (i) a nitrifyng trickling filter
that provides secondary treatment of organics and ammonia, (ii) a secondary settler for sludg
sedimentation, (iii) a constructed wetland for heavy metals and remaining nutrients removal, (iv)
chemical disinfection unit and (v) an ess secondary sludge dewatering system.

The MWW treatment process was applied in two out of fTMADFORWATHRoject pilot plants. The
first pilot is located in Chotrana, Ariana, Tunisia and has a capacity of abodtd&ynwhich projected
results in anannual wastewater treatment potential of 3,650%rm total. According to the analysis
carried out by the decision support tool, the costs for the treatment of MWW amouit@8 TND/m

or 0.99 USD/r The total annual MWW collected in the GBpn Basirn 2016 where the pilot plant is
located, amounts to 27.25 million¥tOffice National dé QI & a I A y A & &dhségughtlyzthewilotv ¢
plant would be capable of treating 0.01% of the wastewater annwlly total cost of 3,760 TND or
3,614 USDrhe exjnsion potential in this basin is therefore enormotibe results concerning the social
aspects of the nationdkvel conditions for water reuse assessment showed a positive result for Tunisic
This means that, according to the 2nd Arab State of W&eport (2012), 91.6% of the Tunisian
population already uses improved sanitation servigésncerning the environmental aspects of the
water reuse assessment, the results revealed a positive result for Tunisia in tearhggbfcompliance

of national wate reuse regulations for irrigation in comparison with the BS ISO 18@M5 water
quality guide.

2.3.3.4. Water reuse option based on tHdADFORWATHRoject pilot for extile
wastewater (TWW)

A TU4 Reuse of textile WW for nefood crops irrigationTechnologysuggestedMADFORWATER
Pilot (Gwash, Tunisia)

The current situation of textile wastewater treatment in Mediterranean African Countries is
quite diverse. In Tunisia, some textile companies have already integrated internal wastewater treatme
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processes irtd their process sequences, aiming to reach up to 60% reuse of the treated sewage into tl
production processes. The remaining treated wastewater is discharged into the municipal sewa
network. The TWW treatment process developed within MADFORWATHERoject and applied in a
pilot plantconsists of the following treatment trains: (i) a coagulation / flocculationtpratment unit,

(i) a primary clarifier, (iii) an aerobic Moving Bed Biological Reactor (MBBR), (iv) a secondary clari
(v) a filter fdlowed by dye adsorption on resins to further remove the remaining color, and (vi) a dryin:
bed for sludge dewateringlhe MADFORWATH#Iot plant has been installed in the textile industry
Gwash, located in the governorate of Korba (Nabeul, Tunisia),ansdpacity of 10 #day. According

to the developed DST, the TWW treatment costs amount to 0.74 TR@/M71 USD/rh Extrapolated,

the pilot plant is capable of treating up to 3,650 m3 per year. In theEapbasin where the pilot plant

is located, a TWW volume of 450,000 m3 has been collected in the year 201
(http://www.nabeul.gov.tn/fr/les-industriesmanufacturieres). Consequently, the pilot plant could
treat 0.8% of the TWW at a cost of 2,700 TND or 2,590 T&fresults concerning the social aspects of
the nationallevel conditions for water reuse assessment are the same as stated aocethe
assessment has ke conducted on a national levdlhis also applies to the environmental aspect. Thus,
91.6% of the Tunisian population already uses improved sanitation services, and Tunisia has a |
compliance of national water reuse regulations for irrigation in congo® with the BS ISO 16072
2:2015 water quality guide.

2.3.3.5. Barriers and measures to foster implementation
In Table 19 the detailed scored result, strategyxcerpt, identified barriers and measures /
(economic) instruments are shown. The scored results very between 1 (lower) to 3 (higher) for whi
different barriers were identified. These can be overcome by economic aneéc@momic instruments.
The econonu instruments include often price based measures. The-emmnomic includancrease
enforcement and capacity building in general and increase of number of treatment technology ar
MADFORWATHEE&chnologies.

Table19: ¢ dzy A gesduk & &ulti criteria analysis of different key questions, strategy excerpt, identified barriers and (economic)
instruments. The results of the nationdl S @St O2yRAGA2y & FT2NJ 61 (S NewBamitdns FonatSricase Sy
isAY NBR YR SldaAglfSyid o2-ledelicéditmn foNtterfougdyy Ye2SRINI 4l S yWR (SHj2dyAl G- |
WKAIKSNRSYSiADEYRAGAZY A F2NJ g1 G6SNI NBdzaS Ay 3INBSY [|tyERstabds ttrh O I
economy. WM stands for water management. P & | stand for policy and institution. L stands for legislation. S stands fdy s&cie

A0l yRa F2NI-C¥yBAWR yWENII@y® RIFEGE F@FAfFofSW 2N Qy2i RSTAYSR

Ts Key question Score S Identified barrier Measures / instruments

) trategy excerpt ;
detailed (economic)

Ec -What is theofficial financial Financial support is Restricted financial support ~ P2: Subsidiesor other
development assistance (gross moderate financial assistance (e.g.
expenditure) for water supply and assisted loans)
sanitation?

-What is the level ofeconomic 3 High water security No No
water security ?
-What is thewater pricing for 1 Moderate for water pricing Costs of water pricing is too  P1: Pricing/ water tariffs
agriculture ? low to cover theactual costs P3: Taxes
-What are thefinancial subsidies Moderate financial 50% of costs are covered by P1: Pricing/ water tariffs
for water use in agriculture? subsidies governance for irrigation P2: Removesubsidies or
2 currently other financial assistance
(e.g. assisted loans)
P3: Taxes

WM -What is thetransboundary Higher transboundary High water supply P1: Pricing/ water tariffs

water dependency ratio ? 1 water dependency dependency on neighbouring P3:Taxes

countries
-What is the share ofproduced Moderate wastewater Moderate volume of Q1: Quotagcommand-and-
volume of industrial and produced per total wastewater to be treated per control)
municipal wastewater per total population population Q2: Water markets/ water
population in a country? 2 trading

Non-economic instrument:
Capacity building and
technology scale up
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Ts Key question S Identified barrier Measures / instruments
trategy excerpt :

(economic)

- What is theshare of treated to High WW treatment Moderate share of treated P1: Pricing/ water tariffs

produced volume of industrial potential available WW to produced volume, for fresh water

and municipal wastewater? meaning potentially not much P2: Subsidies or other

water is treated in financial assistance (e.g.
comparison to available WW  assisted loans) at the

beginning of nev
technology
Non-economic instrument:
Increase of number of
treatment technology

-What is the share oharvested Moderate share of Moderate level of control P1: Pricing/ water tariffs

irrigated crop area per harvested irrigated crop irrigation per cultivated area. for fresh water

cultivated area ? area per cultivated area P2: Subsidies or other
financial assistance (e.g.
assisted loans) at the
beginning of new
technology
Non-economic instrument:
Increase of
MADFORWATER
technology

P&l -What is theproportion of Higher proportion of No No
monitoring and reporting monitoring in international
systemin comparison to other context
countries ?

-What is the degree of Compliance with national  No No
implementation of national monitoring and reporting

monitoring and reporting system

system?

L - What is thequality of contract In international Moderate level of quality of ~ Non-economic instrument:
enforcement, property rights, comparison: Moderate contract enforcement, Increase enforcement in
and the courts in each country? level of quality of contract  property rights, and the general

enforcement, property courts

rights, and the courts
- What is theregulation for food Partly compliance with Not allowed to irrigate non- Non-economic instrument:
and nonfood crop irrigation with legislation food crop Adapt legislation
reclaimed water?

S -What is the degree of Moderate degree of Limitations in the Increase enforcement in
implementation of equitable implementation of implementation of equitable  general
water and wastewater tariffs equitable water and water and wastewater tariffs

wastewater tariffs
-What share of population is using Wide use of sanitation No, yet there is a large P1: Pricing/ water tariffs
improved sanitation services ? services amount of treated WW that  for fresh water
could be used for water P2: Subsidies or other
reclamation financial assistance (e.g.
assisted loans) at the
beginning for new
technologies
P3: Taxes for frestwater
Non-economic instrument:
Increase of number of
treatment technology incl.
MADFORWATER
technolgoies
-What is thesocial acceptance of N/Av N/Av N/Av
a country towards water reuse for -
agriculture?

En -What is the status ohational Compliance No No
water reuse regulations for
irrigation in comparison with the
international BS ISO 160782:

2015 water quality guideline?
- What is the share of thearea Higher share of the area No No

equipped for irrigation that has

become salinized ?

equipped forirrigation that

has become salinized
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2.4. Intermediate conclusions

This studypresented in this chaptedemonstrates the application of a decision support tool for
water reuse to Egyptian, Moroccan and Tunisian case studies. Research of preloaitzaigentified
key results on typical wastewater quality and current water quality regulations for water reuse. Sorr
gaps were identified and missing parameters were complemented with values from international ca:
studies to identify typical case studitsat showed potential for water reuse implementation in Egypt,
Morocco, and Tunisia.
For all defined case studies, adapted treatment trains that could treat wastewater to the desired quali
at reasonable costs were identified and are presented in thisvel@ble. The results show that
technological options are available for water reuse but the concept is not widely implemented in Egyj
Morocco and Tunisia.
The assessment indicated a hygbtential for water reuse in Egypt, Morocco, and Tunisia. In paldr,
Tunisia resulted with high water reuse level, followsdEgypt and Morocco. It showed that the policy
context and social acceptance is favourable to the implementation of water reuse. The main barrie
hampering implementation of water reuse were economic, water management and environmente
thematic subjects.
The assessment is a positive step in improving the understanding of, and delivering a solution towa
wastewater reclamation and reuse. The assessment expands the existing DST darlyestage
assessmentrom a broad perspective, which considers loadhnological and economic options from
AAE RATTFSNBY(H GKSYI GAO & dzo-8&&assessmentvihdimitedbaiaBablelX
data. This can be overcome by stating assumptions and ensure the assumptions are included w
developing nore in-depth statements. Consequently, the result of this research should be considerec
with limitations.
Future research into water reuse in North African and Mediterranean countries should (i) focus c
specific case studies with high potential for wateuse and (ii) identify exemplary cases to implement
demonstration sites for wastewater reclamation at an affordable cost.

Based on those case studies, we established exemplary -be@i@ and national wastewater
management strategies including economic instruments for Egypt, Morocco and Tunisia. We built t
exemplary strategies upon the tenking options from the DST armdin the MADFORWAT HiRoject

pilot schemes. These options and corresponding technologies are complemented by the results of 1
multi-criteria decision analysis that identifies barriers, drivers and additional measures recommende
to foster the implementathn of sound solutions for water reuse in the regionT&ble20the strategies
results with costs and additional measures and barriers are presented as an overviegararm
considered main outputs of the whole assessment presented in this chapter.

The resultsof potential measures that could overcome identified barristows three mairtypes of
measures. First, the prideased instruments are important to overcomeetibarriers. These include
pricing/ water tariffs, remove subsidies or other financial assistance (e.g. assisted loans), and taxes.
underlyingbarriersis generallyfresh water is available too cheap to cover the costs and thus became
unattractive for rrigation. Second, base alike the first measure on phased instruments: pricing/
water tariffs for fresh water and subsidies or other financial assistance (e.g. assisted loans) at f
beginning of new technology. Thenderlying barrier is mainly not eough water is treated in
comparison to available wastewater. Third, reconomic instruments are important with the
additional measures as: increase enforcement and capacity building in general and increase of num
of treatment technology andd/ADFORWATERBchnologies. Thenderlyingbarriers are mainly lack of
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awareness and knowledge, legislation and enforcement on wastewater reuse and further treatmel
facilities are required.

An additional key outcome of the assessment presented is the importance of the distribution costs,
demonstrated for the optiotMMO3. The distribution costs were not considered for the other options but
it can be stated that a judicious combination betwethe location of the wastewater source and the
end-user location is crucial. Ideally, the potential reusers should be situated at a lower elevation the
the source and the distance should be minimised. If reclaimed water has to be transported uphill aft
treatment for a long distance, the costs outreach greatly the treatment costs.

Furthermore,we recommend to consider a disinfection step before reusing water for crops irrigation
as this is a recurrent requirement in European and international guidefimewater reuse.
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Table20: Overview of the application of the DST and the pilot plant WW treatment type

Code

Description

Cost of
treatment
[USD/nf]

Additional measuresand barriersto overcome forfostering implementation

EG1

Reuse of municipal
WWTP typical
secondary effluent for
irrigation of nonfood
crops

No
treatment

Additional measure I:

P1 Pricing/ water tariffs

P2 Remove subsidies or other financial assistance (e.g. assisted loans)

P3 Taxes

Barrier I

Water is available too cheap to cover the caamtsl thus unattractive foirrigation of nonfood crops

Additional measure II:

P Pricing/ water tariffs for fesh water

P2 Subsidies or other financial assistance (e.g. assisted loans) at the beginning of new technolo
Barrier II:

Moderate share of treated WW to produced volume, meaning potentially not much water is treate
comparison to available WwW

Additional measure lll:

Capacity building

Technology scale up

Barrier IlI:

Lack of awareness and knowledge on wastewater reuse and further treatment facilities are requi

EG2

Reuse of typical
municipal wastewater
for agriculture

0.39

Additional measure I:

P1 Pricing/ water tariffs for fresh water

P2 Subsidies or other financial assistance (e.g. assisted loans) at the beginning of new technolo
Barrier I
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Cost of
Code Description treatment Additional measuresand barriersto overcome forfostering implementation
[USD/n¥]
purposes in desert Moderate share of treated WW to produced volume, mearpotentially not much water is treated in
areas comparison to available WW
Additional measure II:
Capacity building
Technology scale up
Barrier II:
Lack of awareness and knowledge on wastewater reuse and further treatment facilities are requi
Additional measure I:
P1 Pricing/ water tariffs
P2 Remove subsidies or other financial assistance (e.g. assisted loans)
P3 Taxes
Barrier I
Flow of 1,000 Water is available too cheap to cover the costs and thus unattractivieriigaition
3 .
[o°/d]: 051 Additional measure II:
Reuse ofirainage ’ P Pricing/ water tariffs for fresh water
EG3 Canal Water for Flow of P2 Subsidies or other financial assistance (e.g. assisted loans) at the beginning of new technolo
irrigation 10.000 Barrier Il _ . _
[m’3/d]' Moderate share of treated WW to produced volume, meaning potentially not much water is treate
' comparison to available WW
0.30
Additional measure lIl:
Capacity building
Technology scale up
Barrier IlI:
Lack of awareness and knowledgevemstewater reuse and further treatment facilities are required
Reuse of municipal Additional measure I:
WWTP typical No P Pricing/ water tariffs
MO1 secondary effluent for | treatment P2 Remove subsidies or other finan@akistance (e.g. assisted loans)

irrigation of norfood
crops

P3 Taxes
Barrier I:
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Cost of
Code Description treatment Additional measuresand barriersto overcome forfostering implementation
[USD/n¥]
Water is available too cheap to cover the costs and thus unattractivieriigation of nonfood crops
Additional measure II:
P1 Pricing/ water tariffs for fresh water
P2 Subsidies or other financial assistance (e.g. assisted loans) at the beginning of new technolo
Barrier II:
Lower share of treated WW to produced volume, meaning potentially not much water is treated ir
comparison to available WwW
Additional measurell:
Increase enforcement and capacity building in general
Noneconomic instrument: Increase of number of treatment technology BIRDFORWATER
technologies
Barrier IlI:
Lack of awareness and knowled@gislation andenforcement on wastewater reuse affigrther
treatment facilities are required
Additional measure I:
P Pricing/ water tariffs
P2 Remove subsidies or other financial assistance (e.g. askisies)
P3 Taxes
Barrier I
Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten
Reuse of typical No raw
MO2 municipal wastewater treatment

for irrigation of crops to
be eaten raw

Additional measure II:

P1 Pricing/ water tariffs for fresh water

P2 Subsidies or other financial assistance (e.g. assisted loans) at the beginning of new technolo
Barrier II:

Lower share of treated WW to produced volume, meaning potentially not much water is treated i
comparison to available WW

Additional measurell:
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WATER
Cost of
Code Description treatment Additional measuresand barriersto overcome forfostering implementation
[USD/n¥]
Increase enforcement and capacity building in general
Increase of number of treatment technology aWlADFORWATEE&chnologies
Barrier IlI:
Lack of awareness and knowledge, legislation and enforcement on wastewater reuse and further
treatment facilities are required
Additional measure I:
No P1 Pricing/ water tariffs
P2 Remove subsidies or other financial assistance (e.g. assisted loans)
treatment
P3 Taxes
. Barrier I
Distribution . . L
costs Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten
2.21| @Y
(uphill - )
{ LISOATAO Ol elevation of Ad_dltl(.)r.]al measure II:
P Pricing/ water tariffs for fresh water
Wastewater treatment | 35m) 2 i . . . .
MO3 ) . P2 Subsidies or other financial assistance (e.g. assisted loans) at the beginning of new technolo
plant with multiple Barrier II-
reusers (downhiIIO-O6 Lower share of treated WW to produced volume, meaning potentially not much water is treated ir
) comparison to available WwW
elevation of
25m) Additional measure lll:
119 Increase enforcement and capacity building in general
(no ' Increase of number of treatment technology aMeADFORWATE&chnologies
evelation) Barrier IlI:
Lack of awareness and knowledge and enforcement on wastewatee and further treatment
facilities are required
Additional measure I:
Reuse of municipal No P1 Pricing/ water tariffs
MO4 WWTP tertiary effluent| treatment P2 Remove subsidies or other financial assistance (e.g. askisies)

for olive trees irrigation

P3 Taxes

Barrier I:
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Cost of
Code Description treatment Additional measuresand barriersto overcome forfostering implementation
[USD/n¥]

Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten
raw
Additional measure II:
P1 Pricing/ water tariffs for fresh water
P2 Subsidies or other financial assistancg.(assisted loans) at the beginning of new technology
Barrier II:
Lower share of treated WW to produced volume, meaning potentially not much water is treated ir
comparison to available WwW
Additional measure llI:
Increase enforcement and capacity builgiin general
Increase of number of treatment technology aWADFORWATHEE&chnologies
Barrier IlI:
Lack of awareness and knowledge and enforcement on wastewater reuse and further treatment
facilities are required
Additional measure I:
P Pricing/ water tariffs
P2 Remove subsidies or other financial assistance (e.g. assisted loans)
P3 Taxes
Barrier I

- Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten

Reuse of municipal raw
WWTP typical No
TUl secondary effluent for | treatment

irrigation of nonfood
crops

Additional measure II:

P1 Pricing/ water tariffs for fresh water

P2 Subsidies or other financial assistance (e.g. assisted loans) at tinaeibggdf new technology
Barrier II:

Lower share of treated WW to produced volume, meaning potentially not much water is treated i
comparison to available WW

Additional measure llI:

60



@ MAD WATER

Code

Description

Cost of
treatment
[USD/n]

Additional measuresand barriersto overcome forfostering implementation

Increase enforcement and capacity building in general

Increase of numér of treatment technology anMADFORWATEE&chnologies
Barrier IlI:

Lack of awareness and knowledge, legislation and enforcement on wastewater reuse and further
treatment facilities are required

TUZ2

Reuse of municipal
WWTP typical
secondary effluentor
irrigation (NT 106.03
standard)

0.15

Additional measure I:

P1 Pricing/ water tariffs

P2 Remove subsidies or other financial assistance (e.g. assisted loans)

P3 Taxes

Barrier I

Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten
raw

Additional measure II:

P Pricing/ water tariffs for fresh water

P2 Subsidies or other financial assistance (e.g. assisted loans) at thaibggif new technology
Barrier Il

Lower share of treated WW to produced volume, meaning potentially not much water is treated ir
comparison to available WwW

Additional measure llI:

Increase enforcement and capacity building in general

Increase of numér of treatment technology anMADFORWATEE&chnologies
Barrier IlI:

Lack of awareness and knowledge, legislation and enforcement on wastewater reuse and further
treatment facilities are required

TU3

Reuse of municipal
WWTP secondary
effluent forirrigation

Flow of 1,000
[m3d]:
1.25

Flow of

10,000

Additional measure I:

P Pricing/ water tariffs

P2 Remove subsidies or other financial assistance (e.g. assisted loans)
P3 Taxes

Barrier I
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Cost of
Code Description treatment Additional measuresand barriersto overcome forfostering implementation
[USD/n¥]
[m3/d]: Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten
0.59 raw
Additional measure II:
P1 Pricing/ water tariffs for fresh water
P2 Subsidies or other financial assistance (e.g. assisted loans) at thaibggif new technology
Barrier II:
Lower share of treated WW to produced volume, meaning potentially not much water is treated ir
comparison to available WwW
Additional measure llI:
Increase enforcement and capacity building in general
Increase of numér of treatment technology anMADFORWATHEE&chnologies
Barrier IlI:
Lack of awareness and knowledge, legislation and enforcement on wastewater reuse and furthel
treatment facilities are required
Additional measure I:
P Pricing/ water tariffs
Flow 0of200 | P2 Remove subsidies or other financial assistance (e.g. assisted loans)
[m3¥d]: P32 Taxes
1.60 Barrier I
Water is available too cheap to cover the costs and thus unattractivieriigation of crops to be eaten
Reuse of textile WW fo FIOSW 9f 1,000 raw
TU4 non-food crops [m/d]: "
irrigation 0.89 Addltlo_n_al measure II_:
P1: Pricing/ water tariffs for fresh water
Flow of P2: Subsidies or other financial assistance (e.g. assisted loans) at theifiggif new technology
10,000 Barrier II:
[m3d]: Lower share of treated WW to produced volume, meaning potentially not much water is treated i
0.45 comparison to available WW

Additional measure llI:
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Code

Description

Cost of
treatment
[USD/n]

Additional measuresand barriersto overcome forfostering implementation

Increase enforcement and capacity building in general

Increase of numér of treatment technology anMADFORWATEE&chnologies
Barrier IlI:

Lack of awareness and knowledge, legislation and enforcement on wastewater reuse and further

treatment facilities are required
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3. Strategies and economianstruments for water reuse and water & land

management in agriculture (Task 5.3: UPM)

3.1. Geeral structure of the DST
This section corresponds section2.1.2o0f MADFORWATER Final report on the water & crop allocatior
model, Deliverable 3.4MADFORWATER)199

The general objective of the DST (agomnomic model) is to develop water and land management
strategies aimed at an optimal exploitation of the irrigation technologies and at the assessment of tt
impact of economic instruments for improving iaigon efficiency and for enhancing treated WW reuse
in agriculture.

