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Introduction

e Europe calls

* Horizon 2020 . .

Dr. Ayman Yousse f, NWRC




The Madforwater Consortium

» 18 partners: 13 research insitutions, 4 SMEs, 1 international organization (FAO)

» 11 countries » 5 partners from North Africa
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The selected basins

Souss-Massa

Cap-Bon and
Miliane |

Egypt

North Eastern
Nile Delta
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The Madforwater 3-phase strategy:

1) Analytical phase

4

Development of tools to enhance the
capacity to analyse water stress and
vulnerability in Tunisia, Egypt and Morocco,
as well as their impact on food security and
socio-economic development




The Madforwater 3-phase strategy:

a)

b)

2) Technological phase

&

Lab-scale development of technologies for
wastewater treatment and efficient wastewater
reuse in agriculture, and technology adaptation
to Tunisia, Egypt and Morocco (completed)

Scale-up and validation of selected technologies
in 4 demonstrator plants to be installed in
Tunisia, Egypt and Morocco (plants construction
in progress; start up in March-April 2019)



The Madforwater 3-phase strategy:

3) Implementation phase

4

a) Development of sustainable water
management strategies for 3 hydrological
basins in Egypt, Morocco and Tunisia

b) Industrial exploitation activities (business
plans for the MADFORWATER SMEs)

c) Capacity building activities

d) Policy recommendations



The Madforwater 3-phase strategy:

3) Implementation phase

4

a) Development of sustainable water
management strategies for 3 hydrological
basins in Egypt, Morocco and Tunisia

b) Industrial exploitation activities (business
plans for the MADFORWATER SMEs)

c) Capacity building activities

d) Policy recommendations



work packages

WP8 Coordination and management

wWP1
Water and water-related

vulnerabilities in Egypt, Morocco and Tunisia

Integration and assessment
of water and land management
strategies, policies and exploitation

WP2
Adaptation of WW treatment
technologies for agricultural reuse

WPS
Strategies and economic
Instruments for basin-scale
water resources

Field pilots for the adaptation and
integration of technologies

WP7 Dissemination, communication and capacity building
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Summary



WENE\EIE,
Treatment

Irrigation
Technology

e Municipal

e Textile

e Fruit package
e Drainage canal

e Mini-sprinkler (droplets)
e Calibrated Nozzles

e Modernization of surface irrigation
(OptGate)

e Plant growth promoting Bacteria

Dr. Ayman Youssef, NWRC
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Wastewater treatment technologies selected for scale-up:
Municipal wastewater

Innovative nitrifying
trickling filters Constructed
m—) Sedimentation — wetlands
(pharmaceuticals,
metals)

Macrophytes I
e K . il '\I Ir
e \ i AL
& AR b
\ »
»

Graded gravel Drainage Outlet




e Demonstrator n. 1: Municipal Waste Water
WW treatment section (code: 1-WW)

 Demonstratorn._____ |1wWwW
WW treatment

Municipal

Tunisia

Chotrana 2 WWTP

Selected treatment Nitrifying trickling filter

train Secondary settler

Constructed wetland (proposed, to be confirmed by SKE)

Chemical disinfection

Final tank to store the treated WW,; the irrigation pump will take water from this
tank

Roles of partners SKE: in charge for designing, constructing and installing the plant, including the final
tank to store treated WW, and for the required plant maintenance

UMA: in charge for the monitoring activity

March 2019 - equipment delivered to the site and installed
April 2019 - plant start-up

Flow rate, COD, BOD, NH3, NO3-, Total N, P, TSS, Fecal coliforms, Intestinal
nematodes, Metals, Viruses

Dr. Ayman Youssef, NWRC
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Wastewater treatment technologies selected for scale-up:
Textile wastewater

Anaerobic / aerobic

moving bed ,
biolo icalgreactor ) SleRr Uk
5 sedimentation

Adsorption on
—> P

(dyes) innovative resins
(dyes)
Fresh NaCl solution (7%) ! : Adsorption reactor

‘Control system, pumps

by resin regeneration and regeneration system
I T s 037 ¥ .




