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H (Static head):
vertical height from the dynamic water
level to the highest point of delivery.

B (Drawdown):

Lowering of water level depending on
flow rate and recovery rate of the well.

D (Pipeline inner diameter)

L (Pipe length):

Entire pipeline from the pump outlet to
the point of delivery. Ellbows and
armatures must be added as an
equivalent length of pipeline.

M (Motor cable):

The cable between controller and pump
unit.

T (Tilt angle):
Angle of the PV generator surface from
the horizontal plane.

Total dynamic head:

Static head plus pressure losses in the
pipeline as height of a water column
with the equivalent pressure.

GOAL ETHIOPIA
WASH DEPARTMENT
October 2025



Design document for the solarization of Boreholes in Tigray, Afar and Somali Region
1. Introduction

Access to reliable, affordable water is essential for sustainable development and community well-being.
Many water supply systems in Ethiopia—particularly in Tigray, Afar and Somali regions—are struggling to
provide consistent service. Systems in Tigray and Afar have been severely affected by the Northern conflict
and continue to depend on aging, poorly maintained generators and unreliable grid connections that
suffer frequent mechanical failures. These technical vulnerabilities, together with rising fuel costs, leave
communities with inadequate service levels and increased exposure to water-borne disease.

Solar power presents a practical, long-term solution. Converting water supply schemes to solar-driven
systems removes the recurring fuel costs and operational uncertainty associated with generators, while
delivering a clean, renewable and widely available energy source. Solarization can therefore improve
service reliability and align the systems with broader sustainability objectives.

The borehole data summarized in Table 2 and the 10-year demand calculations in Table 1 were reviewed
with key design factors in mind—public utility needs, system losses, climatic conditions and socioeconomic
realities. Using a planning standard of 20 liters per capita per day (I/c/d), the assessment shows that
current systems are performing below both the installed pump capacity and the borehole safe yield.

GOAL with the Cost Modification Funding from USG-DOS Foreign Assistance Office plans to Solarizing the
four selected Deppe Well water supply systems in the targeted woredas of the three regions is a strategic
investment. It will reduce operating costs, stabilize water delivery and significantly enhance the quality of
life for the affected communities.

2. Objective

Overall objective:
e To assess the technical viability of the selected deep wells and existing infrastructure for conversion
to solar-powered water supply systems, and to evaluate the capacity and gaps in local WASH
service management.

Specific objectives:

e Determine whether the selected deep wells and associated structures can reliably produce
sufficient water to support a solarized pumping system (including comparison of installed pump
capacity and borehole safe yield).

e Assess the current capacity of WASH committees and identify governance, operation &
maintenance, financial and institutional gaps that require improvement.

e Collect and analyze primary and secondary data on water demand, borehole
characteristics/performance, and water quality to inform design and implementation.

3. Designing the PV system for an AC pump with Inverter

For each of the sites the following points have been considered in the calculation of Water Demand:

e The total population benefiting from each system and average daily consumption of the individuals
which is 20 I/person/day.

e Water loss and public consumption were considered 40%.

e We assumed the average life span of the equipment being used in this project is around 15 years. But
we took 10 years as the systems are old and lacks qualified professionals who take care of the system.