A generalstructureof the DSThas been framed to be comprehensive and flexible in order to be able to
include all the possible specificities of the three case studies and to incorpaffeesdt types of crops,
intensificaion levels, use of fertilizeras well as different types of water sourc&he general structure

of the agreeconomic model can be illustrated as follows:

. WP nari WP nari
WP2 Scenarios . 3 Scena 0S 5.5(.36 arios
WW treatment technologies Irrigation technologies for Economic instruments
efficient WM and WW reuse for WM
INPUTS 1 OUTPUTS
Land use changes
Water parameters cropping patterns
Availability efficiency quality, AGRO
costsof different sources ECONOM'C Impacts on water use
- Consumptiorfrom different sources
MPM E[> - Water productivity (/m3)
Farm and crop parameter _ - Watermarginalvalue
- Farm characteristics constrained
6aArl Sz NBaz 0§ & X@ptimization . .
- Crop water and fertilizer ) Socmeconqmlc Impacts
requirements, production costs, - Farmincome
prices, etc. - Labor use
- Publiccost

Figure22: general structure of tle Agreeconomic model

The agreeconomic modeis written in GAMS (General Algebraic Modeling System) language. |
is based on a mathematical programming of a farm model widely applied in the eceagncaltural
analysis and in the irrigatedgriculture analys® ¢ KS 2062SOGA GBS 2F (KAaA
behavior under different scenarios and risk situatiofsr each possible scenario, the proposed model
Fff2ga (G2 ARSYUOGATFE 2LIGAYLEE  FI NYS NRONqOK. THe nédal |
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also allows to estimate the effects of such choices on water consumption, water distribution amor
crops,land use changes and farmer income.

The agreeconomic model maximizes farmers' utility subject to a set of resources (land and water
agronomic and economic constraints, and offers the possibility to simulate and analyze differe
scenarios. It aims athe identification of the optimal cropping pattern of the study area and the

calculation of the relative water demand.

¢tKS 202S8S0GAGS FdzyOlArzy 2F GKS Y2RSt YIEAYATS

its standard deviation due to riskvarse towards price/yield variation.

MaxU=Z, - f*s(Z,) (1)

where
U: Utility to be maximized

AAAAA

Zp Averaged SELISOGSRO FIF NY NBGSydzS 6¢ev

f: Risk aversion coefficient
sY {UGlFYRFNR RS@OAIFGAZ2Y 2F GUKS SELISOGSR AyO02YS
p: farming type/position

The farm revenueer farm type, Zp, is defined as the difference between the value of production anc
variable and fixed costs, except for the cost for the irrigation and the cost of fertilizers. Where it
relevant, as in the Egyptian case, also a specific cost for emengcluded.

It is given by the following equation:

Z,=aPr*Y  * X.iqp- VCOSE* X i 00 )
clq,

- Fcost-(Fertreg.«* Fertp) - Prwat QWat- TarWatirrland - EnCop* Drwat

where

C: crops

g: type of water

I irrigation technique

f: type of fertilizer

X, i, q,p the crop activity level (ha)

PreY I SN} 3S ONRL)I LINAOS o6exkljfo

Yeqt crop yield (gl/ha)

Veost:Y @F NAIFo6fS O2ada 6ekKIFDO

Fcost¥ FAESR 02aia 06¢€¢0

Fertretqr amount of fertilizer (kg)

FertprY FSNIAE AT SNJ LINAROS 606ek] 30

PrWat,: water tariff per m3 or per type of water

QWAT,»: annual used water (m3) paipe of water

TarWat;: water tariff per ha and per type of water

Irrlandq,p: irrigated land (ha) by type of water

DrWat drained water

EnConenergy required (KwH/m3)
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The value of production refers to the product sold for final consumption or processed. Variable cos
are given by the specific cropping expenses including costs for temporary labour and mechanizati
seeds, fertilizers and pesticides, hire charges, fusyrance, electricity, etc.).

Costs of irrigation water are not included in the variable costs since they are an endogenous variat
They have been defined in two ways: i) as the volume of water used multiplied by the price of water p
cubic meter antbr ii) as a fixed water tariff to be paid for each hectare of irrigable land or for total
agricultural land.

Risk is present in all management decisions of agricultural systems, as a result of price, yield

resource uncertainty and the risk aversioretftcient (f) measures the degree of risk aversion of the

agent. This coefficient is related to the farmer and its value is often ranging from 0 to 1(65). iinplies
farmer is risk neutral, as the risk aversicoefficient increases the diversification of cropping pattern
increases.

oz a0FYRINR RSOAILIGAZ2Y 2F FIENXY AyO2YS 06e€e0 A

S(Z) :\/a (Z' ZNKsnsm) (3)

k

where

ZKGKS NYYR2Y AyO0O2YS 0¢0

N: number of states of market for priggeld variability (N=50)
ZY SELISOGSR FTIENY AyO02YS 06¢€0
sn: states of nature

sm: state of market

The random income Zkk is calculated using the same equation applied for calculating the expec
income Z; the unique difference was that the average pricelyield are replaced, by the random pricelyie
over state of nature (k) whererjge _kc,sm and yield_kc,sn are vectors of independent random numbers
normally distributed (i.e. they are calculated using a normal distribution function based on the averac
and the standard deviation of price and yield).

Water and fertiliser useWATusé and FERTused, are defined by specific equations as follows:

WO Yo i Q0B j

S AFTE 4)

"00'Y YO fr QB i "QQT 0 j5 @ ki 5)

Where:

1 NIR:net irrigation requirements of crops(m3/ha)
1 htech: technical efficiency of irrigation system
1 fertreq: amount of fertiliser for each crop(Kg/ha)
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CINY¥SNBEQ RSOA&A2Y Aa Of SIN¥eée O2yaidNXAySR oé
mainly land and water, water policies, and are made subject to an often considerable uncertainty (yielc
prices, costs, resources. The main constraints adopted by the model include:

Agriculturalland constraint imposes that the total land requirement for cropping cannot exceed
agricultural land availability.

Biin 00 1RQ Opp 0 0ER (6)
Where

L use m: Land occupation coefficient for each crop per month;

m: Month

Land,: Agricultural land availabiy in the different field sectiorgha).

The total land constrairitnposes that the set of crops grown, including uncultivated land antllage,
R28SayQi SEOSSR G(KS I@grAfrotS t1IyRT AG A& RS
schedule that specifies the land use per crop.

The Water constraintdmposesthat the sum of water requirement for irrigated crops over the year

cannot exceed the yearly water availability:

w0 YO i QQQwo "Yoxrb (7)

where
WATay,,: Water availability(m3).

When different water quality and/ or source are considered, salveonstraints are included.
3.1.1. DST applied to Egypt

3.1.1.1. The case study of Kafil Sheikh
The Egyptian case study refers to the irrigated farming system inBkSfreikh region in
Northern Egypt with a total population of about 3 million inhabitants. EI Wasat command area, locate
in the northern part of KafEl-Sheikh and supplied from Mia¥eed main canal, was selected for the
study. Mit Yazeed canal is 63 km long and feeds 19 branches for a total area of 88,200 ha.

Property and responsibility for operation and maintenance of canal and, fwanch canal are public.
The public sulbranchOl vy f RSt AGSNE ¢l GSNJ 2 LINAGIF OGS OKI
I NBl 2F |062dzi wn (02 yo KSOGINBad aSallra FSSR
8.3 hectares. Operation and maintenance of Mesgas and Marwas are done latbeusers and/or
Water Users Associations.

The Irrigation Improvement Project (IIP) enabled the operation of Daqalt canal on a continuous flc
through automatic downstream control gates with aim to guarantee greater flexibility in the timing of
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irrigation applications, as compared to the rigid rotation schedules of the traditional system, in order t
meet crop water requirements. The flow in the branch canal is determined by regulation of the dischart
at the head of the canal and accounts foetharea served by the canal and the cropping pattern. The
former rotational system resulted in inefficient application of irrigation water, water losses, and at
inequitable water distribution but with 1IP, water delivery services to the farmers improvedtend
flexibility of the water management system increaséthwever,this improvement program did not
solve the problem of inequity of water availability between head and tail areas along the branch cana
To represent all the agricultural area in théit Yazeed main canasix sample tertiary canals were
selectedin the head, middle and taibf the Daqalt sukbranch canalhich is an earthen branch canal
located at km 41 of Mit Yazeed on the right sid&l.42 km long anderving a total of 344 ha
(Abdelmoneim, 2016).

During a fieldwork carried from February to April 2016, several sites and institutions were visited su
as the Ministry of Agriculture and land reclamation, the Ministry of Water Resources and Irrigatio
(MWRI) and the National Water Reseh Centre. The different data sources were merged in the best
possible way to ensure reliability and compatibility, even though the difficulty to unify data from
different sources still remain a challenge. Where necessary, dataldesraipdated in a seand shorter
field work dine during December 2018.

3.1.1.2. The model
¢KS 5{¢ ILIWXASR G2 (GKS 93eLlJiQa OIFasS addze
MADFORWATBER H A MpO® | 26 SOSNE AY 2NRSNJ G2 LIN&EchIJS N
as the differences existing in water availability and water distribution and application efficiency alor
the mesgag index p in the equations and parameters the introduction ofan innovative irrigation
technology(the gated pipg and the practice to reuse drained water, some variables and/or parameters
have been modified as follows:

1) Given the multiple "external” constraints on farms and their decisi@aking process, which in
Egypt contribute to determining the cultivation modglywas preferred to consider the decision
concerning the allocation of land between the various crops among the various scenaric
constant

2) Fertilizercosts are included in the variable costs and not considered as separate;

3) The annualized investment cosif the technology of gated pipe and its O&M costs are
considered in the fix and variable costs, respectively;

4) The amount of water drained and reused is calculated as the difference between the gro
irrigation requirements of the cultivated crops and thater supply;

5) The cost to reuse the drained water is calculated and included in the equation of the farme
income. It is equal to the energy required ki/h, to pump one cubic meter of water multiplied
by the cost of the energy, in EutdNVh.

The model,integrated and modified, was applied to the Egyptian case study to analyz
alternative political scenarios and estimate the impacts of different policies in terms of parameter
deemed relevant to the case study: amount of drained and returned water irsyiseem, irrigation
system performance in terms of adequacy economic performance of the farmers and, ultimately, tr
convenience and the effectiveness to adopt treatment and irrigation technologies developed i
MADFORWATER.

3.1.1.3. Input dataand Simulation Scenas
1 Land and crop data
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According to the data provided by the National Water Research Centre, in the six select
Mesqas 348 farmers cultivate around 185 ha where 75 ha are in head position, 50 ha in the middle &
59 ha in the tail of the canahs in althe North Delta, two seasons are differentiated in the selected
Mesgas: summer season (mid of Manehd of September) and wiar season (OctobeFebruary). Min
summer crops are rice, cotton and maize. In the winter season, alfalfa, wheat and sugaréde a
dominant crops. Farmers usually divide their land holdings into thirds, rotating between cereals ar
break crops. Popular wintesummer rotations include the following: wheat followed by rice, and wheat
or alfalfa followed by maize (FAO, 2015).

Tale 21: Cropping pattern in the selected Mesga, Egypt

WINTER SUMMER
Meska Sugar
Canal Position @ Code Alfalfa Wheat Beet Other Cotton Rice Maize
MDO1 45.81% 38.87% 15.32% 41.64% @ 55.52% @ 2.83%
H
MDO02 37.09% 56.62% 6.29% 42.52% @ 42.52% @ 14.96%
MDO03 24.37% 33.41% 42.22% 29.63% | 59.26% 11.11%
M
MDO04 40.46% 30.51% 29.12% 33.36% | 64.87% | 1.85%
% MDO05 43.99% 30.72% | 4.42% 20.87% 27.21% | 54.42% @ 18.37%
g T
8 MDO06 17.04% 37.78% 45.19% 23.85% | 69.93% | 6.22%
Crop2s ASt RAaQ RI{F KIFI@S 06SSy 0O02tf SOGSR yR dza$s
Table22: Crop Yields, Egypt
ton/ha 2007 2008 2009 2010 2011 2012 2007-¥Y m 1 2013
Cotton 16.2 12.9 14.3 12.5 16.8 12.6 14.2 11.6
Maize 8.7 8.2 8.2 9.0 8.9 8.7 8.6 8.7
Rice 10.0 9.8 9.4 9.2 9.4 9.1 9.5 8.9
Wheat 6.7 6.4 6.4 6.4 6.4 6.4 6.4 6.3
Alfalfa n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Vegetables n.a 34.9 34.8 32.9 n.a. 32.5 33.8 34.3
Sugarbeet | 50.8 49.3 48.7 47.5 47.6 48.0 48.6 47.8
Source: Agricultural Statics in Kafr EI Sheikh, Economic Affairs Sector, MALR, wa@gs
Finally, cost of production and domestic prickgahave beercollected
Table23: Cost of production, Egypt Table24: Prices of products, Egypt
Direct costs, Euro/ha Price, Euro/ha
Cotton 532 Cotton 971
Maize 467 Maize 157
Rice 489 Rice 240
Wheat 419 Wheat 209
Alfalfa na. Alfalfa 512
Vegetables (Potatoes) 1003 Vegetables (Potatoes 209
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Sugarbeet

Source: CFC, 2016

1 Water data

Irrigation permits double and even triple cropping on most of the arable land and enable

929
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Sugarbeet*

Source: MALR

34

farmers to switch the crop rotation from a thre® a two-year cyclelrrigation method applied for all
crops except for rice, is the traditional surface irrigatiith an irrigation efficiency that can be

estimated around 60%. For the paddy system used to cultivate rice, the irrigation efficiency is 50

Available water per season and per position of Mesqa in the sulbbranch canahighlights relevant
differences.

Table25: Available water per season and per position of the Mesqa, Egypt

Water Supply (m3) Summer
1052770

Head
Middle
Tail
Total

Source: our elaboration on NWRC

Table26: Net Irrigation requirement per crop, Egypt

WINTER

Alfalfa
Date
15/1
30/1
15/1
30/1
14/01
29/01
13/02
28/02
15/03
30/03
14/04
29/04

1/05

Source: our elaboration oMbdelmoneim data, 2016

mm/ha
120.3
15.5
20.4
22.0
21.8
23.3
27.5
32.2
39.0
45.0
45.9

36.7

721053
675714

2 449537

Wheat
Date
15/1
30/1
15/1
30/1
14/1
29/01
13/02
28/02
15/03
30/03
14/04
29/04

14/05

mm/ha

45.3
29.3
27.3
27.4
28.8
32.0
38.5
46.1
47.8
55.2
64.3
60.6

36.9

Winter
390050
230405
218502
838957

Sugarbeet

Date

15/10
30/10
15/11
30/11
15/12
30/12
14/01
29/01
13/02
28/02
15/03
30/03
14/04

29/04

mm/ha

40.3
20.5
20.2
22.1
24.3
26.5
29.9
29.4
34.7
40.8
48.8
55.0
57.8

54.1

Total
1442820
951458
894216
3288494
SUMMER
Vegetables Cotton
Date | mm/ha Date mm/ha
15/10 | 40.8 15/03 56.0
30/10 | 36.3 30/03 36.0
14/11 | 36.0 14/04 | 44.9
29/11 | 36.5 29/04 59.8
14/12 | 27.2 14/05 | 80.1
29/12 | 25.0 29/05 100.0
13/01 | 24.4 13/06 98.5
28/01 | 25.1 28/06 101.9
12/02 | 28.2 13/07 99.3
28/07 97.0
12/08 88.9
27/08 73.7
11/09 59.3
26/09 43.7

Rice
Date
15/05
30/5
14/06
29/06
14/07
29/071
13/08
28/08
12/09
27/09

29/09

mm/ha
60.3
71.4
84.7
96.2
86.0
84.8
82.6
79.7
69.6
48.9

Maize
Date
29/5
13/06
28/06
13/07
28/071
12/08
27/08
11/09
26/09

01/10

mm/ha
54.6
42.9
54.5
75.2
93.3
89.3
85.6
80.5
71.1
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Efficiency changes along the sbkanch canal according to the position of the mesqa as given in the
following table

Table27: System irrigation efficiency, Egypt

Efficiency

Paddy.Head 55%
Paddy.Middle 50%
Paddy. Tail 45%
Furrow.Head 65%
Furrow.Middle 60%
Furrow. Tail 55%

1 Simulation Scenarios

The baseline scenario
The baseline scenario corresponds to the current situation in theietirdgion. In this scenario, 17

787 m3/year/ha of water are provided as an averdgable25) where 19 310 m3/year/ha, 18 670
m3/year/ha and 15 100 m3/year/ha are the aomd of water provided in the different secticof the
mesqga. Water distribution and application efficiency changes, for each different irrigation method,
along the sukbranch canal according to the position of the megdeead, middle, and tail sectioras
given in the following: Paddy.Head 55%, Paddy.Middle 50%, Paddy. Tail 45%, Furrow.Head 65%,
Furrow.Middle 60%, Furrow. Tail 55%. The price of the energy used by the farmers tahgump
drained water into the system is equal to 0.061 Eukbh.

Bychanging one or more factor, different scenarios can be obtained:

The technology scenario

In this scenarioa new irrigationtechnology- the gated pipe- is proposed.