Demonstrator n. 2: Textile wastewater
WW treatment section (code: 2-WW)

Demonstrator n. _

Type of activity WW treatment
Type of WW Textile
Tunisia

Nabeul, G-Tex textile industry, Tunisia
Selected treatment train Coagulation / flocculation
MBBR
Dye adsorption on non-magnetic resins
Final tank to store the treated WW; the irrigation pump will take water from this tank
Sludge drying beds on gravel
The plant will be designed so as to allow the possibility to: a) bypass the coagulation/flocculation unit,
b) place the coag/flocculation unit after the MBBR.
Since TWW is generally poor in N and P, the plant will also need a dosing system to supply N and P as
necessary.

YVVVYVY

Roles of partners SKE: in charge for designing, constructing and installing the plant, , including the final tank to store
treated WW, and for the required plant maintenance
UTM: in charge for the monitoring activity

Timing March 2019 - equipment delivered to the site and installed
April 2019 - plant start-up
Monitored parameters Flow rate, COD, BOD, NH3, TSS, Fecal coliforms, Intestinal nematodes, Dyes, Metals
Dr. Ayman Youssef, NWRC 22



Wastewater treatment technologies selected for scale-up:
Fruit packaging wastewater

Flotation / _ :
Aerobic moving

flocculation
(fungicides, m—) bed biological

suspended solids)

Adsorption on
—> P

reactor activated carbon
(fungicides)




Demonstrator n. 3: fruit and vegetable packaging
wastewater
WW treatment section (code: 3-WW)

Demonstratorn.___ sww
W treatmert

Fruit and vegetable packaging

Kabbage company, Taroudant, Morocco

Selected treatment train MBBR + supply of activated carbon

Coagulation / flotation

Disinfection with UV lamp

Final tank to store the treated WW; the irrigation pump will take water from this tank
Sludge drying beds on gravel

VVVVYY

Roles of partners KWI: in charge for designing, constructing and installing the plant, and for the required plant
maintenance
IAV: in charge for the monitoring activity

Timing ?? = equipment delivered to the site and installed
?? - plant start-up
Monitored parameters Flow rate, COD, BOD, NH3, NO3-, TSS, Fecal coliforms, Intestinal nematodes, fungicides
Dr. Ayman Youssef, NWRC 24



Wastewater treatment technologies selected for scale-up:

Drainage canal water

71

In the Nile Delta, drainage canals are largely used

for irrigation and contain a mixture of:

- drainage water recycled from the irrigated
fields

- untreated or partially treated municipal WW

- untreated or partially treated industrial WW

Sedimentation &

lagooning (BOD, N, P, m===) | Constructed wetlands (BOD,
suspended solids) N, P, pathogens)




Demonstrator n. 4: drainage canal water

Water treatment section (code: 4-WW)

ememrrn
Drainage canal water (DCW)
Lake Manzala Experimental Station, Egypt

Selected treatment train The technology that UNIBO is developing for DCW (canalized lagoons) needs to be integrated by other technologies, in order to develop
a robust and effective treatment process. Therefore, UNIBO and NWRC agree to integrate the lagooning technology into the DCW
treatment pilot plant on which NWRC has been working during the first 2 years of project activity (the Lake Manzala Engineered
Wetland Project, or LMEWP). The DCW demonstrator will therefore include a combination of sedimentation, lagooning and wetland. In
particular, a portion of the LMEWP will be modified and utilized as MADFORWATER demo. The actual details of the tested treatment
train(s) will be defined by UNIBO and NWRC by the end of September 2018 and specified in Deliverable 4.1.

Roles of partners NWRC & UNIBO: in charge for the joint designs of the demo
NWRC = in charge for constructing and installing the plant, for the required plant maintenance and for the monitoring activity

The timing will be defined by the end of September 2018.