WSP POPULATION PROJECTION & DEMAND ANALSIS FOR THE DESIGN PERIOD

Dem. Total Dem. Total [Dem.Total |Dem. Total |Required
No. |Village / PA NameVillage / PA Name Woreda "“""f;‘ms "“"":;‘030 ;"')‘;“5’" popn """f;:z‘s 2025 (max z:"; I"';' i:“l:‘;" ?;"; I"';' :‘ols;s 2025 2030 2035 Discharge
pop pop! pop day), inl/s |(Max cav)y inls |(maxcavl intis lm3/day)  |(m3/day)  [(m3/day) |q/s)
1|Farda Kebribeyah 4000 4751 5642 1.40 1.40 1.40 112.00 133.02 157.99 5.49
i Awura 4000 4751 5642 1.40 1.40 1.40 112.00 133.02 157.99 5.49
3[Negash Eastern 2200 2613 3103 1.40 1.40 1.40 61.60 73.16 86.89 3.02
4|May Nebri 4500 5345 6348 1.40 1.40 1.40 126.00 149.65 177.74 6.17
Average day Domestic per capita per Human Live stock Public \ water loss | socioeconomic | climatic |
in 2025 20 0 0.1 0.1 0.1 0.1
in 2030 20 Total factor for design of source, pump & pressure raiser 0.40
day (Ipcd) in 2035 20 Dem. factors [ 0.0
Figure 1 Water demand calculation
3.1 Farda WSS
.
3.1.1 Basic Data
Summary of Primary Data
Type of Existing water pumping system
(Borehole or Surface Pump) BH
Existing Borehole History
Region Somali Statis Water Level (m) 100 Solar Energy related data
Zone: Fafan Distance from water scheme-BH to 20m
Drowdawn (m) 20 proposed solar modules (m)
i ) How long it takes for the pump to fill the .
Woreda: Kebribeyah Dyanamic water level (m) 120 existing reservoir (Hr.) 1 hr 25 Minutes
Kebele: Farda Safe Yield (m3/hr) 25 Generator Size (Power) 40 KVA
Project/Water Source Location-GPS Borehole Depth (m) 240 Generator Efficiency 0.8
Latitude-N 9.045562 DD Borehole Diameter 8" Generator Running time 8hr
Longitude-E 43.013836 DD Pump Intake level (m) 72 Water Pumping yield (from pump) 5.91/s
— d Distance from BH head to tank (running o ting (P kw) 11 KW
ater Deman Sl 165m otor power rating (Pump-Kw,
Population size (base-2025) 4000 Static Lift above Ground (BH & Reservoir) |12 M Existing cable wire size 3*16 mm’
Growth Rate (%) 3.50% Tank Height and Size 3mand 25 M* pipe materials and size Gl 3"
No. of Elbows in the pipe line 6
No.of gate valves 1
No. of non-return valaves 1

3.1.2Yield of the water source available to the solar powered water system

Considering the primary information the total Head is 92 meters and required discharge is 19.76 m*/hour

(5.49 I/sec) the pump required will be 9.2KW.

Hydraulic Power:

Formula: P, = pgQH with p = 1000kg/m®, g = 9.81m/s?,

Stepwise:

e pg =1000x 9.81 = 9810

e pg xQ =9810 x 0.0054888 = 53.846(W per meter of head)

e P, =53.846 x92 =4,953.832 W. So Hydraulic power 4.953 kW.

Pump shaft power and motor input

Pp

Use Pshaft =

Npump

and Pmotor—in -

_ Pshaft

Nmotor

Take a conservative pump efficiency = 60% (0.60) and motor efficiency = 90% (0.90):

o Poage = ol = 8255 kW
8.255
L Pmotor—in = W = 9172 kW

So with those efficiencies the input power required = 9.2 kW.
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3.1.3 Yield of the water source available to the solar powered water system

The woreda Water Office indicated that the safe yield of the borehole is 25m?3/hr (6.91/sec). Considering the
required demand at the end of the design period an average of 5.49 |/Sec was considered for designing
the solar power requirements.

The water demand of the design period is 5.49 I/s, which is less than the safe yield of the borehole.
Therefore, the discharge rate of the pump does not exceed the safe yield of the borehole.

3.1.4 Designing the PV system for an AC pump with Inverter

The PV system design will be managed and done by using Grundfos or LORENTZ web and software-based
design, whichever the result with optimum sizing will be selected. The below listed specifications of solar
system components are the minimum requirements for selected solarization of water supply scheme.

Assumptions:
e Pump electrical rating: 9.2 kW (continuous).
e Daily run time:7.5 hours/day.
e Peak Sun Hours (site): 6.8 kWh/m?/day.
e System performance factor (losses): 0.80.
e PV module (assumed representative for 615 W module):
0 Vip=415V,Voe =495V, lp = 14.82 A, I.c = 15.56 A.
e Inverter: 11 kW, 3-phase (400 V) (you specified).
e Power factor for AC current calc: 0.9 (typical).
e All currents/power rounded sensibly.

Energy & PV array sizing
e Daily energy required = 9.2 kW x 7.5 h = 69 kWh/day.
e Energy produced per kWp = PSH x system_eff = 6.8 x 0.80 = 5.44 kWh/day per kWp.
e Required PV kWp = 69 + 5.44 = 12.684 kWp (= 12.7 kWp).
e Panels required = 12.7 + 0.615 = = 20.7 — round up — 21 panels.
e Installed array (chosen) =21 x 615W = 12,915 W = 12.92 kWp.