Gate pipe is aew type ofhigh flowcalibrated nozzle able to provide constatischarges as pressure
decreasesslf-compensating gated outlets minimizes each pressure variation and maintain constant
outlet discharges within a certain operating rangae main objective to develop such technology is to
increase the distribution uragfrmity of water applied at farm level and, therefore, to reduce the
amount of water going to the drainage system in favor of more clean water available apgream
irrigation canals.
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¥

Figure23: Seltcompensating gated pipeystem

Theannualizeccost of the equipment is estimated to 232 Euro for each hectare of irrigated land
equipped with the new technology while an additional cost of 145 Euro/year for the O&M is estimate:
compared to the traditional irrigation system currently used. Both thstsof investment and
operation&maintenance have to be paid by the farmers. The effect of the new technology appears i
the efficiency of the irrigation system: a uniform efficiency of 0.75% is considered along all the sub
branch canal for the furrow igiation; nothing changes for the paddy method. The price of the energy
issetequal to 0.061EuldWK @ LYy O2YO0oAYylFGA2Y GAGK GKS Wgl (S
decreasing quantities of water supplied to farmers are also simulated.

The water availaility scenario
In this scenario, the quantity of water supplied to farmers can be gradually reduced in combination

GAUK GKS STFFTFAOASYyOe& 3l Aya | O Kokt dtductibnyof thie kgsded W ( !
pipes. A uniform reduction of 10%oag all the mesqga has been simulatad priceof the energy is
set equal to 0.061 Euro/Kwh.

The policy scenarios

In this scenario, given both the introduction of the innovative gated pipe (with the associated costs al
efficiency gains) and the reduction the watersupply:an innovation subsidy policy is simulated to cover
all or part of the gated pipe equipment and O&M costs. Further, an energy pricing policy is al:
simulatedby increasinghe current price for electricity.

3.1.2. DST applied taMorocco

3.1.2.1. The case studgf the Citrus sector in Souss Massa basin

SoussMassa is one of the twelve regions of Morocco. It covers an area of 51,642 km? and it h
a population of 2,676,847 as of the 2014 Moroccan census. The capital of the region is Aga
Agriculture is the most important economic activity in the region; Souss Massa is in fact considere
leading region in the production of several fruit and vegetable crops such as tomato and citrus.

The model was applied to thetitis productionsystem thatoccupies an area of 40343 hehich
represents one third of ta total citrus area in Morocc®0 % of farm$iave an average farnrea of
more than five hectares and represe®® % of the total area. Their prime objective is the economic
profit; this objective determines the management strategies of their activity.
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To achieve the maximum profit, farmers choose carefully the varieties and the rootstocks to k
planted. The choice of the variety is based on its productivity, response to stessgance to certain
diseases and market demand.

The most used varieties in the region are Clementine (31%), Maroc late (22%), Navel, (12%), N
(12%), Nadorcott, Ortanique and Salustiana cover the remaining parmers rely on external labor,
permanent and seasonal, which is generally paid every two weeks. Through the years, farmers in t
study region have developed ways to organize their activities, and so they have created cooperativ
each of which combines a number of farmers. This form of drgéion allows farmers many
advantages, such as technical consultancy, assistance with irrigétidiization and phytosanitary
treatments, and commercialization of the produce to the international mark@nce collected, the
product is packaged and iseto the markets of destination according to the demand. Cooperatives in
the region deal mostly with the European Union, Russia, China and the United States of America. Tt
YIENJ] SG&a NBIdANB a2YS &aLISOATAOLF A 2 yhich impose caRaimB
hygiene and sanitation instructions through the whole production chain (nurseries, farms, transpo
means and packaging factories). Cooperatives assist farmers also in the implementation of the
directives, and periodic audits are ciaa out to insure the respect of these instructions.

3.1.2.2. The model
¢CKS 5{¢ ILIWIXASR (G2 (GdKS az2NROO2Qa OFasS aiadz
in MADFORWATERO019c. However, to properly take into account the availabilitg Erger amant
of wastewater of water of different qualities by using the treatment and irrigation technologies
proposed and tested in the framework of the MADFORWAPEifRct, some variables and/or
parameters have been modified as follows:
1) The proper irrigation andertilization strategy with the use of treated wastewater been
included in the model based
2) Possible impacts on crops yield associated with the use of treated wastewater have be
explicitly considered
3) Fertilizers costs have been excluded from the varigblgs since they are the parameters
that will allow the comparison between the two water quality resources (fresh water and
treatedwastewater) andi S LI NI 0 Sf & O2yaARSNBR Ay (GKS 7

The model, integrated and modified, was applied tte Moroccan case study to analyze
alternative political scenarios and estimate the impacts of different policies in terms of parameter
deemed relevant to the case study: the optimal allocation of land and of different quality irrigatior
waters among crop will be identified economic performance of the farmers and, ultimately, the
convenience and the effectiveness to adopt treatment and irrigation technologies developed |
MADFORWATER.

3.1.2.3. Input dataand Simulation scenarios
1 Water data

Due to the exhaustion of local aquifers, farmers rely on surface water for a part of their irrigatio
needs. Water is delivered from nearby dams, for an average price of 0.15 Euro/m3. This tariff does |
vary according to the volume of water consumed, @helre is no fixed tariff applied for each unit of
cultivated land. Each farm is equipped with a storage basin, in order to store water coming from tt
dam to be used when needed.

73



6 MAD WATER

In order to manage the irrigation and fertilization procedures, farmersracgiested, by the
cooperative, to do soil and water analysis at the beginning of the year, in addition to leaf analysis duri
the growing cycle. In addition to that, and on a daily basis, farmers receive text messages on their mol
phones, with climatgarameters (ETo, humidity, temperature) to help them determine the amount of
water to be applied for the irrigation event. To maximize water efficiency, all farms are equipped wit
drip irrigation systems. The model however defines a set of irrigatiamigaes (surface, sprinkler and
drip irrigation). The efficiency for drip irrigation systems is set to 95%.

The net irrigation requirements have been calculated from the data collected from the stud
area for the five citrus chosen varieties. NIR are sgegd not to change among the fresh and treated
wastewater. In the area, the wastewater is treated in the treatment plant to a tertiary level using Ultra
Violet rays, which requires the use of technology and energy, and thus, the treatment cost is high
equal to 0.23 Euro/m3.

Table28: Annual water requirements (mm) for selected varieties on a fortnightly basis, Morocco

Crop janl jan2 febl feb2 marl mar2 aprl apr2 mayl may2 junl jun2
Clementine 14 14 24 21 24 26 28 28 32 34 33 48
Navel 14 15 23 20 23 25 31 31 31 33 32 46
Maroc Late = 14 | 15 26 23 26 28 35 35 35 38 37 53
Nour 13 14 24 21 24 26 28 28 32 34 29 42
Nadorcott 27 28 9 7 22 35 40 @ 45 52 63 65 51

jull | jul2 | augl  aug2 | sepl | sep2  octl oct2 | novl nov2 decl dec2
Clementine 37 = 40 32 34 16 16 13 14 14 14 9 13

Navel 46 49 41 | 43 | 23 | 23 19 | 22 21 21 8 12
Maroclate = 53 56 47 50 24 24 19 22 21 21 8 13
Nour 33 3 28 3 16 16 13 15 14 14 8 13
Nadorcott 60 76 74 80 76 74 49 45 35 17 4 18

1 Crop data

Yields per variety, during the period of 2016/2017 for the normal irrigatb®0 % (Crop
evapotranspiration) ET prices at which crops are sold in the international market, along with their
standard deviations and variable costs of productioncluding external labor for required during the
production cycle to perform farming tasks, inputs (seeds, treatments) and machinery and excludil
fertilizer and water that have been considered as separathdve been collected from the cooperative
in charge foproduct commercialization, official websites of authorities responsible for exports (EACC
and the FAO statistics website (FAOSTAT).

TablesTable29, Table30,Table31and Table32 show the yields per variety for the study region,
during the period 2016/2017 for the normal irrigation (100 % ETc) and the prices at which crops are s
in the international market, along with their standard deviations. These datie wollected from the
cooperative in charge for the product commercialization, official websites of authorities responsible f
exports (EACCE) and the FAO statistics website (FAOSTAT).

The major part of production variable costs is represented by thespart and collection of
fruits (26%).
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Both water and fertilizers costs have been excluded from the variable costs since they are t
parameters that will allow the comparison between the two water quality resources (fresh water an
treated wastewater). De to its richness in some fertilizing elements, the use of treated wastewater
could allow to reduce the amount of fertilisers.

The annual requirements of two key fertilizers (Ammonitrate and Mono Ammonium Phosphat
MAP) for the five varieties are presext in the table. Nitrogen is supplied to the plant in the form of
Ammonitrate, which contains 33 % of N. Phosphorus is supplied in the form of MonoAmmoniu
Phosphate (MAP), containing 62 % of PZ0te two fertilizers are sold in the market at 0.32 &n89
Euro/kg for Ammonitrate and MAP, respectively.

Table29: Crop Yields, Morocco Table30: Variable costs, Morocco Table3LCSNIAE AT SNEQ NJ
Variety Yield(t/ha) Variety Variable costs Crop _ MAP
i (Eurdha) Ammonitrate (Kg/h
Clementine 30 (Kg/ha) )g
i a
Nadorcott 25 Clementine 4800 |
Navel 5 000 Clementine 570 68
Navel 40 - o ”
ave
Maroc Late 45 Maroc Late 5000
Nour 4 900 MarocLate 612 78
Nour 40
Nadorcott 4740 Nour 571 65
Nadorcott 558 73

Table32: Crop prices, Morocco

Variety Yield (t/ha)

Clementine 30
Nadorcott 25
Navel 40
Maroc Late 45
Nour 40

1 Simulation Scenarios
The baseline scenario
The baseline scenario corresponds to the current situation in the study region. In this scenario, ol
fresh water is available for farmers in a sufficient amount (8000 m3/year/ha). The price of fresh wat
is equal to 0.15 Euro/m3 with an efficiency oéttrip irrigation system equal to 95%.
By changing oner more factor, different scenarios can be obtained:

The water availability scenario

In this scenario, the treated wastewater is an additional irrigation water somnage available
by the innovatie technologies proposed and tested by the MADFORWATER pigDIHORWATER
2019a) Both fresh water and wastewater, with their current prices are considered: price of wastewate
0.23 Euro/m3 and price of fresh water 0.15 Euro/m3. The efficiency for gtersyis equal to 0.85 for
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wastewater, and 0.95 for fresh water. The efficiency is considered lower in the case of wastewater, d
to the lower quality of this resource. Such lenquality affects the functioning of the system by clogging
and salts accumuten on pipesTheSafe Irrigation Management (S)khodel was used in order assess
irrigation and nutrient requirements, O NB LJ& Q & doiSquaRty in tergisof soil salinity undeeated
wastewater irrigatio(MADFORWATER, 2019b)

Given thecharacteristics of the TWW and their nutrient content, crops fertilizer requirements are totally
satisfied by using this additional irrigation water source. However, the strict use of TWiaesdn
average yieldlecreaseof 8%, mainly due to the negatiwapact of the increase of salinity level in the
root zone.

The policy scenarios

In this scenario, given the availability of both fresh and treated water and their associated levels
efficiency, 0.95% and 0.85%, respectively, a water pricing posicyusatedby taking constant the price

for freshwater (0.15 Euro/m3) and decreasing monel anore theprice of treated wastewatestarting
from its current level 0f0.23 Euro/m3to 0.08 Euro/ma3.

lfazx Ay O2YO0AYlF A2y & A béow) &pSblickibSidy (o yhe farthed & cosied
the cost of the innovative célrated nozzle is also simulated.

The technology scenario

In this scenario, given the availability of both fresh and treated water and their prices, 0.15 Euro/m3 a
0.23 Euro/m3, respectivelya new technology¢ the innovative calibrated nozzle adapted to the
irrigation with treated wastewater was proposed wit an annualized cost (including investment costs
for nozzle, pumps and pipes and O&M costs such as cleaning solvent and electricity) estimated in
Euro/ha. The effect of the new technology appears in the efficiency of the irrigation system: &
applicaton efficiency of 0.95% is considered.

3.1.3. DST applied to Tunisia. Knowledge base: Statistical and fieldwork analysis

3.1.3.1. The case studyfdNabeul (Tunisia)

Nabeul is a coastal governorate in noghstern Tunisia surrounded by tivediterranean Sea
except the suth west side where it is delimited by the three governorates Zaghouan, Sousse and B
Arous (figure 23. The region of Nabeul covers an area of 2822 km?, which represent 1.8% of tf
country's surface. Nabeul is characterized by a samdi Mediterraneanclimate with mean annual
values of precipitation, temperature, and potential evapotranspiration of about 450 m#g aad 1300
mm, respectively.

The population of Nabeul governorate amounted 787,920 inhabitants in the year 2014 (IN.
2019). Population isnostly urban with a rate of urbanization of 67 % (INS, 2019). Agricultural area
dominate the entire region. With 3 % of the agricultural area of Tunisia, Cap Bon (Nadpralents
mMc: U2 O kofal agfituliukaRpyo@uation. Besides the importance of the region's production in
terms of quantity, Nabeul is known by several crop cultivations. In fact, the region accounts for 85%
the national citrus production, 63% of the national tomato prodonti97% of the national strawberry
production and 40% of the vine products. The governorate also accounts for 712 industrial enterpris
particularly in the transformation of agricultural products (tomato, vine ...) (Ministry of agriculture,
2018).
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Water scarcity is considered the main problem faced by farmers in Nabeul. Then, it is importal
to look for solutions for the adaptation of the Nabeul agricultural sector to cope with water scarcity an
to provide recommendations on how to reduce the effectsmaiter scarcity based on some scenarios
development.

li’ .

Bizerta
u

figure 24: localization of Nabeul governorate, Tunisia case study

3.1.3.2. Fieldwork analysiand creation of a knowledge base
The development of the model and simulation scenargobased on three fieldwork missions
carried out in the region of Nabeul during 202819(Figure25).

P 1st fieldwork
- Technical paraffeters
S librated and
* | Prototype agro-economic Calibrated an
Model presented in the 6th
1 MAW meeting in Milan

- Refine technical

parameters (fertiizer | 2nd fieldwork |
use, water usé\,-lat_: or) J.
Upgraded Agro-economic
model
]
| 3rd fieldwork |

!

| VALIDATION OF THE MODEL IN SITU |

Figure25: Model development stepdased on the fieldworks

18t round: The first fieldwork took place in August®®@9", 2018. In total, 33 farmers from different
delegations (Somaa, Grombalia, Beni Khalle and others) were surveyed to collect specievérm
agro-economic information.

2"d round: In the second fieldwork (April, 227" 2019) 17 farms were surveyed drseveral key
institutions were enquired, such as the Ministry of Agriculture of Tunisia, the Regional Commissariat
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Agricultural Development (CRDA), and the Agricultural Development Groups (GDA). A more arn
database was obtained to upgrade the modeld simulate different water technologies and water
management instruments. The results of the fieldwork also enabled us to refine the structural analy:s
of the region and to identify three regidbmased representative farms: F1 (3ha, vegetables,), F2 (2ha
citrus), and F3 (1.5 ha, citrus+oliveSharacteristics of the representative farms are shown inTtakle

33 Sources bwater for irrigation havébeen considered. Sgifically, farm F1 and F2 use conventional
water sources (groundwater and surface water respectively) and F3 uses treated wastewats
Furthermore, they represent the average farms, with the most common crops present in the region
Nabeul. These are hocultural crops such as tomato, potato, pepper, and strawberry, and permanent
crops such as olive trees for oil and citrus

Table33: Representative farm types in the Tunisia case study

Caracteristics | Representative farms
F1 F2 F3
Farm size (ha) 3 2 15
Irrigated aea (%) | 100 100 100
Weight (%)/ Nabeul 0.46 0.37 0.17
Total aggregated | 21488 17490 7882
area (Nabeul) (ha)
Water use (rha)
- Winter 3700 2500 1000
- Summer 479 2000 1000
Water source Groundwater Surface water TWW
Water Price fm3) | 0.04 0.04 0.02
Irrigation technique| Drip Drip Drip
Crop distribution Pep.int (20%) Cit.int (50%) Oli.int (67%)
(%) Tom.int(25%) Cit.ext (50%) Cit.int (10%)
Pot.ext(25%) Cit.ext (23%)
Str.int (15%)
Str.ext (15%)

Source: Own elaboration based on fieldwork data and analysis

3 round: In the third fieldwork (3& September to 24 October 2019) 10 farmers were surveyed to
validate the agreeconomic model and obtain relevant information to build the simulation scenarios.

The surveys conducteare organized in different sectionsuch as sockeconomic, agriculture,
and pdicies6 8 S S | Y 7h& mainHopios that are covered in the survey are: survey data (date
delegation and others), farmer data (name, age, gender, education level and others), land property d:
(area, land tenure regime, land sale, land rent and otjemop data (crops, area, sowing date, harvest
date, risky crops and others), water data (water type, cost, applied quantity and others) and workfort
data (number, gender, wage and others).
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3.1.3.3. The model

The agreeconomic model applied for the case stuafyTunisia has been upgraded and some parameters
have been included such as the level of crop intensification and water period, so as to take into accot
several elements such as:

1- The socieeconomic effects of an increased amount of water obtained fiomproved treated
wastewater reuse.

2- Continuous water flow obtained from the wastewater reuse, as surveyed farmers reported the
the water supply is not permanent that affects the crop yield.

3- Reduction of irrigation losses resulting from the use of efficignigation technologies
(calibrated nozzles) designed for treated WW reuse and adapted to the local climatic and soc
economic conditions.

4- Implementation of different economic instruments such as water quotas and water pricing tc
incentive farmers forusing treated WW and for the adaption of innovative irrigation
G§SOKy2t23ASad ! OO2NRAY3I (2 GKS FASEtRG2N] &
accept treated water so it is necessary to implement incentive economic instrument.

3.1.3.4. Input data

1 Water data

Agricultural water management is mostly done by the Agricultural Development Groups (GD
Groupe de Développement Agricole). The GDAs are responsible for equipping the irrigation perimet
where they intervene with basic agricultural andalinfrastructures and for supervising the activities
of their memters. GDAs are also responsible for charging water use

In the region of Nabeul, there are three water typ&sirface water comes from the Medjer@zap Bon
canal and the dams of theegionandis considered the most used water type. The Medjerda Cap Bon
Canal plays a key role in the Nabeul agricultural sector. Most of the farms do not irrigate wit
groundwater due to high salinity that sometimes reaches up 8 g/l, except in some deledéetise
delegation of Somaa that is known for the good quality of groundwater, where water comes fror
communal wells (salinity lower than 0.7 g/l). Treated wastewater is more concentrated in the delegatic
of Nabeul (Bir Romena, Messadi, Souhil) and isenused in the irrigation of fodder, tobacco and
permanent crops such as olive and citrus. According to the fieldwork, the reuse of treated wastewat
in agriculture is not fully accepted by farmers in the region, who have a negative perception of treate
wastewater, because of its unsightly appearance (smell, color and other) and several farmers say t
gl aitSel G§GSNI NBRdzOS Sirneyed faiM@RsdiDtha® they hredading a severe water
scarcity, considering surface and groundwater togetterfact, farmers only cultivate part of the land

in some of the plots due to the water scarcity.

The water price includesolumeric tariff and fixed tariff that includes fixed tax per hectare and
subscription in order to constrain users to develop atign and to guarantee a minimum cost recovery
This price varies according to the type of water applied,average water price of a cubic meter, in the
irrigated public areas managed by the GDA, is @43 for freshwater and 0.02/m3 for treated
wastewater. According to the fieldwork, water prices are well accepted by farmers

TheFigure26 shows an example of official invoice for irrigated perimeter of Souhil, in which the tariff i
50 DT 17 euro)
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Figure26: official invoice

1 Land and crop data

Themain crops cultivated in the region are potato, tomato, pepper, strawberry and permanent
crops such as citrus and olivdost of the surveyed farmers lia an area that varies betweenahd 5
ha, and cultivate more than 2 crops in this ar€aaracteristis of crops can be seém Table34.

Table34: Characteristics of the main crops

Crops Yield (kg/ha) | Price(e/kg) Water Variable cost
requirement (euro/ha)
(m3/ha)
Strawberry 42000 0.6 5000 11900
Potato 22000 0.2 3600 3200
Tomato 69000 0.06 5100 3300
Pepper 15400 0.27 3500 2500
Citrus 17000 0.34 4600 2700
Olive 8000 0.56 1500 1800

3.1.3.5. Simulation scenarios
The baseline scenario
The baseline scenario represents the current situation of the case study, i.e. the starting point fc
scenario simulations. In this scenario, water availability varies according to the type of farm, type
water (freshwater, treated wastewater), perianf the year ¢ee annex3). The price of water is set at
0.04¢ m3for freshwater and 0.02 m?3for treated wastewater, according to official data and official
invoices (GDA and farmers). The irrigation system used in all farms (F1, F2 and F3) is drip wiigation
an irrigation efficiency equal 85% (DGA).