Monitored parameters Flow rate, COD, BOD, NH3, total N, TSS, Fecal coliforms, Intestinal nematodes, viruses.
Dr. Ayman Youssef, NWRC 26



Irrigation technologies (1)

= Mini-sprinkler adapted to dry climates and treated
 wastewater

* Objective 2 to develop a low-cost mini-sprinkler that:

* thanks to the production of droplets in the 0.5-2.5 mm
range, minimizes pathogen dissemination due to aerosols
issued from the smaller droplets

* minimizes water loss by evaporation, thanks to the control of
droplet size

* resists to the potential clogging related to the use of treated
wastewater

* The control of the particle size distribution is achieved through
the combination of nozzle size, defector’s canal shape and
rotation velocity.




Irrigation technologies (2)

Calibrated nozzle for localised irrigation, adapted
to dry climates and treated wastewater

* Objective 2 to develop an emitter, alternative to drip irrigation
emitters, capable to operate with treated wastewater with just a
rough filtration at 1 mm size.

* This characteristic is obtained by a high discharge rate (1-4
L/min), that prevents any deposit in the emitter that may lead to
clogging and decrease the distribution uniformity and hence the
irrigation efficiency.

* The high discharge rate, that may result in runoff, is balanced by
the capacity of the emitter to operate for short cycles (typically
one-minute frequent pulses), to deliver the required irrigation
volume.




Irrigation technologies (3)

Modernisation and increased efficiency of traditional
surface irrigation in Egypt

* Objective = to convert Mesgas and Marwas (open irrigation
channels) into optimized pressurized pipes, equipped with
hydrants that supply water to downstream gated pipes, provided
with calibrated nozzles and feeding fields furrows.

* This distribution system allows to maintain in the long term
water delivery efficiency, to reduce drainage volumes and
therefore, to improve water quality in favor of a greater quantity
of fresh water available upstream.

* To minimize energy and maintenance cost, the localized system
design was adapted to operate at low pressure (around 0.5 bar).
The high discharge rate of the proposed nozzles largely reduce
emitters fouling and clogging, problems commonly encountered
when irrigating with poor water quality.




Irrigation technologies (4)

PLANT GROWTH PROMOTING BACTERIA ¥, Tomato (var. Camone)

Control plants not bacterised were

TO ENHANCE CROP RESISTANCE TO compared to plants supplied with s
WATER SCARCITY T alvaon T

- 4 strains significantly
increased water productivity
(kg tomatoes / m3? water)
both in the case of full
irrigation and severe deficit
irrigation

v Full irrigation
V' 75% deficit irrigation
v' 50% deficit irrigation

WATER PRODUCTIVITY (tomato yield/water consumed)

m \WATER DEFICIT = FULL IRRIGATION



Irrigation section (code: 1-IRR)

 Demonstratorn. ________________________|2RR |
Irrigation
Textile
Tunisia
AT G-Tex textile company, Nabeul
2500 m2

Selected crop Corn from April to October

Irrigation technology 1 Calibrated nozzle. 1 nozzle every 2 corn plants. In the optimistic hypothesis that Rolland will be able to produce a mold by December

2018 / January 2019, the entire field will be irrigated with the innovative nozzle. If the mold will not be available by that time,
Rolland will provide 16 innovative nozzles for this irrigation pilot, that will be compared to commercial nozzles in the rest of the field.

Experimental scheme 32 plants (= 16 nozzles) for each experimental condition.
Variables: treated TWW / freshwater; innovative nozzle / commercial nozzle = 3 experimental conditions (tTWW + innov. nozzle;
tTWW + commercial nozzle; freshwater + commercial nozzle); 32 x 3 = 96 plants; 16 innovative nozzles + 32 commercial nozzles are

required.

Roles of partners Rolland = in charge for designing, constructing and installing the irrigation network, and for the periodic maintenance of such
network

UTM -> in charge for planting the crops, monitoring the irrigation process, evaluating the crop yield and other performance
parameters.