So, we need 21 x 615 W panels (=12.92 kWp) to meet the 9.2 kW pump for 7.5 h/day at 6.8 PSH (with 0.80
system efficiency)

Inverter Sizing Note:
e Pump=9.2kW.
e We assumed 11 kW inverter: that gives a margin of ~1.20x motor rating (11 /9.2 = 1.196), which is
acceptable for many installations (it helps with overloads/starts).

String Layout
The input voltage of the selected inverter is 400V. So, the string configuration should consider this. The
proposed layout is 7 Panels in Series X 3 Strings (7S X 3P = 21 Panels) equals to the exact panel calculated.
o Vppperstring=41.5Vx7=290.5V.
o V. perstring (STC)=49.5V x 7 =346.5 V.
e | perstring=14.82 A.
e Total DC current =3 x 14.82 = 44.46 A.
e Array DC power Vi, 290.5V x 44.46 A = 12,915 W (matches 21x615 W).

The Voc Per string is within the input voltage of the selected inverter (400 V).
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AC current & breaker sizing (for the 11-kW inverter / 400V, PF 0.9
e AC current at inverter rated power (11 kW):
liw = 11000/ (v'3*400*0.9)
=17.65A
AC breaker sizing (1.25x inverter rated current): 1.25 x 17.65 =~ 22.06 A — choose a 25 A AC breaker
for the inverter output circuit.

DC protection & combiner sizing
e Per-string lsc # 15.56 A — choose 20 A DC string fuse
e Total DC MPP current = 14.82*3 = 44.46 A — combiner sizing = 1.25 x 44.46 = 55.6 A — use a 60-
63 A DC combiner/isolator
® lsctoal =3 x 15.56 = 46.68 A

Configuration
e Minimum No of Strings: 3, No of Pannels Per String: 7; Tilt Angle: 11°; Azimuth: South

Company name: GOAL Ethiopia

N Created by: WASH Team
Phone: 0912101888

GRUNDFOS »\ : R
Email: hkedir.yasin@gmail.com
Date: 20/10/2025

Project: Water Supply System Solarization  Client: GOAL

Reference Number: Farda WSS, Somali Region Client Number: 0912101888
Contact: Kedir Yasin

Installation and Input Sizing Results

Water production, Peak flow and Price

Total water production per year: 61100 m*

Avg. water production per day: 167.5 m¥day

Average water production per watt per day: 13 /'Wp/day

Solar module configuration:

Number of solar modules in series: 7, in parallel: 3
Solar array rated power: 12.92 kW

Solar array rated volts: 311V

Sun tracking: No (fixed)

Tilt angle: 9 deg.

Typical performance at solar radiation 800 W/m*
Flow: 20.6 m¥%h
Total head: 91.9m

Cables and pipes:
Pump cable length: 82 m
Pump cable size: 25 mm?
Total cable loss: 1.4 %

Material, riser pipe: Galvanized steel

Pipe size (inner diameter), riser pipe: DN 80 (81 mm)
Material, discharge pipe: Galvanized steel

Pipe size (inner diameter), discharge pipe: DN 80 (81 mm)
Pipe length of riser pipe: 72 m

Pipe length of discharge pipe: 165 m

Friction loss, discharge pipe: 5.108 m

Total friction losses: 7.875 m

Location: Somali, Ethiopia
Latitude: 9.045562 DD, Longitude: 43.013836 DD




Company name: G0AL Ethiopia
w Created by: WASH Team
GRUNDFOS '\ feo= o
Email: hkedir.yasin@gmail com
Date: 20M V2025
Project: ‘Water Supply System Sclarization  Client: E0AL
Reference Number: Farda W55, Somali Region Client Number: 0212101888
Contact: Kedir Yasin

92953229 SP 18-16 N
sak.. BEE——

Flow: 158mday ()

Mot for string: July

Statc I above gmund: 12 m

Dynamlc waler lavaell 72 m

Eun fracking: Mo (flxed)

Location: Somall, Ethinpia

Latitude: 9. 045562 DD, Longltude: 43 013838 DO

Pump: 5F 16-16 N, 1 x 92953229

Solar module: 21 x NN E15W

Switch box § control unit: R51 3x20E-240 IPGE 11K 434, 1 x
53050633

Swiich box § control unit: OTDCP16, Clrcwlt Breaker, 16Amp, 3 x
8341685

Switch box / control unit: CVR PV 40-1000 P, Surge Protection, 1 x
53341667

Water production, Peak flow and Price

Todal waler production per year: §1100 m?