The water availability scenar{@WWreuse)

In this scenariowe are considering amcreasein water availabilityobtained from treated wastewater

reuse, particularly in summer to simulatecontinuouslbw of water throughout all the irrigation period.
Two simulations were defined: In the fismulation &nnex 31.1), all freshwater availability is replaced
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by treated wastewater in both periods (summer and winter); In the second simulaiomek 3:1.2),
farmers can mix the two types of water (freshwater and treated wastewater), which applies only to F
and F2 because F3 already uses treated wastewater. In both cases (1.1 and 1.2), the assigned am
of treated wastewater varies according to pericaisd farms typesseeannex 3. In this scenario, the
price of water is set at 0.02 m*for treated wastewater and 0.04 S for freshwater.

The technology scenar{drrigation management)

In this scenarioa new irrigation technologyc@librated nozleg is consideredassuming that irrigatio
efficiency is enhanced up to 95% and the cost of calibrated nozzles is the same as traditional noz:z
The rest of the parameters (water price, etc.) are the same as used in the baseline scenario.

The poicy scenario$Economic instruments for water management)

In this scenario, we consider that the price of freshwater is subsidemeuek 3:3.1) and equal to the
price of treated wastewater (0.02 mq),and that the price of treated wastewater is tanger subsidized
(annex 3:3.2)and equal to the price of freshwater (0.@4m?°). Also, different economic instruments
are included: Water pricingafinex 33.3), simulated as a gradual increase of C:0&?3in freshwater or
treated wastewater price forwenty price levels, to analyze the capacity to adapt of the different
representative farms; and Water quotaanfiex 3:3.4), simulated as a gradual decrease in freshwater
or treated wastewater availability, to examine the hypothetical application of a nrestrictive
environmental policy in the region.

3.2.  Water reuse and water & land management in agriculture under different scenarios:
results and discussions
3.2.1. Egypt case study

3.2.1.1. The baselindcalibration)scenario
The simulation results for the baseline scenaishowthe samecropping patternof the actual situation where the total area of 185 ha
is divided as followgFigure27: Cropping pattern in the baseline scenario, Egypt

):
Summer cropping pattern Winter cropping pattern
m alfa
H cotton
. m wheat
mrice
) sugarbeet
maize

H vegetables

Figure27: Cropping pattern in the baseline scenario, Egypt

The total and per hectare yearly ater demand(corresponding to the gross irrigation requirements)
predicted by the modein the three different portios of the canalaccording to the different cropping
pattern and the irrigation requirements of the cropsgetheras well ashe amount ofdrained_reused
water are given inTable35andTable36, respectivelylnthe WWT _2016model, the volume ofdrained
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Table35: Water demand, Bas@he scenario, Egypt Table36: Drained water, Baseline scenario, Egypt
Water used(mq) Drained Water (nd)

Total 4 226 196 Total 936 818

Per ha 22 851 Per ha 5063

Head ha 21717 Head ha 2406

Middle_ha 22529 Middle_ha 3859

Tail_ha 24 560 Tail_ha 9 460

The capacity of the system to satisfy the demand of water of the farmers under the current conditior
can be estimated by calculating tBg'stem performance indeggiven by the ratio between the amount
of water supplied and the gross irrigation requirementikat in the baseline is equal to

Table37: System performance index, Egypt

System performance index

Total 0.78
Head 0.89
Middle 0.83
Tail 0.61

Finally,¥ I NI S NX & aldoyeghidates by the model and it is equal to an average amufs481
Eurd haly.

3.2.1.2. The Technology scenario

2 A0K F ONRLILMAY3I LI GGSNY &AAYAEIFINI (G2 GKS oI 3
on the surface irrigated with the traditional furrow systetffects thetotal and per hectare yearly water
demand (Table38). By increasing the efficiency of the system, gated mipetributesto reduce the
gross irrigation requirements by 9,2%, 11,6% and 15,3 % for the head, middl¢askh section,

respectively.
Table38: Water demand, Technology scenario, Egypt

Water used (n¥)

Total 3720 227
Per ha 20 116
Head ha 19706
Middle_ha 19 908
Tail ha 20810

82



6 MAD WATER

Consequently, th&System performance indexi.e. the ratiobetween supply and demand of water
increaseqTable39) and induces farmers to reduce the amount dsined reusedwater re-pumped
into the systemgTable40).

Table39: System performance index, Technology scenario, Egypt

System performance index

Total 0.88
Head 0.98
Middle 0.73
Tail 0.61

Table40: Drainedtotal water, Technology scenario, Egypt

Drained Water (nd)

Total 430 850
Per ha 4892
Head_ha 5859
Middle_ha 6 095
Tail_ha 2641

The joint effects of energy cost saving due to the reddideained water repumpedand thecost of he
new technology determines\eryslight decrease ifi I NJY' S NX) fiomBABXERArdHa/year (baseline
scenarioo 3 368Euro/halyear in the new scenario.

3.2.1.3. TheWater Availabilityscenario

In combination with the efficiency gains achievedhe technology scenariothe reduction of
water supplied to farmers assumed in the Water Availability scenario, affects, of coursehboth t
System performance indeXTable41) and the amounof drainedreused waterre-pumped seeTable
42.

Table41: System performance index, Water Availability scenario, Egypt

System performance index

Total 0.80
Head 0.88
Middle 0.84
Tail 0.65
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Table42: Drained total water, Water Availability scenario, Egypt

Drained Water (nd)

Total 759 797
Per ha 4108
Head ha 2 326
Middle_ha 3105
Tail_ha 7220

In order to satisfy the irrigation requirement of the crops, farmers are obliged to push uantioeint

of reused drainage wateby also increasing the energy bill. Further, given the uniform reduction of the
water supply by 10% in the three sections of the mesqa, the effect on the amount of water deaed
increasinglyaccentuated from the upstrearno the downstream section givethe increasing efficiency
recovery

As results of the new conditionfgrmers' incomedecreases by about2% on averageompared to the
baselinedue to higher costs to sustain investments aperation &maintenance othe newtechnology
of gated pipesandto the failure to reduce the reise of drainage antherefore theenergycosts.

3.2.1.4. The Policy scenarios
DA@GSY (KS yS3alIGA@S STFSOha 2y FTENNSNEQ AyO
technology, government could totally or partially cover the addition cost for investment and/or for
O&M.

If the total cost of investment and O&M are coveréarmers' incomegeturn substantially to the levels
of the base scenariwhile all water related parametersgross water requirementélable43) System
performance irdex (Table44), anddrained_reused- take advantages from the trmduction of the
technologies.

Table43: Water demand, Policy scenario, Egyp

Water used(m?®)

Total 3720 227
Per ha 20 116
Head_ha 19 706
Middle_ha 19 908
Tail_ha 20 810
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Table44: System performance index, Policy scenario, Egypt

System performance index

Total 0.80
Head 0.88
Middle 0.84
Tail 0.65

Ly FTEOGSNYFGAGS LRt AOE GKIFIG O2dzZ R 6S AYLIX SYSy
on the energy price: given that the convenience of the new technology for the farmers substantial
depends on the comparison between the costimplementing and managing the technology, on the
one hand, and the energy cost saving, on the other hand, increasing the energy price can have a pos
impact on the adoption of the gated pipe technologies. In this case different levels of energhigrece
been changed in both in the baseline scenarios and in a policy scenario b), in order to identify the swit
point, i.e. the energy price that makes the gated pipe technologpesenient. The switch point is equal
to 3 times the current price for engy.

3.2.1.5. Discussion

Results of the simulated scenarios provide with some useful elements to draft water resourc
management strategies in the area.

Given the availability of a technology able to improve the traditional irrigation widely used ir
Egypt intoan innovative and more efficient system, the implementation of s@uenomic tools is
simulated in order to evaluate their effects in terms of reduction of drainage water and hence of wate
quality deterioration.

Obtained results demonstrate that the imluction of the gated pipe allows to achieve two
relevant positive impacts: i) to reduce the drained watesptenped into the system and, consequently,
reduce the quality deterioration dhe water available for irrigation practiceMMADFORWATER019b),
and ii) to improve the equity of the system measured as the difference among the ratio between th
water supply and the gross irrigation requirement of the cultivated crops in the different sections of th
mesqa.

However, the adoption of the gated pipedhnologycould be not accepted by the farmers since,
notwithstanding the energy cost saving due to the redlieenount ofdrained water repumped into
the systent T I NJY S NiEc@asas§ligHlyy e the investment and O&M costs of the gated pipe
technology(Figure28).

85



MAD WATER

Difference among cost energy saving and cost of gated pipe technology
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Figure28: Difference among cost energy saving and cost of gated pipe technology, Egypt

As shown in Figure8 only byfully covering the total cost of the investment and O&M, the
energy savings in terms of costs e&d the cost of the gated pip&ith a positive impact on farmers'
income and a consequent favorable attitude of farmers towards the adoption of innovation.

Obtained results also show that the mere introduction of gated pipe is not able to contribute tc
reduce theweight of the agricultural sector on the country's total water consumpifaie efficiency
JFAYya FNB y20 aidNI YyAFTSNNER¥AAYA2YOKSToH &SNSHE
water policy is crucial to determine the effects of the measures simulated. Our results indicate that or
the joint introduction of the innovation and of a new policy of water supply could achieve the olgjecti
to reduce the amount of water used by agriculture without affecting the level of satisfaction of the
farmers On the other sidethe combnedimplementationof the gated pipe ad of a new policy of water
supplypartially reduces the effects on the drada water.
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Supplied and Drained water
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Figure29: Supplied and drained water in the different scenarios and in the three sections along the mesqua, Egy

From the simulated scenarios, it also emerges that the costs to achieve these important resu
can be distributed differently between farmers and the community. However, a partial coverage of th
costs seems to be a condition for the adoption of the teabgy by farmers: with a coverage of 30% of
the only O&M costs it is possible to preserve the starting income levels and aigaificantresults in
terms of reductionin waterconsumption and total drainage.

Furthermore, it could be useful to evaluatieet possible effects on crop yields deriving from the
use of variable percentages of reused water.

To conclude it is important to stress that, since different and conflicting objectives can b
achieved, it is crucial to define the priorities among the défé objectives¢ reduction of water
demand, reduction of the reused drainage, economic performance of the farmers and their level
satisfactiong in order to design the most effectiwgater policies in tls area.

3.2.2. Morocco case study

3.2.2.1. The baselinécalibration) scenario

The smulationfor the baseline scenario shows a cropping pattern similar to the actual situatior
to a level of 9& % indicatingthat the modelis well calibrated. The chosen citrus varieties are
distributed as follows: Clementin@% of the total area, Navel 15%, 28% is occupied by Maroc late
while Nour is planted on 15% and Nadorcott on 4% of the total |&tldcrops are irrigated with
freshwater.

The total and thespecificwater quantitiesused in the baseline scenario are equal to 218 449 511 m3
and 6 764 m3/ha, respectivelyhile the total and specificfertilizers quantitiesare presented in the
following Table45.
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Table45: Fertilizers used, Morocan case study

Fertilizersusec?

Nitrogen (Kg) 18 930 949
Nitrogen (Kg/ha) 586.2
Phosphorus (kg) 2319 828
Phosphorus (kg/ha) 71.8

For the baseline scenarithe total cost ofwater and the average cost per hectagmount to 32 76
427Euro and 1 04 Euro/ha, respectivelyTable46).

/| 2y aARSNAY 3 | ff O2ada FyR o0SySTAlai (G KIS NMIINE
the average incomeer unit of area is obtained by dividing the tbtacome by the cultivated land and
are given infable47.

Table46: Water cost,Moroccan case study

Water Cost (Euro)
Total 32767 427
Per ha 104

Table4d7:CF NY¥SNEQ AyO02YSs az2NROO?2

FarmeNJn€ome (Euroly)
Total 274 04 580
Per ha 8 485

3.2.2.2. The Water Availability Scenario

Giventhe several assumptions that define this scendti@ current prices of wastewater0.23
Euro/m3-and fresh water 0.15 Euro/m3,, the efficiency for the system equal to 0.85 for wastewater
and 0.95 for freshwaterand the reductions in yield obtainableyhirrigating with TWVY, the results
have shown that TWW reuse does not appear in the optimal solution as an irrigation water source.

C I NJY S NEn&ximidefthe é@xpected income choose to continue to use the conventional
resources notwithstanding the availability of an additionalter source for irrigation.

The cultivated land is totally irrigated with fresh water and, consequentgathount of water
used the total and average water coststhe total and average fertilizersamounts and thef | Y S NEB
incomeremain the same compared to the baseline scenario.

3 Nitrogen is supplied to the plant in the form of Ammonitrate, which contains 33 % of N. Phosphorus is supplied
the form of MonoAmmonium Phosphate (MAP), containing 62 %@f P
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3.2.2.3. ThePolicy scenarios

Given the norappearance of TWW as a source for irrigatiothe availability scenario, a water
price policy scenario is simulated by decreasing the price that farmers have to pay to use-the
conventional resourcdt is to be noted that different simulations have been carried out with gradually
decreasing theost of TWW from its actual leve0.23 Euro/m3-to 0.1 Euro/m3 the value that leads
to the switch to TWWIndeed, as shown in Fig. 28yiners decide to substitute freshwater with TWW
when the price that they have to pay is equal or lowleart 0.1 Euro/m3 Below this threshold, about
40% of the total irrigated area result®t be irrigated withTWW, according to the model

Land irrigated with TWW, % of the total irrigated land

o
V)
a

o
(N

0.15

|
J

0.05

Price of treated WW, Euro/m3

o

%

Figure30: Land allocation for water source, Morocco

Assumedhe lower efficiency level thahe system reaches when TWgWsed, in order to satisfy
the net irrigation requirements of each variety, the average amount of TWW used is higher than tt
average amount of fresh wateFor this reason, the varietigat switched to TWW Clementine; isthat
characterized byhe lowest water requiremenas well aghe highestconsumption of fertilisersso that
the switchto TWW can be offset by savings in fertilizers.

Sincethe land allocation accordintp the water source has changethe annual amourn of
water usedfor each source will also change as showmmable48. The total freshwater required by the
citrus sectordecreasedy 64% compared to the currefgvel.

Table48: Water used, Policy scenario, Morocco

Water used (m3)

Freshwater (Total) 140 507 230
Freshwater (per ha) 7 193
TWW (Tota) 86 850 330
TWW (perha) 6 807
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With a water price equal to 0.1 Euro for one cubic meter of TWA# total and average watercosts
areequal to 29 761 118uros an®21 Euros/ha, with a 10% reductioncomparison withthe baseline
situation.

As for fertilizer consumption by comparingthe average amount of fertilizer useid the baseline
scenariowith the average amount usedhen part of thecropsareirrigated with TWWresults show
that TWW allows the saving of important amounts of fertilizegsialto 38.8%and 37.5% for nitrogen
and phosphorus, respectivelyyhich determinesan additional economic saving for the farmer and a
contribution to the environment.The combined effectsroyields, oncost of water andon cost for
fertilizers translates intoa not significant variation dbtal and average income per hectarequal to
274 662 27%&uro and 8 85 Euro/ha, respectively.

3.2.2.4. The Technology scenario

In this scenario, the new micigprinkler technology developed in the framework of
MADFORWATER has been introduced into the matéd.technology is assumed to retrieve the loss of
application efficiency, due to its compatibility with leyuality water sources. Therefore, the application
efficiency of the irrigation system is increased to 95%, coupled with an additional annualste€fdrco
the implementation of this technology (350 Euro/ha).

Results show that TWW does not appear as an adequate source for irrigation in this scenal
The total land is irrigated with freshwater, identical to the baseline scenario. Simileelyotal and
average amounts of water usedand thefertilizers amountsare the same as in the baseline scenario.
The annuahverage cost of wateas well as th& I NI S NX) éemainyal€o2hé Same compared to the
baseline scenario.

An additional simulation was a&d out, assuming that the full cost of the technology is covered by a
subsidy granted to farmersAlso, in this case, the farmers d&le not to use the TWW since,
Y20gAGKalGlFyRAY3I GKS Fdzf t NBEO2JSNE 2 ot conpénsated T
by the cost saving dértilizers

3.2.2.5. Discussion

Results of the simulated scenarios provide some useful elements to draft water resource
management strategies in the area.

CINYSNBEQ RSOA&AAZ2Y | 06 2dzi theKaferpdza Solicg SEenaridsz wheny' t
the price of TWW is subject to a certain level of subsidies. Compared with the baseline se¥Rarud,
the total land switches to TWW as a source for irrigation. On the contratiye water availability and
technology scenaos, the cultivatedland istotally irrigated with fresh water. We can also deduce that
the switch from fresh water to TWW happens to varieties with the least annual water requirements
which is due to the difference between fresh water and TWW in termapgfiication efficiency.
Therefore, the least water demanding crops will be less affected by this loss.

The substitution of fresh water with TWW allows the conservation of an average amo#af éf
m3 of fresh water per hectare. This important amount hageat socieeconomic value, since it can be
used for other crucial activities, such as drinking water.

The simulations carried out also revélaat the reuse of TWW helps to save important amounts
of fertilizing elementsThisresults in lower productiomosts for the farmerthus confirming impressive
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results on cereals, forage and vegetable already documented in the literature (Hamdy and-Bhalukr
2003).

As for he average annual water cosig, the water availabilityand technologyscenariost is
identical to the baseline soariosince the total land isrigated with fresh waterin the policy scenarip
where the price of TWW (0.Euro/m3) is lower tharthat of freshwater, the annual water cost has
decreased compared to the baseline scenafitese resultsndicate that subsidiethrough the water
pricing policyare needed to cover the difference in water consumption due to the loss of applicatior
efficiencyr YR (02 GKS yS3l §idlddS SFFSOGa 2y ONRLAQ
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The comparison between the amount of subsidies per unit area and of average income per ul
area shows that, in order to achieve a gain 002dzNR2 k K| Ay (i K S50 FEuroMNoSpidicQ 7
subsidies are needed his analysidemonstrates that subsidizing the price of TWW to a level where its
cost is lower tlan fresh water is not justified from a pure economic point of vielewever, a more
holistic evaluation should also take into aoobthe economic value of the environmental benefits that

TWW reuse can generate.

In the case of theechnologyscenario, the micreprinkler technology adapted to leguality
water was introduced and simulations were carried out assuming thatadditional cost for the
implementation of this technology is subsidized, keeping the cost of TWW at its actual level. As sho
in the results of thelfechnologyscenario, TWW is not suggested as an optimal solution for irrigation,
even when the technology costtistally subsidized. This signifies that the gain in efficiency allowed by
the technology does not help to account fitve differencein water cost.

Combining the obtained results, it can be concluded the TWW reuse promotion require to
overcome the lak of social acceptance due to inadequate information on benefits (Massoud et al.
2019), incomplete economic analysis of TWW reuse options, misalignment between water prices a
water scarcity and lack @conomicincentives for reuse (Frascari et al., 28).

The results obtained show that th& | NJy &iiktane of saving fertilizer costs could be
significant, but farmers should be able assesshesepotential savings and to adopt optimal nutrient
management strategies. However, with the current price level for the two water sources (0.15 Euro/ir
and 0.23 Euro/m3 for fresh and TWW respectively), this positive effect is not sufficient toTiéke
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reusean attractive option thus confirming the low demand for treated waste water reported in the
literature (Jeuland, 2015).

The economics of reuse will not be favorable as londp@grice of conventionalwater remains
so far below theactualcost of waterif, asin this case study, users do not suffer acute shortafjevater
and have a choice between conventiomadter and TWW.

The increase in TWW supply must be associated with a good water resource design policy t
fills the widespread lack of effectiyice signals (El Yacoubi and Belghiti, 2002) and restrigctinee
reuse funding.

In fact, with subsidies equal to XB Euro/m3 for the TWW used by farmersequal to the
difference between the actual cost and the price paid by farmegabout 406 of thecultivated land is
irrigated with TWW an@414m3/ha of fresh water are saved.