March 2019 - equipment delivered to the site and installed

April 2019 = crops planted, start of irrigation & monitoring

Monitoring parameters Crop parameters:

- Crop production yield (kg.,,,/ha)

- Water productivity (kg,.,/m3 water supplied)

Irrigation parameters:

- water volume supplied daily

- homogeneity of the flow rate measured at the different nozzles of a same pipe

Dr. Ayman Youssef, NWRC 31



Irrigation section (code: 3-IRR)

Demonstrator n.

Type of activity

Type of WW

Country

Location

Field surface

Selected crop
Irrigation technology 1

Experimental scheme

Roles of partners

Monitoring parameters

Irrigation

Fruit & vegetable packaging

Morocco

Kabbage company, Taroudant

.. m2

Citrus trees = which type exactly?

Mini sprinkler. 1 sprinkler for each tree. In the optimistic hypothesis that Rolland will be able to produce a mold in time, the entire field will be irrigated with
the innovative sprinkler. If the mold will not be available, Rolland will provide 16 innovative sprinklers for this irrigation pilot, that will be compared to
commercial sprinklers in the rest of the field

16 plants (= 16 nozzles) for each experimental condition.
Variables: treated FVPWW / freshwater; innovative sprinkler / commercial sprinkler / existing drip irrigation; SIM irrigation / traditional irrigation
- the following experimental conditions will be tested:

treated WW innovative sprinkler SIM
treated WW commercial sprinkler SIM
treated WW commercial sprinkler no SIM
freshwater commercial sprinkler SIM
freshwater commercial sprinkler no SIM
freshwater existing drippers no SIM

Total: 6 thesis x 16 trees = 96 trees

Rolland = in charge for designing, constructing and installing the irrigation network, and for the periodic maintenance of such network

IAV = in charge for monitoring the irrigation process, evaluating the crop yield and other performance parameters, applying the irrigation modeling software
IAMB - in charge for the training on the use of the irrigation modeling software

?? to be defined after the meeting of July 18
There is a problem relative to the poor overlapping between WW production season (October to April) and irrigation season (February to September?) = it is
agreed that irrigation will be performed with the FVPWW when the latter is produced, and with the plant’s MWW during the other months

Crop parameters:

- Crop production yield (kg,,,/ha)

- Water productivity (kg.,/m3 water supplied)

Irrigation parameters: Dr. Ayman Youssef, NWRC 32
- water volume supplied daily

- homogeneity of the flow rate measured at the different sprinklers of a same pipe



Demonstrator n.
Type of activity
Type of WW
Country

Field surface

Selected crop
Irrigation technology 1
Experimental scheme

Roles of partners

Monitoring parameters

Irrigation section (code: 3-IRR)

Irrigation

DCW

Egypt

Lake Manzala NWRC experimental station

4-5000 m2

Suger beets (winter) + Cotton (spring)

Gated pipe

About 1000 m2 (20 x 50 m), corresponding to 20 nozzles, will be dedicated to each experimental condition.
Variables: treated DCW/ raw DCW; gated pipe/ traditional furrow irrigation.
4 experimental conditions:

tDCW, gated pipe

tDCW, traditional furrow irrigation

raw DCW, gated pipe

raw DCW, traditional furrow irrigation

IAMB clarifies that the SIM model will not be applied in Egypt. The reason for this is that, according to the current irrigation practice in the Nile Delta, the amount of irrigation water to be
supplied to each parcel, and the irrigation schedule, are decided by the irrigation authority. Therefore, the farmer cannot change or optimize the irrigation schedule decided for his parcels.

Rolland > has already provided to IAMB the required calibrated nozzles
IAMB - in charge for designing, constructing and installing the gated pipe, and for the periodic maintenance
NWRC = in charge for planting the crops, monitoring the irrigation process, applying the irrigation modeling software and evaluating the crop yield and other performance parameters

To be evaluated by the end of September.

Crop parameters:

- Crop production yield (kg.,,/ha)

- Water productivity (kg,,,/m3 water supplied)

Irrigation parameters:

- water volume supplied daily

- homogeneity of the flow rate measured at the different nozzles of a same pipe

- ratio of (drainage water collected) / (irrigation water supplied) for each experimental condition tested

Dr. Ayman Youssef, NWRC
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