It was also found that decreasesvimstewatertreatment coss ¢ which will vary depending on
the extent to which wastewater processing is develogexbuld contribute to itgeuse. In addition, the
evaluation of saved fresh water could help to raise public awareness on the effectiveness a
opportunities for reuse, emphasizing the "social benefit" generated by this reuse.

It is also to be mentioned that conditions and assuroipsi on the basis of whidhe aboveresults
have been obtained could change in the future: increasing water scarcitydfagricultural sector could
eliminate the choice between the sources that is still preserved in the Moroccan irrigation ,saudor
the total or partial substitution of fresh water with different sources of aorform quality irrigation
water will become one of the main future research lines to be explgRata et al, 2018)

3.2.3. Tunisia case study

In this section, we are presenting thesults of the Tunisia case study at two different levels of
aggregationat the level of the farnandat basin levelFarm level results have beehtained by applying
the DST model (see section 3.1sBgcified for each of théhree selected representative farnad are
largely based on theextended fieldwork that has been conducted in the area of study along three
different periods(see section 3.1.3.2Jhese resultgapture the way the farmers develop theropping
and inputusestrategies when thewre confronted to different types of technologies as well as so€io
economic scenariosThe aggregai@ results have been developed tag into account a detailed
structural analysis based on tlsirfaceweight that each type of fam has on the overalirea of the
basin. To conduct the aggregation, the analysis has also been based on the fieldwork carried out at
level ofthe 18irrigation districs (GDA) that cover 95% of total irrigated area in the bagiach of which
includesdifferent types of farms and differemumber of farmsranging froma minimum of86 farms
(GDA Somaa) @ maximum o#56 farms (GDKorba).The results at basin level illustrate the impact of
the same type of simulated scenarios in the whole -Bap bagi. Both levels of aggregation have
proven to be of great importancr analyzingany type of policy intervention based on the application
of wastewater management technologies and water reuse and land management technologies as w
as economic instrumestThe following sections are organized accordmthe simulated scenarios.
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3.2.3.1. The baselinécalibration)scenario
Cropping patterns of the baseline scenario simulation and the comparison with eac
representativefarm can be seen below Figure 32. These results are those of the calibrated model.

Cropping pattern
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Representative Modeled farm Representative Modeled farm Representative Modeled farm
farm farm farm

F1 F2 F3
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m strawberry int m strawberry ext m citrus tree int m citrus tree ext molive tree int  molive tree ext

Figure 32: Calibration results

Regarding farm F1, the level of corresgence between representative farm and modekadm is 98%
for tomato intensive (0.750a inF1 representative farm, and 0.735 ha in F1 modeled farnt), 8¢
potato extensive (0.750a inF1 representative farm, and 0.705 ha in F1 modeled farn®} #8pepper
intensive (0.60tha inF1 representative farm, and 0.52& n F1 modeled farm), 83 for strawberry
intensive (0.45Ma inF1 representative farm and 0.39%2 in F1 modeled farngnd 89% for strawberry
extensive (0.450 ha F1 representative farmnal 0400 ha in F1 modeled farm)Regarding farms F2
and F3, the level of correspondence between representative $aand modeled farms is 100%

In the baseline scenario, the farm F1 (vegetables) present&thed K Sa i Ay O02YS @I f
resultedfrom the cultivation of productive and profitable crops such as strawberry and tonTdte.
amount of irrigation water per hectare applied for F1 is 4h7%ha, which results in a high economic
productivity of irrigation water of about 1.0d/m?3. All the awilable water for farm F1 is consumed,
which results in a water marginal value equal to Q12%3. Regarding F2, the farm income value is equal
to 2808¢ k fard the water consumption per hectare is equal to 450%ha, which results in a low
irrigation waer productivity (0.621/m?3). Water marginal value is equal to 0.28n3, it reflects that
famers used all the available water. Regarding F3, the farm income value is equal © R7&Ad the
water consumption per hectare is equal to 200&ha that results an irrigation water productivity equal
to 1.360/m3. F3 presents the highest water marginal value with Gi4i3, reflects that F3 is facing the
highest water scaity, comparing with F1 and FZhese results are in line with the current sition
observed during the fieldworks.
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With respect to the aggregated level, the results for the baseline scenario are following: the income
equal to 3443.92 e R dad the water consumption is equal to 3595.87 m3/ha of freshwater and 336.42
m3/ha of treated wastewater. The crop distribution is presented in the followadge 49that shows
relevant indicatorsat farm level as well as aggregated lewethe baseline scenario.

Table49: Indicators for the baseline results

Indicators Farm types
F1 2 F3 Aggregate results
CENXY AyO2YS 4226 2808 2723 3443.92
Water availability 4179(FW) 4500(FW) 2000(TWW) 3595.87 (FW)
(m®/ha) 336.42 (TWW)
Water consumption 4179(FW) 4500(FW) 2000(TWW) 3595.87 (FW)
(m®/ha) 336.42(TWW)
Water Price ¢/m?3) 0.04(FW) 0.04(FW) 0.02(TWW) 0.04 (FW)
0.02 (TWW)
Water marginal value 0.27 0.28 0.47 0.23 (FW)
(e/m?3) 0.08 (TWW)
Irrigation efficiency 0.85 0.85 0.85 0.85

Crop distribution (%) Pep.int (17.50%) Cit.int (43%) Oli.int (67%) Pep.int (8.02%)
Tom.int (24.40%) Cit.ext (43%) Cit.int (10%) Tom.int (11,19%)
Pot.ext(26.70%) Fallow(14%) Cit.ext (23%) Pot.int (0%)

Str.int (13.03%) Fallow (0%) Pot.ext (12.24%)
Stra.ext (13.30%) Str.int (5.97%)
Fallow (5.07%) Str.ext (6.10%)

Cit.int L7.73%)
Cit.ext (19.92%)
Oli.int (11.27%)
Fallow (7.70%)

The baseline scenario will be compared with different scenarios, characterized by different inputs
terms of water resources availability, irrigation technologies and water policies.

3.2.3.2. The water availability scenario (TWW use)

1 Increase in water availability considering water supply from WW reuse

Assuming that all freshwater availability is replaced by treated wastewater throughout all the
irrigation period(table 50) results showan @NKS I 8 Ay 3 08 OHDPH:?Z MM®PH y?
F2NIJCMI CH YR Co NBaLISOGAGSted ¢KAA AYONBL a8
by obtaining more water, farmers prefey cultivate profitablecrops. Regarding farm Rhg strawberry
area increased from 26.33% in the baseline scenario to 40.16% in the water availability scenatrio,
strawberry is a profitable crop. In the other side, potato area reduced from 26.70% in the baselir
scenario to 11.26% in the water availalyilgcenario. Regarding F1 and F2 (permanent crégushers
are moving towards extensive agriculture, in comparison to the baseline scenario.
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With respect to the aggregated level, the farm income increases by 23r6cdmparison with the
baseline scenario. The treated wastewater consumption increased to quantity of 4932.28 m3/ha.

Table50: Results foithe increase in water availabilitgcenarioconsidering water supply from WW reuse

Indicators Farm types Aggregate
F1 F2 F3 results

Farm income 5588 3125 3140 4256.92
0e KKIF U
Water availability 5179 (TWW) 5500(TWW) 3000(TWW) 0 (FW)
(m®/ha) 4932.28 (TWW)
Water 5179 5500 3000 0 (FW)
consumption 4932.28 (TWW)
(m3ha)
Water Price(U/m?3) 0.02 0.02 0.02 0.02
Water marginal 0.35 0.15 0.35 0.22
value (1i/m?3)
Irrigation efficiency 0.85 0.85 0.85 0.85
Crop distribution Pep.int (26.98%) Cit.int(68.36%) Oli.int (67%) Pep.int
(%) Tom.Ixt (11.65%) Cit.ext (31.63%) Cit.int (26.89%) (12.3®%0)

Pot.int (11.26%)
Str.int (13.80%)
Str.ext (26.86%)
Fallow (9.45%)

Fallow (0%)

Cit.ext (6.10%)
Fallow 0%)

Tom.int §.34%)
Pot.int 6.16%)
Pot.ext (0%)
Str.int (6.33%)
Str.ext (12.32%
Cit.int (30.04%)
Cit.ext (12.83%
Oli.int (11.27%)
Fallow ¢.34%)

1 Mix the two types of water TWW + FW

In this scenario) &

200 AyAy3

' y20KSNJ g+ G§GSNJ &a2dzNDS

0 ¢ NB

by 55.4% and 13.7% for F1 and F2 respectively, in comparison with the baseline scenario. Regardin
the cropdistribution, farmers cultivate more productive and profitable crops such as strawberry and
tomato (farm F1) and intensive crops such as intensive citrus (farm F2).

At the aggregated level, the farm income increased by 35% compared with the baselinecsdena
addition, the water consumption increased in term of treated wastewater. In this case, farmers
cultivate morestrawberry and citrus.

This scenarigs the most realistic scenario, so the next scenarios results will be compared with th
scenario(only for F1 and F2. The results of F3 will be compared with the baseline scenario, since F
already use treated wastewater)
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6 MAD

WATER

Indicators Farm types
F1 F2 F3 Aggregate results
Farm income 6565 3192 2723 4659.79
0e KKIF U
Water 4179 (FW) 4500 (FW) 2000 (TWW) 3595.87(FW)
availability 1000(TWW) 1000 (TWW) 1168.21 (TWW)
(m3ha)
Water 3964 (FW) 4500 (FW) 2000 (TWW) 3595.87 (FW)
consumption 1000(TWW) 1000 (TWW) 1168.21 (TWW)
(m3ha)
Water Price 0.04 (FW) 0.04 (FW) 0.02 (TWW) 0.04 (FW)
(G/m3) 0.02 (TWW) 0.02 (TWW) 0.02 (TWW)
Water marginal 0 (FW) 0.22 (FW) 0.47 0.06 (FW)
value (1i/m?3) 0.63 (TWW) 0.25 (TWW) 0.19 (TWW)
Irrigation 0.85 0.85 0.85 0.85
efficiency
Crop distribution Pep.int (13.17% Cit.int Oli.int (67%) Pep.int 6.04%)
(%) Tom.int (62.16%) Cit.int (10%) Tom.int (4.19%)
(30.94%) Cit.ext Cit.ext (23%) Pot.int (%)
Pot.ext (8.96%) (37.84%) Fallow (0%) Pot.ext (4.11%)

Str.int (19.74%)
Str.ext (27.17%)
Fallow (0%)

Fallow (0%)

Str.int (9.05%)
Str.ext (2.46%)
Cit.int 24.83%0)
Cit.ext 7.990)
Oli.int (11.27%)
Fallow 0%)

*E3: same esults as the baseline scenario.

3.2.3.3.

The technology scenarios (Irrigatioranagement)

1 Irrigation efficiency considering innovative technologies: Calibrated nozzles

In combination with thericrease in water availability considering water supply from WW reuske

mixing the two water types (freshwater and treated wastewategsuming that irrigation efficiency is
enhanced up to 95% and the cost of calibrated nozzles is the same as traditional n®zzlé&ly S N
income increased by.7%, 2.3% and 19.7% for F1, F2 and F3 respect®welijtable crop area
(strawberry and tomatoincreased and farmers are moving towards intensive agriculture

The three farm typesre not satisfied with the amount of water auable to fulfill the cropwater
requirements it is explained by the water marginal value greater than zero.

With respectto the aggregated level, the farm income increased by 6.22% and the wastewate
consumption increased from 1168.21 m3/ha to 1336.42 m3/ha and the freshwater consumptio
remained the same as the reference scenario. Table 52 shows the results for the tggheoénario
both at farm level and at aggregated level.
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Table52: Results foithe technology scenario

Indicators Farm types
F1 F2 F3 Aggregate results
CINY AyO2YS 6940 3267 3259 4949.90
Water availability 4179 (FW) 4500 (FW) 3000 (TWW) 3595.87 (FW)
(m®/ha) 1000 (TWW) 1000 (TWW) 1336.42 (TWW)
Water consumption 3495 (FW) 4500 (FW) 3000 (TWW) 3595.87 (FW)
(m®/ha) 1000 (TWW) 1000 (TWW) 1336.42 (TWW)
Water Price (/m?3) 0.04 (FW) 0.04 (FW) 0.02(TWW) 0.04 (FW)
0.02 (TWW) 0.02 (TWW) 0.02 (TWW)
Water marginal value 0 (FW) 0.023 (FW) 0.35 0.06 (FW)
(G/m3) 0.67 (TWW) 0.10 (TWW) 0.16 (TWW)
Irrigation efficiency 0.95 0.95 0.95 0.95
Crop distribution (%) Pep.int (11.17%) Cit.int Oli.int (67%) Pep.int 5.120)
Tom.int (70.72%) Cit.int (31.44%) Tom.int 4.52%)
(31.67%) Cit.ext Cit.ext (1.59%) Pot.int 0%)

Pot.ext (7.10%) (29.27%)
Str.int (21.04%) Fallow (0%)

Str.ext (29.01%)

Fallow (0%)

Fallow (0%)

Pot.ext 3.26%)
Str.int ©.63%)
Str.ext (3.30%)
Cit.int 31.68%)
Cit.ext (1.19%)
Oli.int 11.27P%)
Fallow 0%)

3.2.3.4.

The policy scenario (Economic instrument for water management)

1 SubsidizingreshWater (FW)not applicable for F3)

Assuming that the price of freshwater is subsidized and is equal to the price of treated wastewater (0.
GKS FIFENXYSNEQ AyO2YS |

U m3o =

a oSt f

I a

G§KS ONZRLJ

scenario(1.2)both at farm level and aggregatéelvel As a result, this scenario is not important.

Table53: Results for subsidizing fresh water

Indicators Farm types A |
F1 F2 F3 ggregate results
CINY AyO2 6639 3193 2723 4694.09
Water availability 4179 (FW) 4500 (FW) 2000 (TWW)  3595.87 (FW)
(m%/ha) 1000(TWW) 1000 (TWW) 1168.21 (TWW)
Water consumption 3996 (FW) 4500 (FW) 2000 (TWW)  3595.87 (FW)
(m¥/ha) 1000 (TWW) 1000 (TWW) 1168.21 (TWW)
Water Price ¢(/m?3)  0.02 (FW) 0.02 (FW) 0.02(TWW) 0.02 (FW)
0.02 (TWW) 0.02 (TWW) 0.02 (TWW)
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Water marginal 0 (FwW) 0.22 (FW) 0.47 0.06 (FW)

value (1/m3) 0.62 (TWW) 0.25 (TWW) 0.16 (TWW)

Irrigation efficiency 0.85 0.85 0.85 0.85

Crop distribution Pep.int (13.81% Cit.int (62.17%) Oli.int (67%) Pep.int 6.33%)

(%) Tom.int Cit.ext (37.83%) Cit.int (10%) Tom.int (4.23%)
(31.07%) Fallow (0%) Cit.ext (23%) Pot.int 0%)
Pot.ext (8.31%) Fallow (0%) Pot.ext (4.81%)
Str.int(19.70%) Str.int (9.03%)
Str.ext (27.09%) Str.ext (12.42%)
Fallow (0%) Cit.int (24.88%)

Cit.ext (17.99%)
Oli.int (11.27%)
Fallow 0%)

*F3: same results as the baseline
1 TreatedWasteWater (TWW)is not subsidized (same Price as FW)

Considering that the price of treated wastewater is no longer subsidized and is equal to the price
freshwaer (0.040 13, F I NYSNEQ Ay O2YS NBRAzZOSR 6& MP@E:I od

At the aggregated level, farm income reduces by 2.3%. Table 54 depicts the results for the scenario
treated wastewater is not subsidized at farm level and at basin level.

With the objectiveof promoting incentives to accept treated wastewater, inscessary to applicate
subsidies for this water type, as surveyed farmers are reluctant to accept treated water.

Table54: Results for the scenario that TWW is not subsidized

Indicators Farm types
F1 F2 F3 Aggregate results
CFNXY AyO2Y 5484 3015 3080 4158.09
Water availability 5179 (TWW) 5500 (TWW) 3000 (TWW) 4932.28 (TWW)
(m3ha)

Water consumption 5179 (TWW) 5500 (TWW) 3000 (TWW)  4932.28 (TWW)
(m3ha)
Water Price ¢/m3) 0.04 (TWW)  0.04 (TWW)  0.04 (TWW)  0.04 (TWW)

Water marginal value 0.33 (TWW) 0.13 (TWW) 0.32 (TWW) 0.21 (TWW)
(4/m3)

Irrigation efficiency 0.85 0.85 0.85 0.85

Crop distribution (%) Pep.int (26.98% Cit.int Oli.int (67%)  Pep.int (2.3R0)
Tom.int(11.65% (68.36%) Cit.int Tom.int 6.34%)
Pot.int (11.26%) Cit.ext (26.89%) Pot.int 6.16%)
Str.int (13.80%) (31.63%) Cit.ext (6.10%) Pot.ext (0%)
Str.ext (26.86%) Fallow (0%) Fallow (0%) Str.int (6.33%)
Fallow (9.45%) Str.ext (12.32%)

Cit.int (30.04%)
Cit.ext (12.83%)
Oli.int (11.27%)
Fallow 4.34%)
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1 Water quotas

By simulating different levels of water availabil@f axig in freshwater (F1 and F2) ariceated
wastewater(F3)for the different farm typesthe capacity that farms have to adapt to different levels of
water scarcity can be analyzed by looking at the water shadow pi@ess) The water shadow price

is the water marginal valugrhich represent the maximum price that a farmer would be wiltimgay

for one extra cubic meter of water (Wang et, 40996). It has been utilized extensively for evaluating the
impact of water policies in water scarcity situations and discussed amply in the literature (Johansson
al., 2002, Turner et 312004, Hanemann 2006VarelaOrtega et al. 2011 The value of water fothe
farmersis not constant and it tend® increase as less water is supplied to thdmresponse, farmers
adjustto changing water availabilityy varyingtheir cropping patters anéarmingtechnologiesFigure

33 depicts the shadow prices of water for different levels of water availability obtained in the mode
simulations for the different farm types (FE2 and F3Results indicate that farm types have distinctive
adaptive response to water availabiliths we can see in the following figure, farm F2 and F3 (with
permanent cropsannot change their cropping patters when less water is available anéftrer
farmers arewillingéi 2 LJ- & fSaa&a F2NJ Iy SEGNI dzy Al 2¢F Yool GA
Col0 GAUK NBALISOG (2 GKS K2NIAOdz (dzNB I yydzl f
change its annual cropping pattern by grogitess water demanding crops but, largely, this type of
horticulture farms are very water demanding and therefore its adaptive capacity to water stres
conditions results in a willingness to pay larger sums for extra units of water. In sum, in spitagf bei
less flexible to changing crops annually, the citrus alink farmsF2 and F3espectivelyare more
adapted to water stress conditions théme vegetabldarm F1Looking at the curvéintersections with

the X-axis it can be observed thkl cansatisfy its water requirements with 4800 m3/ha without willing
to pay for extra units of water, equivalently F2 can operate with 5900 m3Zmenparing with F1 and
F2,F3 requires less water volume (3400 m3/ha) to meet its crop water needs. This is cepldinesl

by the fact that F3 cultivates olive trees that can be satisfied with less water volume. In contrast, F1 a
F2 cultivate, respectively, vegetables (such as tomato and strawberry) and citrus that require a lat
water volume.
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Figure33: Water shadow prices in different farm types for different levels of water availability

1 Water pricing

By simulatingdifferent levels ofwater price (Yaxi9 for the different farm types, we caanalyze the
capacity toadapt of the different representative farma terms of water consumption (&xig. Figure

34 depicts the results of the application of different levels of water @ioethe different fam types.
Results indicate that the watefemandresponsego water prices are different across farm types due
their different structural and technical characteristidarm size and crop distributionfrarm F1 shows

a low water demanalasticity between water prices ranginglii 6 SSy n®up | YR n®n
explained by the fact thain F1 (annual horticulture crop&rmers can change their crop distribution
from intensive to extensiveropsand by growing other types afropsthat require less waterOn the
other hand,the permanent fruittree farmsF2 and F3 have a highemater demand elasticity and
respond to increasing water prices by reducing their water consumption in the farms
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Figure34: Water demand curves under uniform volumetric water prices
3.2.3.5. Discussion

In this section, the results of the sceras simulation at farntevel are aggregated at basin scabag
Bon basin). Relevant indicators such as farm income, crop distribution and weatsuimption will be
compared across different scenaridagure35 shows the basin scale results on farm income under
different scenarios. Results show that farm incohees increased in all scenarios compared to the
baseline scenario, explained by the fact that, with an additianantity of water, farmers cultivate
more profitable crops as we can see in figure 8%t shows thatfarmers cultivate morestrawberry,
citrus and tomato in comparison with the baseline scenario. These results are in lindevftaldwork
results.

Scenario 2.1 that combines the water availability scenario and the technology scenario is suggestec
the optimal scenario with m incomegan ofmpnc €k KIF Ay O2YLI NRA&A2Y
Comparing scenario 3.2 (TWW is not subsidizes) with scenario 1.1, farm income dedréasedod €

Based on thse scenario simulatiorresults it can be underlined thathe implementation of the
MADFORWATER technologies has a positive effect on farm income.
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Figure35: Aggregated results on farm income under different scenarios

Note:

1.1: The water availability scenario (TWW use): Increase in water availabiiyleong water supply from WW reuse

1.2: The water availability scenario (TWW use): Mix the two types of water TWW + FW

2.1: The technology scenario (Irrigation management): Irrigation efficiency considering innovative technologies (Catibzégsjl n
3.1: The policy scenario (Economic instruments for water management): Subsidizing FW

3.2: The policy scenario (Economic instruments for water management): TWW is not subsidized (same Price as FW)

Figure36 depicts the basirscale result®f the T NY¥ SNBE Q ONRBLIJAY I &0NIF GS3
Aggregated results at basstale showather similar resultsas comparedto the farmbased results
across scenariodn comparison with the baseline scenario, we can aaeincrease irin the area
dedicated to moreprofitable crops (Strawberry, tomato and citrusand, in turn,a decrease ithe area
cultivated withless profiable cros such as potato. This increase in profitable @opn be explained
by several factorsThe most important factor ihe additional amount of water that permib cultivate
the more waterdemandingprofitable crops.In fact, the CapBon region iknown for being a large
producerof profitable crops such astrus, strawberry and tomatdhat represent the highest proportion
in the region in terms of area anptoduction.In particularCapBon is considered an important producer
of citrusaccountingfor 85% ofthe overallnational production in 2016 (CRDA, 2016)addition,the
CapBon regionconcentratal 63% of the national production of tomato in 2016, due to the growth
the number ofindustrial enterprises for the transformation of agricultig@roducts such as tomato
According to the results of the scenarios simulaticersd in line with the fieldwork resulisthe
implementation of MADFORWATER technologisswell as economic instrumernitslikely to promote
the increase in the area of thegeoductive and profitablerops
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Figure36: Aggregated results on farmers' cropping strategies under different scenarios

Note:

1.1: The water availability scenario (TWW use): Increase in water availability consideringupgtgrfrom WW reuse

1.2: The water availability scenario (TWW use): Mix the two types of water TWW + FW

2.1: The technology scenario (Irrigation management): Irrigation efficiency considering innovative technologies (Catibzégsyl n
3.1: The policgcenario (Economic instruments for water management): Subsidizing FW

3.2: The policy scenario (Economic instruments for water management): TWW is not subsidized (same Price as FW)

Figure37shows the aggregated results on water consumption under different scen&iegarding
treated wastewater,results indicate that crops consume all the available water andadditional
volumein comparison with the baseliné¢dowevert mustbe takeninto accountthat according to the
fieldwork interviews farmers are reluctant to accept this type of water and therefore the degree
acceptabilityfor the adoption of this type of technologies will need to be furtbensideredIn fact, the
reluctang to acceptreusedwastewaterfor agricultural productiorwas identifiedduring the fieldwork
seriesas one of the main barrieror using TWW mainly due tibs appearance (color and smell).
Accordinglyit will benecessaryo develop adhocincentivesto promote the acceptance and adaptation

of wastewater reuse in agriculture.
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Figure37: Aggregated results on water consumption under different scenarios

Note:

1.1: The water availability scenario (TWW use):dase in water availability considering water supply from WW reuse

1.2: The water availability scenario (TWW use): Mix the two types of water TWW + FW

2.1: The technology scenario (Irrigation management): Irrigation efficiency considering innovative egim{Calibrated nozzles).
3.1: The policy scenario (Economic instruments for water management): Subsidizing FW

3.2: The policy scenario (Economic instruments for water management): TWW is not subsidized (same Price as FW)

4. Concluding remarks

a) Wastewater management strategies

1 For allthe case studies, adapted treatment trains that could treat wastewater to the desired
quality at reasonable costs were identified and are presented in this deliverable. The results she
that technological optionsire available for water reuse but the concept is not widely implemented
in Egypt, Morocco and Tunisia. The results depicted in this deliverable yd&atifbarriers and
drivers for the implementation of water reclamation for irrigation. In particular, ttwntries
considered show different characteristics regarding efficient water management, water pricing
subsidies and wastewater tariffs, implementation of monitoring and reporting systems or lege
aspects related to the use of reclaimed water for foedpcirrigation. However, further exploration

of case studies on high potential water reuse and financially affordable wastewater reclamation
required.

1 Based on those case studies, w&ablished exemplary basstale and national wastewater
managementstrategies including economic instruments for Egypt, Morocco and Tunisia. We bui
the exemplary strategies upon the tapnking options from the DST and from tRADFORWATER
project pilot schemes. These options and corresponding technologies are compzimiey the
results of themulti-criteria decision analysis that identifies barriers, drivers and additional measure:
recommended to foster the implementation of sound solutions for water reuse in the region.

104



6 MAD WATER

1 The results of the analysis that identifieghears, drivers and additional measures recommended
to foster the implementation shows two different main additional measures that base on specifi
barriers: pricebased instruments and neeconomic instruments. These include increase
enforcement and capaty building in general and increase of number of treatment technology and
MADFORWATRERchnologies. The underlying barriers identified are: cheap available fresh water
lack of awareness and knowledge, legislation, and enforcement on wastewater reudartret
treatment facilities are required.

1 The assessment indicated a high potential for water reuse in Egypt, Morocco, and Tunisia.
particular, Tunisia resulted with high water reuse level, followed by Egypt and Morocco. It showe
that the policy cont&t and social acceptance is favourable to the implementation of water reuse
The main barriers hampering implementation of water reuse were economic, water managemelt
and environmental thematic subjects.

1 The distribution costs were not considered for theher options but it can be stated that a
judicious combination between the location of the wastewater source and theused location is
crucial. Ideally, the potential reusers should be situated at a lower elevation than the source and tt
distance shold be minimised. If reclaimed water has to be transported uphill after treatment for a
long distance, the costs outreach greatly the treatment costs.

b) Water management strategies in agriculture

The case study of Egypt:

1 The introduction of the gateg@ipe contributes toreduce the quality deterioration ahe water
available for irrigation practicesby reducingthe drained water reopumped into the system and
to improve the equity of the system

1 Specific incentives should be introduced in arde enhance he adoption of the proposed
innovativetechnology since, notwithstanding the energy cost saving due to the reduce amount ¢
drained water reLJdzY LJISR Ay G2 (KS & @dedréasésducrtthdiSshiderRand y (
O&M costs of the gated pipe technology.

1 The joint introduction of theechnologicainnovation and of a new policy of water supply could
achieve the objective to reduce the amount of water used by agriculture without affecting the leve
of satisfaction of farmers.

1 9nce different and conflicting objectives can be achieved, it is crucial to define the prioritie
among the different objectiveg reduction of water demand, reduction of the reused drainage,
economic performance of the farers and their level of satisfactianin order to design the most
effective policies of water in the area.

The case study oMorocco:

1 Theuse of TWW allows the conservation of relevant amosiof fresh water and helps to save
important amounts of fertizing elements which results in lowproduction costs for farmex
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1 The increase in TWW supply must be associated watbuadwater resource design policy that
fills the widespread lack of effective price signals (El Yacoubi and Belghiti, 2002 ) amctuestthe
reuse funding.

1 Subsidiesthrough the water pricing policy as well as throubk innovation policy- are needed

to enhance the use of TWW. Although they are justified from a pure economic point of view
more holistic evaluation shodl also take into account the economic value of the environmental
benefits that TWW reuse can generate.

1 Itis important to stresshat localconditions could change in the futureshile decreases in the
treatment cost of watewater reuse could contributeo its reuse, arfincreasing water scarcity foine
agricultural sector could eliminate the choice between the sources that is still preserved in th
Moroccan irrigation sectgrin this scenariothe total or partial substitution of fresh water with
different sources of nomniform quality irrigation water will become one of the main future research
lines to be explored.

The case study of Tunisia:

1 The fieldworkconductedin the area in three diérent periodshas proven to be essential for
specifying adequately the DST model in the area of stldys has permitted t@nalyz more
accuratelythe impact of water technologiesna economic instruments at different levels of
aggregationfarm and bais scales. Based on this, the study permits to discussiévelopment of
specific policie®f water conservation to address water scarcity problem in the attest may be
distinctacross different farm types and the whole basin.

1 In relation to the diferent scenarios simulated, we can conclude tlia¢re is a tradeoff
between the environmental consequencisg. use of waterdnd the socieeconomic consequences
(e.g farm income) when a given technology or economic instrument is appliedl.scenaros, we
canobservethat positive environmental consequencgesich as less water being usednbe off-set
by negative socigeconomiceffects such a farmncome loss.Specifically, theenvironmentally
preferred scenario(not subsidizedreated wastewater)that results in substantialvater saving
inflicts a seriousincome los to the farmersin general terms, thenost balanced scenario is the
technology scenarithat cancombine effectivelyositive environmental and socioeconomic effects,
by reducing watr use and preserving farm incomein increase inrrigation technicalefficiency
reduces water consumptiowhile maintaining farm income acros# tarm typesand in the whole
basin.Combining water sources, fresh and treated wastewater, is also pravea ¢ffectiveo attain
well-balancedenvironmental ad soci@conomicconsequencesA policy that will encourage mixing
fresh and treated watersan lead to positiveoutcomes for conservingwater resources and
maintaining rural livelihoods

1 From our analgis,we can also conclude thahere is not a unique policy that couldad to
positive ecological and social consequences across all farm types and in the basin as a wh
Differenttypes of farms in the area could have differeasponsego a giventechnological or socio
economic policyand thus different consequenceanbe expectedFarms that cultivate annual crops
are more flexibleto adapt their cropping patterns when a givéachnologyor pricing system is
applied.In contrast, farmghat grow permanent crops have less capacityadapt theircropping
pattern.
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1 In relationto the currentsubsidies applied in Tunidiar wastewater we can concludé&om our
study, that ithas proven to be successfuinstrumentto encourage the use of treated wiewaer

for agricultural production. This opens the way, in the context of the MADFORWATER project,
supportthe use ofthis type of waterand thus the development of related technologies and pricing
schemes

f  Alongsidewe can also concludeom our study that the ¥ | NIYv8lIMgne€xs to pay foan extra

unit of wateris higher than thectual pricecurrently paidin the region. This holds both at farm level
and for the basin as a whole and shows that it will be possible to develop a sound wateratadiffs
water quotas policy in the area of study.

1 In sum,we can conclude that encouraging wh#lanced water policies based in an efficient
combination of technology and economic instruments will lead to positive effects in the area of stuc
in Tunisia. In @dition, engaging stockholders is key for fostering the adoption of new technologie:
and for analyzing the consequences of the application of these policies. In general, this stu
contributes to support and enhance the water policies that Tunisia is@reagplying. It intends to
encourage water policy making with the development of new water technologies and- socic
economic instruments that will be environmentally proof, economically sound and sociall
acceptable
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5. Symbols andabbreviations

CRDA Regional Commissariat for Agricultural Developmemi{@issaria Régional de
DéveloppemeniAgricolg

DCWW Drainage Canal WasteWater

DST Decision Support Tool

R, Rand B Farm types

FAO Food and Agriculture Organisation

FHNW FachHochschule NordWestschweiz

FW Freshwater

FWS Free Water Surface

GAMS General Algebraic Modeling System

GDA Agricultural Development Groupsr@ipementDéveloppement Agrica)

IAMB Centro Internazionale di Alti Studi Agronomici Mediterransiituto Agronomico
Mediterraneo di Bari

MAC MediterraneanAfrican Countries

MAP MonoAmmonium Phosphate

MCA Multi-Criteria Analysis

MENA Middle East and North African

MWW Municipal WasteWater

NWRC National Water Research Centre

TWW Treated Wastewater

UPM Universidad Politecnica de Madrid

WWTP WasteWater Treatment Plant
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Annex1: Strategies and economic instruments for WW management (Task 5.2 : FHNW)
1. Detailed Material and Methods, and Results for the water reuse implementation potential assessment

Table55: Detaileddescription of the thematic subjects, key questions, quantitative andjeoir Yy G A G F G A @S AYRAOIF 02NR g6A0GK LI2aaArot
Thematic Key question Indicator Description Unit References
subject
Economy -What is the official Total official financial Total  official  financial Euro / nt UN z SDG Indicators

financial development

assistanc development (gross disbursemer development (gross disbursement) 1 produced wastewater

(gross expenditure) for water supp assistance for water supply ar water supply and sanitation by recipie

and sanitation?

productbn in a country and year

sanitation for water supply an
sanitation by recipient per WW

as a degree for amount of water a
sanitation related to Officia
Development Assistance that is part o
national  government coordinated
spending plan per WW production in
country and year. Note, converted fro
USD/m3 to EUO/m3 with the
conversion factor: 0.8@oinMill 2019).

6.a.1 Gobal Database inEsteve et
al.(2017)

-What is the level of Economic

economic water security? security

water

=

Composite indicator base N/Av (ratio o

on: max. 20)

Coefficient variation of rainfall-
years

Coefficient variation of rainfall-
months

- Storage Ratio

- Reliability

- Water Stress

Storage Drought duration lengt
index

- Data availability counting

A Broad economy index

- Water productivity in Agriculture

- Self-sufficiency in Agriculture

A Agriculture index

- Waterproductivity in Energy

(Snethlage et al. 2018)
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Thematic Key question Indicator Description Unit References
subject
Minimum platform for electricity
production
A Energy index
-What are the financia Water  pricing  for Tariffs for water use in Euro / n¥ (Esteve et al. 2019;
subsidies for water use i agriculture agriculture Australian Government 2019)
agriculture?
-What are the financia Financial subsidies A sum of money granted b % reduction (Esteve et al. 2019)
subsidies for water use i the state or a public body to help a wa
agriculture? reclamation, irrigation of farms keep tt
price of a commodity or service low.
Water -What is the Transboundary Watel The dependency  wate % 2nds Arab State of
Management transboundary water dependen Bodies Dependency Ratim the volume ratio between countries in tt Water Report in Esteve et al.(

ratio?

Northern African region

Northern African region.

2017)

-What is the share of
produced volume of industrial and
municipal wastewater per total
population in a country?

Share  of annual
produced industrial and
municipal wastewater volume
per total population in a country

Share of produced wate
volume by means of industrial an
municipal wastwater before treatmer
per total population, which includes a
persons physically present within tt
present geographical boundaries
countries at the migoint of the
reference period.

m(a*inhabitants)

(FAO - UN Food and
Agriculture Organisation 2016;
University of Tunis El Manar 2018;
Direction Générale du Génie Rural
AO AA 1 8%obl I @D/
Commissariat Regional au
Developpement Agricole Nabeul
2016), own developement

- What is the share of
treated to produced volume of
industrial and municipal
wastewater?

Share of annual
treated to produced industrial
and municipal wastewater

Share of annual treated t
produced industrial and municip:

wastewater

%

2nds Arab State of
Water Report in (Esteve et al.
2017)

(FAO - UN Food and
Agriculture Organisation 2016;
University of Tunis El Manar 2018;
Direction Générale du Génie Rural
AO AA 18%@bl i EO/
Commissariat Regional au
Developpement Agricole Nabeul
2016), own development

-What is the share of
harvested irrigated crop area per
cultivated area?

Percent of total
harvested irrigated crop area
(full  control irrigation) per
cultivated area (arable land +
permanent crops)

Percent of total harveste
irrigated crop area. It refers to theops
grown under full control irrigation .
Areas under double irrigated croppir
(same area cultivated and irrigated twi
a year) are counted twice. Therefore t
total area may be larger than tt
full/partial control equipped area undel
which gives arindication of the cropping
intensity. The total is only given i
information on all irrigated crops in th
country is available per cultivate are
(arable land area + permanent cra
area).

%

(FAO - UN Food and
Agriculture Organisation 2016),
own development
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Thematic Key question Indicator Description Unit References
subject
Policy and -What is the proportion Proportion of Proportion of monitoring anc % (Esteve et al. 2017)
institutional of monitoring and reporting monitoring and reporting system  reporting system between differel
systems in comparison to other between African  countries African countris reported on by
countries? reported on by country country: [%].
-What is the degree of Degree of Degree of implementation o % (FAO - UN Food and
implementation of national implementation of national national monitoring and reporting Agriculture Organisation 2016)
monitoring and reporting system?  monitoring and reporting system  system [%].
Legislation - What is the quality of World governance This composite indicatol % (Kaufmann, Kraay, and
contract enforcement, property index, rule of law quantifies the ability of a country t Mastruzzi 2010)
rights, and the courts in each abide the quality of contrac
country? enforcement, property rights, and tt
courts
- What is the regulation Compliance for food Legal compliance, weathe ranking: yes, Own development, and
for food and nonfood crop and nonfood crop irrigation water reclamation in food and némod partly, no Mueller (2018), and intended
irrigation with reclaimed water? with reclaimed water crop irrigation is allowed in a country stakeholder survey by Mueller et
al. (FHNW)
Society -What is the degree of Degree of Degree of implementation o % 2nds Arab State of
implementation of equitable water implementation of equitable and equitable and efficient water supply ar Water Report in Esteve et al.
and wastewater tariffs? efficient water supply and wastewater tariffs in a country. (2017)
wastewater tariffs
-What share of Share of using Share of using improvec % UN z SDG Indicator
population is using improved improved sanitation services sanitation services in a country. Global Database SDG 6.2.1 i
sanitation services? Esteve et al(2017)
-What is the social Social acceptance in a The social acceptance ¢ N/Av Intended  stakeholder
acceptanceof a country towards country towards the water reuse inhabitants of a country towards wat survey by Mueller et al. (2019)
water reuse for agriculture? for agriculture reclamation for irrigation (food and ner
food crops, municipal and industri
wastewater).
Environment -What is the status of Compliance of Compliance of nabnal water ranking:  higher, Own development, and

national water reuse regulations
for irrigation in comparison with
the international BS 1SO 16072:
2015 water quality guideline?

national water reuse regulations
for irrigation in comparison with

the BS 1SO 160722:2015 water
quality guideline

reuse regulations e in comparison wi
the BS I1SO 16072:2015 water quality
guideline

moderate, lower

Mueller (2018), and intended
stakeholder survey by Mueller et
al (2019).

-What is the share of the
area equipped for irrigation that
has become salinized?

Percent of area
equipped for irrigation that has
become salinized

Percent of areaquipped for
irrigation that has become salinized d
to mineral build up caused by inadequi
drainage.

%

(FAO - UN Food and
Agriculture Organisation 2016)

Table56: Scoring of water reuse level: lover, moderate, and higher for each indicator. N/Av stands for not available
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Thematic subject

Key question

Indicator

Unit

Scoring

Economy

-What is the official financial
development assistance (gross expenditt
for water supply and sanitation?

Total official financial development (gros

Euro / m3 produced

disbursement) assistance for water supply and sanitatio wastewater

water supply and sanitation by recipient per W
production in a country and year

- lower: 0- 0.33 Euro/m3
- moderate: >0.33- 0.66 Euro/m3
- higher: 0.66 >= 1 Euro/m3

-What is the level of economi Economic water security N/Av (ratio of max. - lower: 0 - 6.6
water security? 20) - moderate: <6.6 - 13.2
- higher: <13.2 20
-What is the water pricing fol Water pricing for agriculture Euro / n? - lower: 0- 33.3%
agriculture? - moderate: <33.366.6%
- higher: <666 - 100%
-What are the financial subsidie Financial subsidies % reduction - lower: <66.6 - 100%
for water use in agriculture? - moderate: <33.3 - 66.6%
- higher: 0- 33.3%

Water Management -What is the transboundary watt Transboundary Water Bodies Dependency Rz % - lower: <66.6 - 100%

dependency ratio? in the Northern African region - moderate: <33.3 - 66.6%
- higher: 0- 33.3%

-What is the share of produce Share of annual produced industrial a m®/(a*inhabitants) - lower: <66.6 - 100%

volume of industrial and municipa municipal wastewater volume per total population ir - moderate: <33.3 - 66.6%
wastewater per total population ic@untry? country - higher: 0- 33.3%

-What is the treated volume c Share of annual treated to produced indust % - lower: 0 - 33.3%

industrial and municipal wastewater? and municipal wastewater - moderate: <33.3 - 66.6%

- higher: <66.6 100%

-What is the share of harveste Percent of total harvested irrigated crop ai % - lower: <66.6 - 100%

irrigated crop area per cultivated area? (full control irrigation) per cultivated area (arable land - moderate: <33.3 - 66.6%
permanent crops) - higher: 0- 33.3%

Policy and institutional -What is the proportion of Proportion of monitoring and reporting syste % - lower: 0- 33.3%
monitoring and reporting system i between African countries reported on by country - moderate: <33.366.6%
comparison to other countries? - higher: <66.6 100%

-What is the degree fo Degree of implementation of nation: % - lower: 0 - 33.3%
implementation of national monitoring an monitoring and reporting system - moderate: <33.3 - 66.6%
reporting system? - higher: <66.6- 100%

Legislation -What is the quality of contrac World governance index, rule of law % - lower: 0 - 33.3%
enforcement, property rights, and the cou - moderate: <33.3 - 66.6%
in each country? - higher: <66.6 100%

-What is the regulation for fooc Compliance for water reclamation in food at ranking: yes, partly, - lower: yes, food and nen
and nonrfood crop irrigation with reclaimec nonfood crop irrigation no food crops
water? - moderate: partly, noefood crop

- higher: no, not allowed
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Social -What are the conditions t Degree of implementation of equitable ai % - lower: 0 - 33.3%
equitable water and wastetgaoptions? efficient water supply and wastewater tariffs - moderate: <33.3 - 66.6%
- higher: <66.6 100%
-What share of population i Share of usingmproved sanitation services % - lower: 0 - 33.3%
using improved sanitation services? - moderate: <33.3 - 66.6%
- higher: <66.6 100%
-What is the social acceptance Social acceptance in a country towards the we N/Av N/Av
a country towards water reclamation fi reclamation fomgriculture
agriculture?
Environment -What is the status of natione Compliance of national water reuse regulatic ranking: higher, - lower: Cat. D, irrigation of

water reuse regulations for irrigation i for irrigationin comparison with the BS ISO 160722015 moderate, lower

comparison with the international BS IS water quality guideline
160752: 2015 water quality guideline?

industrial and seeded crops: TSS: 1«
BOD: 100, TC: no values
- moderate: Cat. C, irrigation of ner
food crops: TSS: 50, BOD: 35TC:
10,000

- higher: Cat. A and B, B as th
threshold value includes: irrigation ¢
processed food crops: TSS: 25, BO
20, TC: 1,000

- What is the share of the are Percent of area equipped forigation that has
equipped for irrigation that has becon become salinized
salinized?

%

- lower: 66.66 i 100%
- moderate: < 33.337 66.66%
- higher: <0i 33.33%
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Table57: Investigation of the situation in Egypt, Tunisia, Morocco, and Australia related to possible wasts\#@©rt | YI G A2y ® bk! @ aiul yRa
Thematic Key Indicator Result Result Result Result Unit Reference
subject guestion Morocco Tunisia Egypt Australia
Economy - Total official 0.246 0.358 0.017 N/Av Euro / nt UN i SDG
What is the financial  development produced wastewater Indicators 6.a.1 Globa
official (gross disbursement Database irEsteve et
financial assistance for wate al. (2017)
development supply and sanitation fo
assistance water supply and
(gross sanitation by recipient pe
expenditure) WW production in a
for water country and year
supply and
sanitation?
- Economic 13.33 13 15.16 8 N/Av (ratio of (Snethlage
What is the water security max. 20) et al. 2018)
level of
economic
water security?
- Water pricing 0.15 0.04 0 1.09 Euro / n¥ (Esteve et
What is the for agriculture al. 2019; Australian
water pricing Government 2019)
for agriculture?
- Financial N/Av 50 100% N/Av % reduction (Esteve et
What are the subsidies al. 2019)
financial
subsidies  for
water use in
agriculture?
Water - Transboundary 0 8 97 0 % 2nds Arab
Management What is the Water Bodies State of Water Repor
transboundary Dependency Ratio in the in Esteve et al(2017),
water Northern African regio (FAO - UN Food and
dependency Agriculture
ratio? Organisation 2016
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Thematic Key Indicator Result Result Result Result Unit Reference
subject question Morocco Tunisia Egypt Australia
- Share of 29.5 42.8 11951 107.5 m3/(a*inhabitants) (FAO - UN
What is the annual producec Food and Agriculture
share of industrial and municipal Organisation  2016;
produced wastewater volume pe University of Tunis El
volume of total population in a Manar 2018;
industrial and country Direction Générale du
municipal Génie Rural et de
wastewater per I 6 %@bdni Ed@éA
total population Eaux 2017;
in a country? Commissariat
Regional au
Developpement
Agricole Nabeul
2016)
- Percent of total 23.7 59.2 38.8 95.5 % (FAO - UN
What is the harvested irrigated croj Food and Agriculture
share of area (full control Organisation 2016)
harvested irrigation) per cultivated
irrigated crop area (arable land +
area per permanent crops)
cultivated area?
- Total 18.4 8.6 185.0 3.8 % (FAO - UN
What is the harvested irrigated croj Food and Agriculture
share of area (full control Organisation 2016)
harvested irrigation)
irrigated  crop
area per
cultivated area?
Policy and - Proportion  of N/Av 95.2 51.2 N/Av % (Esteve et
institutional What is the monitoring andreporting al. 2017)
proportion of system between Africar
monitoring and countries reported on b
reporting country
system in
comparison to
other
countries?
- Degree of N/Av 74.5 100 N/Av % (FAO - UN
What is the implementation of Food and Agriculture
degree of Organisation 2016)
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Thematic Key Indicator Result Result Result Result Unit Reference
subject question Morocco Tunisia Egypt Australia
implementation national monitoring and
of national reporting system
monitoring and
reporting
system?
Legislation - World 48.56 56.25 32.69 93.27 % (Kaufmann,
What is the governance index, rule o Kraay, and Mastruzzi
quality of law 2010)
cortract
enforcement,
property rights,
and the courts
in each
country?
- Compliance YES partly partly N/Av ranking: yes, Own
What is the for water reclamation in partly, no development, and
regulation for food and norfood crop (Mueller 2018), and
food and non irrigation intended stakeholder
food crop survey by Mueller et
irrigation  with al. (2019)
reclaimed
water?
Social - Degree of N/Av 58 100 N/Av % 2nds Arab
What are the implementation of State of Water Repor
conditions to equitable and efficient in Esteve et al. (2017)
equitable water water supply and
and wastewater wastewater tariffs
options?
- Share of using 76.71 91.59 94.72 100 % UN i SDG
What share of improved sanitation Indicator Global
population is services Database SDG 6.2.1 i
using improved Esteve et al(2017)
sanitation
services?
- Social N/Av N/Av N/Av N/Av N/Av Intended
What is the acceptance in a countr stakeholder survey by
social towards the water Mueller et al. (2019)
acceptance of ¢ reclamation for
country agriculture
towards water
reclamation for
agriculture?
Environment - Compliance of lower higher lower N/Av ranking:  higher, Own

What is the
status of
national water
reuse

national  water reuse
regulations for irrigation
in comparison with the BS

moderae, lower

development, anc
(Mueller 2018) and
intended stakeholde
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Thematic Key Indicator Result Result Result Result Unit Reference
subject question Morocco Tunisia Egypt Australia
regulations for 1SO 160722:2015 water survey by Mueller et
irrigation in  quality guideline al. (2019)
comparison
with the
international
BS ISO 16075
2: 2015 water
quality
guideline?
- Percent of aree 10.4 21.83 N/Av 8.3 % (FAO - UN
What is the equipped for irrigation Food and Agriculture

share of the
area equippec
for irrigation
that has
become
salinized?

that has become salinize«

Organisation 2016)

122



6 MAD

WATER

1
2 2. Costfactors and weighting profile
3 Table58: Cost factors considered for Egypt, Morocco, and TuMsisa G I YR F2NJ Qy 2 REGF | @FAf I ofSW 2NJ Qy2d RSFAYSR
Country Parameters Unit Default value Reference Comment
Currency [EGP] EgyptianPound The reference community is based on USD from 2006.
I To define the exchange rate, it is recommended to use th
Exchange rate to [EGP / USD] 5772 (Jan 2006 (Euppean Com_mlssmn 2019) exchange rate from 2006 and to include inflation rate or o
USD 2006 7.319| (Coinnews Media Group LLC 2018 . . o
evolution factors since 20q&uropean Commission, n.d.)
Egypt Land cost [USD/ha] 10,000 - Own estimation was used for the assessment
Electricity cost 2018 | [USD/kWh] 0.02| (GlobalPetrolPrices.com 2018) Average electricity cost should be used.
Personal cost [EGP/per month] 3,121| (Economic Research Institute 2019 Median Base Salary for Blue Collar Worker
Discount rate (r) o . Real interest rate r = nominal interest raté @ctual
972017 [%/a] 19.25| (Central Intelligence Agency 2019 inflation rate (p)
Currency [MAD] Moroccan dirham Thereference community is based on USD from 2006.
I To define the exchange rate, it is recommended to use th
E)é%] 3%%% rate to [MAD / USD] 9.246 (Ja{]lzg)gf %m%@g %Aoeg;glzsrlgg 28&8)2018 exchange rate from 2006 and to include inflation rate or o
) p evolution factors since 20q&uropean Commission, n.d.)
Morocco Land cost [USD/ha] 10,000 - Own estimation was used for the assessment
Electricity cost 2018 | [USD/kWh] 0.11| (GlobalPetrolPrices.com 2018) Average electricity cost should be used.
Personal cost [MAD/per month] 3,957| (Economic Research Institute 2019 Median Base Salary for Blue Collar Worker
Discount rate (r) o . Real interest rate r = nominal interest raté @ctual
31.12.2010 [%/a] 6.5]| (Central Intelligence Agency 2019 inflation rate (p)
Currency [TND] Tunisian dinar Thereference community is based on USD from 2006.
. To define the exchange rate, it is recommended to use th
Exchange rate to [TND / USD] 1.361 (2006) (Euppean Commission 2019) exchange rate from 2006 and to include inflation rate or o
USD 2006 1.726| (Coinnews Media Group LLC 201§ . h .
evolution factors since 200§8uropean Commission, n.d.)
Tunisia Land cost [USD/ha] 10,000 - Own estimation was used for the assessment
Electricity cost 2018 | [USD/kWh] 0.07/| (GlobalPetrolPrices.com 2018) Average electricity cost should be used.
Personal cost [TND/per month] 22503000| (Global Logistic Cluster 2014) Manual Skilled Labour
Discount rate (r) [%/a] 5.75| (Central Intelligence Agency 2019 Real interest rate r = nominal interest raté @ctual

31.12.2010

inflation rate (p)
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Table59: Weightingprofile applied with assessment criteria for multi criteria analysis with qualitative or-fedzir Yy G A G 0 A O QA KV FRNFR URA By & RI G|

6 MAD WATER

defined

Technical evaluation Weight Requirements and impacts Weight
Reliability Important Power demand Regular
Ease to upgrade - Chemical demand -
Adaptability to varying flow - Odor generation -
Adaptability to varying quality Important Impact on ground water -

Ease of O & M Very Important Land requirement -

Ease of construction - Cost oftreatment Important

Ease of demonstration

Quantity of sludge production
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3. Detailed results for the assessment A
Table60: Topranking options for treating municipalastewater to comply with ISO guidelines in Egypt, Morocco and Tunisia based on eG8) @1t weights (WALV3

6 MAD WATER

Typical municipal wastewater quality (MWW)

Ranking Egypt Cost[USD/n"] Morocco Cost[USD/n"] Tunisia Cost[USD/m|
Cat. A: Unrestricted urbairrigation and agricultural irrigation of food crops consumed raw
1 ¢ Title 22: Belgium 0.97 Title 22: Belgium 0.59 Title 22: Belgium 0.52
5 ¢ Soil treatment: Israel 1.15 Title 22: USA | 0.66 Title 22: USA | 0.61
3 ¢ Title 22: USA | 1.19 Only disinfectionBenchmark 0.68 Benchmarﬁ”'y disinfection 0.65
1 w Only disinfection Benchmark 1.19 Only disinfection Benchmark 0.68 Benchmarﬁnly disinfection 0.65
> w Lagooning: South Africa 1.29 Lagooning: South Africa 0.74 Lagooning: South Africa 0.70
3 w Lagooning: Israel 1.64 Lagooning: Israel 0.93 Lagooning: Israel 0.87
Cat. B: Restricted urban irrigation and agricultural irrigation of processed food crops
1 € Wetlands: USA 0.80 Wetlands: USA 0.44 Wetlands: USA 0.42
5 ¢ Title 22: Belgium 0.97 Title 22: Belgium 0.59 Title 22: Belgium 0.52
3 ¢ Only disinfection: USA 1.03 Only disinfection: USA 0.61 Only disinfection: USA 0.57
1 w Only disinfection Benchmark 1.19 Only disinfection Benchmark 0.68 Benchmarlc()nly disinfection 0.65
5 w Lagooning: South Africa 1.29 Lagooning: South Africa 0.74 Lagooning: South Africa 0.70
3 w Local MBR: Japan 1.27 Local MBR: Japan 0.73 Local MBR: Japan 0.67
Cat. C: Agricultural irrigation of norfood crop
1 € Wetlands: USA 0.80 Wetlands: USA 0.44 Wetlands: USA 0.42
2 ¢ Title 22: Belgium 0.97 Title 22: Belgium 0.59 Title 22: Belgium 0.52
3 ¢ Wetlands: Spain 1.01 Wetlands: Spain 0.59 Wetlands: Spain 0.56
1 w Wetlands: Spain 1.01 Wetlands: Spain 0.59 Wetlands: Spain 0.56

125



@ MAD WATER

Only disinfection

Benchmark 0.65

Only disinfection Benchmark 1.19 Only disinfectionBenchmark 0.68

Lagooning: South Africa 1.29 Lagooning: South Africa 0.74 Lagooning: South Africa 0.70
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1 Table61: Topranking options for treating municipal wastewater secondary effluertamply with 1ISO guidelines in Egypt, Morocco and Tunisia based on ce38)@md
2  weights (W1W3)

Typical municipal wastewater treatment plant secondary effluent (MWWE(f)
Cost

Ranking Egypt [USD/nT] Morocco Cost[USD/n| Tunisia Cost[USD/m’|
Cat. A:Unrestricted urban irrigation and agricultural irrigation of food crops consumed raw
1 q Lagooning: Australia | 0.39 Lagooning: Australia | 0.23 Lagooning: Australia | 0.22
5 q Title 22: Spain 0.45 Lagooning: Australia Il 0.28 Lagooning: Australia Il 0.26
3 q Lagooning: Australia Il 0.47 Title 22: Spain 0.29 Title 22: Spain 0.26
1 v Wetlands: Spain 1.01 Wetlands: Spain 0.59 Wetlands: Spain 0.56
5 v Only disinfection: Chile 0.93 Only disinfection: Chile 0.55 Only disinfection: Chile 0.52
3 v Lagooning:Australia | 0.39 Lagooning: Australia | 0.23 Lagooning: Australia | 0.22
Cat. B: Restricted urban irrigation and agricultural irrigation of processed food crops
1 q Lagooning: Australia | 0.39 Lagooning: Australia | 0.23 Lagooning: Australia | 0.22
) d BenChmarEirTeécCthnOIog/embrane filtration 0.40 BenChmarliirTeeccthn0$g;nbrane filtration 0.28 Lagooning: Australia Ii 0.26
3 q Title 22: Spain 0.45 Lagooning: Australia Il 0.28 BenchmarEirTleecéhnggg/brane filtration 0.26
1 v Wetlands:Spain 1.01 Wetlands: Spain 0.59 Wetlands: Spain 0.56
2 v Only disinfection: Chile 0.93 Only disinfection: Chile 0.55 Only disinfection: Chile 0.52
3 v Lagooning Benchmark Technology 0.58 Tecmmogl;agooning Benchmark 0.35 TeChmIogl;agooning Benchmark 0.33
Cat. C: Agricultural irrigation of norfood crops
1 q No treatment 0.00 No treatment 0.00 No treatment 0.00
1 v No treatment 0.00 No treatment 0.00 No treatment 0.00
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Table62: Toprankingtreatment trains for treating municipal wastewater and secondary effluents to comply with Moroccan regulations based(@tG&tand weights (W1V3)

Moroccan Irrigation Regulation - Cat A: irrigation of crops to be

Ranking eaten raw Cost[USD/n] Moroccan Irrigation Regulation - Cat B & C: irrigation of other crops Cost[USD/n]
Typical municipal wastewater quality (MWW)
1 c Wetlands: Nicaragua 0.16 Wetlands: Nicaragua 0.16
5 c Wetlands: Brazil 0.17 Wetlands: Brazil 0.17
3 c Lagooning: Australia | 0.23 Lagooning: Australia | 0.23
1 W Wetlands: Spain 0.59 Wetlands: Spain 0.59
5 W Only disinfection: Chile 0.55 Only disinfection: Chile 0.55
3 W Lagooning Benchmark Technology 0.35 Lagooning Benchmark Technology 0.35
Typical municipal wastewatéreatment plant secondary effluent (M\ABAf)

1 c No treatment 0.00 No treatment 0.00
1 W No treatment 0.00 No treatment 0.00
Table63: Topranking treatment trains for treating municipal wastewater and secondary effluentsitaply with Egyptian regulations based on cost@3) and weights (WV3)

R Egyptian wastewater reuse regulation- Level A: landscape Cost Egyptian wastewater reuse regulation- Level B: agriculture Cost
anking irrigation in urban areas [USD/m?] purposes in desrt areas [USD/n]

Typical municipal wastewater quality (MWW)
1 c Wetlands: USA 0.80 Lagooning: Australia | 0.39
> c Title 22: Belgium 0.97 Only disinfection: Brazil 0.51
3 c Only disinfection: USA 1.03 Wetlands: USA 0.80
1 W Only disinfectionBenchmark Technology 1.19 Wetlands: Spain 1.01

128



6 MAD WATER

R Egyptian wastewater reuse regulation- Level A: landscape Cost Egyptian wastewater reuse regulation- Level B: agriculture Cost
anking irrigation in urban areas [USD/m¥] purposes in desrt areas [USD/n¥]
5 Lagooning: South Africa 1.29 Lagooning: Australia | 0.39
3 N Local MBR: Japan 1.27 Only disinfection: Brazil 0.51

Typical municipal wastewater treatment plant secondary effluent (MBR)NV
1 c Direct membrane filtration Benchmark Technology 0.40 Direct membrane filtration Benchmark Technology 0.40
> c Title 22: Spain 0.45 Title 22: Spain 0.45
3 c Only disinfection: Brazil 0.51 Only disinfection: Brazil 0.51
1 b Wetlands: Spain 1.01 Wetlands: Spain 1.01
> W Only disinfection: Chile 0.93 Only disinfection: Chile 0.93
3 W Lagooning Benchmark Technology 0.58 Lagooning Benchmark Technology 0.58

Table64: Topranking options for treating municipal wastewater and secondary effluentomply with Tunisian regulations based on cost(3] and weights (WALV3)

R Tunisian wastewater reuse regulation- NT 106.03 Cost Tunisian wastewater reuse regulation- Norm 106.03 revised, Cat IlI: Cost
anking standard: irrigation [USD/n¥] infiltration of groundwater for agricultural use [USD/n¥]

Typical municipal wastewater quality (MWW)
L ¢ Wetlands: Senegal 0.37 Only disinfection: Chile 052
2 ¢ Wetlands: USA 0.42 Title 22: Belgium 0.52
3 ¢ Title 22: Belgium 0.52 Wetlands: Spain 0.56
1 w Wetlands:Spain 0.56 Wetlands: Spain 0.56
2 w Only disinfection Benchmark Technology 0.65 Only disinfection: Chile 0.52
3 w Lagooning: South Africa 0.70 Only disinfection Benchmark Technology 0.65

Typical municipal wastewater treatment plant secondary effidWW-Eff)
1 ¢ Wetlands: Nicaragua 0.15 Wetlands: Nicaragua 0.15
5 € Wetlands: Brazil 0.16 Wetlands: Brazil 0.16
3 ¢ Lagooning: Australia | 0.22 Wetlands: Peru 0.22
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1 w Wetlands: Spain 0.56 Wetlands: Spain 0.56
5 w Only disinfection: Chile 0.52 Only disinfection: Chile 0.52
3 w Lagooning Benchmark Technology 0.33 Lagooning Benchmark Technology 0.33
Table65: List of all strategies developed from section 3
o Enduse¢ water quality . Cost of treatment
N Wastewater regulation Technology Country Quantity [m3/d] [USD/M3]
MAC- MWW - Cat. A: Unrestricted urban
. . irrigation and agricultural
1 \'B/plcal MunICIpa}! irrigation of food crops Egypt 10,000
astewater quality consumed raw Title 22: Belgium 0.97
MAC- MWW - Cat. A: Unrestricted urban
2 TypicalMunicipal irrigation and agricultural Morocco 10,000
Wastewater quality irrigation of food crops
consumed raw Title 22: Belgium 0.59
MAC- MWW - Cat. A: Unrestricted urban
3 Typical Municipal | irrigation andagricultural Tunisia 10,000
Wastewater quality irrigation of food crops
consumed raw Title 22: Belgium 0.52
MAC- MWW - Cat. B: Restricted urban irrigatid
4 Typical Municipal | and agricultural irrigation of Egypt 10,000
Wastewater quality | processed food crops Wetlands: USA 0.80
MAC- MWW - ' S
5 Typical Municipal | Cat. B: Restricted urban irrigatiq Morocco 10,000
Wastewater quality and agricultural irrigation of
processed food crops Wetlands: USA 0.44

130




6 MAD WATER

Enduse¢ water quality

Cost of treatment

N° Wastewater regulation Technology Country Quantity [m3/d] [USD/M3]
MAC- MWW -

6 Typical Municipal | Cat. B: Restricted urbarigation Tunisia 10,000
Wastewater quality and agricultural irrigation of

processed food crops Wetlands: USA 0.42

MAC- MWW -

7 Typical Municipal | Cat. C: Agricultural irrigation of Egypt 10,000
Wastewater quality | non-food crops Wetlands: USA 0.80
MAC- MWW -

8 TypicaMunicipal | cat. C: Agricultural irrigation of Morocco 10,000
Wastewater quality | non-food crops Wetlands: USA 0.44
MAC- MWW -

° Typical Municipal | cat. ¢: Agricultural irrigation of Tunisia 10,000
Wastewater quality | non-food crops Wetlands: USA 0.42
MAQ' MWW_'_ Moroccan Irrigation Regulation

10 Typical Municipal | cat A: irrigation of crops to be Morocco 10,000
Wastewater quality | eaten raw Wetlands: Nicaragua 0.16
MAQ MWW_'_ Moroccan Irrigation Regulation

11 Typical Municipal | cat B &C: irrigation of other Morocco 10,000
Wastewater quality | crops Wetlands: Nicaragua 0.16
MAC_:' MWW_' ) Egyptian wastewater reuse

12 Typical Municipal | regulation- Level A: landscape Egypt 10,000
Wastewater quality | irrigation in urban areas Wetlands: USA 0.80
MAC_:' MWW_' ) Egyptian wastewater reuse

13 Typical Municipal | regulation- Level B: agriculture Egypt 10,000
Wastewater quality | purposes in desert areas Lagooning: Australia | 0.39
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Enduse¢ water quality

Cost of treatment

N Wastewater regulation Technology Country Quantity [m3/d] [USD/M3]
MAC_:' MWW_' ) Tunisian wastewater reuse o
Wastewater quality | irrigation Wetlands: Senegal 0.37
MAC- MWW - Tunisian wastewater reuse
15 | Typical Municipal | regulation-Norm 106.03 Tunisia 10,000
Wastewater quality revised, Cat llII: infiltration of
groundwater for agricultural use| Onlydisinfection: Chilg 0.52
Cat. A: Unrestricted urban
MAC- MWW - Typical | irrigation and agricultural
16 Effluent Municipal irrigation of food crops Egypt 10,000
Wastewater quality | consumed raw Lagooning: Australia | 0.39
Cat. A: Unrestricted urban
17 MAC- MWW - Typical | irrigation and agricultural Morocco 10,000
Effluent Municipal irrigation of food crops
Wastewater quality | consumed raw Lagooning: Australia | 0.23
Cat. AUnrestricted urban
18 MAC- MWW - Typical | irrigation and agricultural Tunisia 10,000
Effluent Municipal irrigation of food crops
Wastewater quality | consumed raw Lagooning: Australia | 0.22
MAC- MWW - Typical | Cat. B: Restricted urban irrigatiq
19 Effluent Municipal and agricultural irrigation of Egypt 10,000
Wastewater quality processed food crops Lagooning: Australia | 0.39
20 MAC- MWW - Typical | Cat. B: Restricted urban irrigatig Morocco 10,000
Effluent Municipal and agricultural irrigation of
Wastewater quality processed food crops Lagooning: Australia | 0.23
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Enduse¢ water quality

Cost of treatment

N° Wastewater regulation Technology Country Quantity [m3/d] [USD/M3]

21 MAC- MWW - Typical | Cat. B: Restricted urban irrigatig Tunisia 10,000
Effluent Municipal and agricultural irrigation of
Wastewater quality processed food crops Lagooning: Australia | 0.22
MAC- MWW - Typical

22 Effluent Municipal Cat. C: Agricultural irrigation of Egypt 10,000
Wastewater quality non-food crops No treatment 0
MAC- MWW - Typical

23 Effluent Municipal Cat. C: Agricultural irrigation of Morocco 10,000
Wastewater quality non-food crops No treatment 0
MAC- MWW - Typical

24 EffluentMunicipal Cat. C: Agricultural irrigation of Tunisia 10,000
Wastewater quality non-food crops No treatment 0
MAC- MWW - Typical | Moroccan Irrigation Regulation

25 Effluent Municipal Cat A: irrigation of crops to be Morocco 10,000
Wastewater quality | eaten raw Notreatment 0
MAC- MWW - Typical | Moroccan Irrigation Regulation

26 Effluent Municipal Cat B & C: irrigation of other Morocco 10,000
Wastewater quality | crops No treatment 0
MAC- MWW - Typical | Egyptian wastewater reuse Direct membrane

27 Effluent Municipal regulation- Level A: landscape | filtration Benchmark | EQypt 10,000
Wastewater quality irrigation in urban areas Technology 0.40
MAC- MWW - Typical | Egyptian wastewater reuse Direct membrane

28 Effluent Municipal regulation- LevelB: agriculture | filtration Benchmark | EQypt 10,000
Wastewater quality purposes in desert areas Technology 0.40
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Enduse¢ water quality

Cost of treatment

N Wastewater regulation Technology Country Quantity [m3/d] [USD/M3]
MAC- MWW - Typical | Tunisian wastewater reuse o
29 Effluent Municipal regulation- NT 106.03 standard: Tunisia 10,000
Wastewater quality irrigation Wetlands:Nicaragua 0.15
Tunisian wastewater reuse
30 MAC- MWW - Typical | regulation- Norm 106.03 Tunisia 10,000
Effluent Municipal revised, Cat lll: infiltration of
Wastewater quality groundwater for agricultural use| Wetlands: Nicaragua 0.15
31 MADFORWATHBRCW | Not defined MADFORWATHRIot | Egypt 10,000 0.31
32 MADFORWATHBRCW | Not defined MADFORWATHRIot | Egypt 1,000 0.51
33 MADFORWATHBRCW | Not defined MADFORWATHRIot | Morocco 10,000 0.18
34 MADFORWATHRCW | Not defined MADFORWATHRIot | Morocco 1,000 0.30
35 MADFORWATHRCW | Not defined MADFORWATHRIot | Tunisia 10,000 0.17
36 MADFORWATHRCW | Not defined MADFORWATHRIot | Tunisia 1,000 0.28
MADFORWATER
37 | FvPww Not defined MADFORWATERIot | E9YPt 10,000 1.44
MADFORWATER
38 | FvPww Not defined MADFORWATERIot | E9YPt 1,000 2.20
MADFORWATER
39 | FvPww Not defined MADFORWATERIot | MOrocco 10,000 0.88
MADFORWATER
0 | evpww Not defined MADFORWATERIot | MOrocco 1,000 1.22
MADFORWATER ..
4 Evpww Not defined MADFORWATERI0t | 1unisia 10,000 0.81
MADFORWATER .
42 | evpww Not defined MADFORWATERI0t | 1unisia 1,000 1.14
MADFORWATER
2B aww Not defined MADFORWATERIot | E9YPt 10,000 1.10
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Enduse¢ water quality

Cost of treatment

N Wastewater regulation Technology Country Quantity [m3/d] [USD/M3]
MADFORWATER

4“4 aww Not defined MADFORWATERIot | MOrocco 10,000 0.62
MADFORWATER .

B uww Not defined MADFORWATERlot | unisia 10,000 0.59
MADFORWATER

6 omww Not defined MADFORWATERot | E9YPt 10,000 0.51
MADFORWATER

A omww Not defined MADFORWATERot | E9YPt 1,000 0.75
MADFORWATER

8 omww Not defined MADFORWATHERIot | MOrocco 10,000 0.36
MADFORWATER

9 omww Not defined MADFORWATHERIot | MOrocco 1,000 0.46
MADFORWATER .

50 | omww Not defined MADFORWATHERIot | 1unisia 10,000 0.32
MADFORWATER .

51 omww Not defined MADFORWATHERIot | 1unisia 1,000 0.42

52 | MADFORWATERVW | Not defined MADEORWATERIot | Egypt 10,000 0.92

53 MADFORWATERNW | Not defined MADFORWATHRIot | Egypt 1,000 1.99

54 MADFORWATERNVW | Not defined MADFORWATERIot | Morocco 10,000 0.49

55 | MADEORWATERVW | Not defined MADFORWATHERIot | Morocco 1,000 0.96

56 | MADEORWATERVW | Not defined MADEORWATERIot | Tunisia 10,000 0.45

57 | MADEORWATERVW | Not defined MADEORWATERIot | Tunisia 1,000 0.89
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Annex 2 Fieldworkscarried out in theTunisia case study

1. Fieldwork questionnaire

MADFORWATER

Etude decas :La Tunisie

Enquéte aupres des agriculteurs

Situationgéographique de la zone du projet (Cas de la Tunisie)

Données générales

A D

51 S RS YEXOSOYNXAXSXIXSK X X X X XXX XXX XXXXXXXXXXXXX)>
.1 2RS RS Y XOESWAXE XX XXX XXX XXXXXXXXXXXXXXXXX
NometLINBY 2Y RS Y XXM X2 XiSXAMI X X X X X X X X XX X XX X X X
Délégationy X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X}
Région (Douary X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Coordonnées du parcelle ()X X X X X X X X X X X X X X X X X X X X X X X X X X X X}

Données agriculteur

AgeY X X X X X X X X X X X X X XYb XXXXXXX¢¢I{K§®€XXXXXXX¢¢
Niveau de scolarité

o Etude primaire

o0 Etude secondaire

o Etude universitaire
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0 AUutresY X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X )
3. Combien de personnes dans votre famile Y X X X X X X X X X X PPX X X X X X X X X
4. [ QF ANK Odzf G dzNBE SadG? @2GNB | OGABAGS LINARY OA LN
o Oui

0o Non

Si non, quel genre de travail EXEraBILIS?..............vuuiiiiiiiiiiiiiiieee e

5. Quelle est la marge annuelle que vous recevez anuellement pour chaque
hectareK Y X X X X X X X X X XX XK EKEKEKEKX XXX XXX XXX XXX XXX XXX
6. EstOS 1jdzQAf & | L) dz& RQdzy NBGSydz RIya @2GNF
0 Oui

0o Non

Si oui, quel est le pourcentage de ce revenu dans le revenu familial ?

XXXXXXXXXXXXXXXXXXXXXXXXXXPPOPPPDDPDPDPDPPPPDPDPDDC

7. Dansquel milieu habitez/ous actuellemen®
o Urbain
0 Rural

8. Quele est la distanceée votre parcelle par rapport a la route la plus proche?

Parcelle (s) et culture (s)

1. Quelle est la superficie total de votre exploitation (Ra)............cccceeeeeieiieeeenenn.n.
2. Etesvous propriétaire du champ ou locataipe
x Si propriétaire,
0 Quelle la superficie totale exploitdga)?Y X X X X P X X X X X X X X X X
0 Quel est le prix de vente (dt/h&)
A Pluvialy X X X X X X XXX XXX XXXXXXXXXXXXXXXXXXX
A IrriguY X X X X XXX XXX XXX XXX XXXXXXXXXXXXXXd

x Si locataire,
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0 Quelle est la superficie totale exploitée (ly X X X X X X X X X X X ® ®
0 Quel est le prix de location (dt&) ?
A Pluvialy X X X X X X X XX XX XXXXXXXXXXXXXXXXXXDA
A IrmigugY X X XX X XXX XXX XXX XXX XXX XXXXXXXX DD X
. Le prixde vente ou de location de terrain est conditionné par les caractéristiques de la
parcelle?ZX X X X X X X X X X X X X X X X X X X X X X PP DPDPDPDPDPDPDPDPDPPPDP D
. Remplir le tableau suivant pour la caractérisation de chaque culture, superficie,
YSGK2RS RQANNAIFGA2Y X

Irrigué ? (si,
o Date de semis et de
Culture Superficie (ha) méthode

récolte (mois) .
RQA NN 3|

. Pourquoi cultivezvous ceO dzf G dzNBa SiG 2y LI & RQI dzi NS a
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX
. Avezvous des terres agricoles non utilisées (ha)

0 hdzZA ZXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

0o Non

. Avezvous des cultures sous serres

0 OuUui, SUPEITICIENA) 2..cceeiiii e
o Non
. Quelles rotations faitesous entre les culture® Spécifier cultures, dates et superfi@ie

Avezvous des récoltes secondairesCultures associeés

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX XX
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9. Pour les cultures permanentes, quel est le colt de produdion/ 2 YO A SY RQI y\

prennent pour la production ? Durée de vie des culti?es
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX
10. Quelles culturs sont plus risquée® et quels sont les risqués

XXXXXXXXXXXXXXXXXXXXAXXXXXXXXAXXXXXX XXX XXX X

11.0u vendez/ous vos produit® Quand? Quel est le pourcentage de la consommation

familial par rapport la récolte totae ?

XXXXXXXXXXXXXXXXX XXX XKLL XXX XXX XXX
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Culture

Rendement

(kg/ha)

Prix(dt/kg)

Subvention
(dt/ha)

Eau
(m3/ha)

Semences
(dt/ha)

Engrais
(dt/ha)

Produits
phytosanitaires
(dt/ha)

Engins
agricole
(dt/ha)

Main
R Q dzdz(
(dt/jour)

Nécessité

de la main
R Q dzdz¢

(heure/ha)
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' GAtAALGAZY RS QS|

1. vdzSttS Sad

vous utilisez eselle limitée? 2 YY Sy (i

as Tl Al

fqlie vijudzvez @ritated ) RCdB ettt la quantité d'eau que
fS O2yiNRf S

XXXXXXXXXXXXXAXXXXXXXXAXXXXXXXXXXXXXX XXX XX

2. vdzSt f Sa

selon la sourcé

a 2 dzNIEIS? QRél& lculnredzirigavdusid® thaque sourcle prix

Source

Prix (dt/m?)

Quantité (n?)

fixe variable

Appliquée | Max

Cultures

Explication

(Puitsp | NNJ

Superficielle

Souterraine

Eau traitée

3. Avec ces quantités, av&r 2 dza
LJ2 dzNJ | LJLJ2 NI SNJ f |

adzZFFAAL YYSy i ? & oSduaiaiteddudzNI £
lj Azbuisiillaghul) RQSE dz ySOSaal Al

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
4. vdzSt Said £S Y2RS? RS RAaAUNROdziAZ2Y RQSI dz

5./ 2Y0ASYy 02dzi S

o Grvitaire

o Encharge

0 I dZANBXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
f QAy adl t 2 poutle 2 goutiPQslagisio® idotP?s Y !
guelle durée de vie ont ces systénies

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX
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6. Combien de puits avemus? et quelles sont ses caractéristiquzdébit de pompage (fidh) ?
durée de pompages (h/joug O2YYSy &G &S FFLAG tF 3ISaGA2Y
GCombien d'hectares irriguerous avec chaque puits

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX X

7.1 2Y0ASY 02dziS f QSBANI OGA2y RS fQSldz 6RGK D

XXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX X XXX

8. Avezvous des cultures irriguées avec des eaux traifégselles sont ces cultur@ssuperficis

irriguées aves eaux traitéés |j dz Y G A GS? RQSIF dz NI AGSS
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX

9. dvous avez la possibilité d'irriguavec de 'eau traitégvous préfére utiliser de I'eau fraiche

j dzS eRWSraitée?
o Oui
o Non

10.Si oui, seriezvous prét a payer un plus pour iliger l'eau douc® Combien (%)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX

11.Pour lesquelles des raisons suivantes vous ne préférez pas l'eau ffaitée

o Vous avez la quantité necessaire pour vatuure

o Ne fates pas confiance a la qualité de cette eau

o +2dzda LISyasSl 1jdzS OS GeLlsS RQSkHdz yS acf
I ANRK Odyf (0 SdzNA X

o +2dza LISy asSl |[jdzQl SO O Svoilipud de diffof®sS & étrg
venduou bien vendua un prix inférieur

12vdzSta GeéeLlSa RS NBaAaOGNAOGA2Yya 2d?RS& 20all «

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX X
13.Pour vous, il est importart'économiser de lI'ea@
0 Reduction des colts
0 Approvisionnement insuffisd en eau douce ou en eau de surface
o alyljdzZS RQSIdz RFya S FdzidzNJ

0 Raisons environnementales

142



6 MAD WATER 6 MAD WATER

al Ay RQd7dz8NB

=

| 2Y0ASY RS Y| Noflis beidztadilgg? con@edtée fixe® par saisor?

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX,
vdzSt £ §a az2yi f Sa (dDKBBEA RS A NI RIVii AROYEZHZONE
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX X X X XOMXHXAKK

Combien coltda mainR U dZOZE/MAEE) 2.........ccoeveviveceee et ee et en e

Financement et subvention

Vous recevez du financement ou des subventidn®us demandez wréditbancaire? Qui

finance votreactivité agricole?

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XD

Vous recevez financement o subventiancourt terme (financement de semences, fumier,
SYaNIPA&XD

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X

Vous recevez financement o subventidtongterme (engins agricoleéquipementsR Q A NNA I
LJdzA ?& X 0

XXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXX XXX XX

Les subventions sont faites par hectare ou bien par rendement des cuRures

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
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Politique agricole

1. Y at-il des politiques qui affectent votractivité ?Quelles sonf

XXXXAXXXXXXXXXXAXXXXXXXXAXXXXXXXXAXXXXXX XXX XX

2. Y at-il une politique qui vous oblige a cultiver des cultures stratégiquesielles sont ces

culturesstratégiques?

XXXXXXOXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX

Commentaires

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X
XXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXX.
XXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXX XX
XXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXX .
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Annex3: Fieldworksphotos
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