Avg. waler production per day: 167.5 myday

Ayerage water production per wati per day: 13 VWoiday

Solar moduls configuration:

Wumoer of solar modules In sefes: 7, In paralle: 3
Solar array rated power 12.52 KW

Solar array rated volts: 311 W

Sun tracking: Mo (Mxed)

Ti angle: 3 deg.

System performance - monthly averags

Typleal performanca at solar radiation 800 Wim:
Flow: 206 m@h
Total haad: 91.9m

Cables and pipas:
Pump cabis lsngih: 52 m
Pump cable skze: 25 mm?
Tolal cable loss: 1.4 %

Material, dser plpe: Galvanized steel

Pipe slze (Inner diametar), nser ploe: DM 50 (31 mm)
Material, dischange plpe: Galvanized steal

Pipe slze (Inner diametar), discharge ploe: DN &0 (31 mm)
Pipe length of rsar plpe: 72 m

Pipe length of discharga plpe: 165 m

Friction koss, discharge plp=: 5,108 m

Total friction losses: 7875 m

Jan |Feb |Mar |apr |May [Jun |Jw |aug |Sep |Oet |Mov |Dec
VWater prouction [miday] 1731 [176.7 [172.8 [154.6 [154.0 [153.3 (157 [183.3 [188.5 [153.4 [171.7 [172
Energy production Solar [kWhigay] |o24 (278 [s0a8 [s13 [s2o [sos4 [75s5 |e0s |ess |eoo (900 [oo7
Radlation horizontal RWhim* day]  |7.3 |81 |78 |72 (7= [ra4 [e® |72 7= |er |72 |7
Readlation tit [kWhim® day] g0 |es [re [r1 [r1 [ez [e= ez |74 7o |73 |ra
Avg. Temp. ["C] 17.6 |120 |204 |202 |204 [438 |47 |177 |197 |492 |120 |72
Diata location: Lattude: O DD, Longitude: 43 DD
Wai=r produstion - monthiy Viaer producion - daly. July
mih
20
15
104
=
o
JFMAMIJIJIASOHND D 2 4 6 B0 13 16 10 22
Mondh Time of Day




Company name: DAL Ethiopia

w Created by: VVASH Team
GRUNDFOS »\ oUAI0IEEE
Email: hiedir. yasing@gmail .com
Date: 21072025
Project: VWater Supply System Solarization  Client: Z0AL
Reference Humber: Farda WSS, Somali Region Client Mumber: 0812101388
Contact: Fedir Yasin
Description Valua
‘General Information:
Product name: RSl 3x208-240 IPGE 1 1KW 48A.
Product Moo 09090638
EAN number: 3712606550460
Technlcal: .
Approvals and markings: CE X
Iinstaltation:
Range of amblent femparature:  -10.. 60 °C
Redathe numidity 100 %
Lbgquid:
Pumped llguk: Wiater — - y
Electrical data: e q
Rated pawer - P2: 11 KW ETh
Malns frequency: 507 60 HZ 11
Rated voitage: 3% 208-240 W i ==
Enciosure class [IEC 34-51 IP5E | "
Rated voltage cutput AC: 220V el i 81
voltage nput DC: 400 e |
Rated current output AC: a5 A ':Jf |
U 230
Oihera: -
Met welght 14,5 Hg -
Gross walght: 16.3 kg
Description Valua
Ganeral Information:
Product name: OTDCP16, Clrcuk Breaker, 164mgp
Product Moo 93341656
EAN number: 3711483259296
Description Valua
Ganeral Information:
Product name: OVR P 40-1000 P, Surge Protection
Product Moo 93341637
EAN number: 3711483259302




2.2 Sidehamelef WSS

2.2.1 Basic Data

Summary of Primary Data

Type of Existing water pumping system

(Borehole or Surface Pump) BH

Existing Borehole History 0
Region Afar Statis Water Level (m) 278 Solar Energy related data

Distance from water scheme-BH to

Zone: Zone 4 20m

Drowdawn (m) 6 proposed solar modules (m)

: How long it takes for the pump to fill the
R Awura Dyanamic water level (m) 284 existing reservoir (Hr.) 4hrs
Kebele: Sidehamelef Safe Yield (m3/hr) 35 Generator Size (Power) 80 KVA
Project/Water Source Location-GPS Borehole Depth (m) 348 Generator Efficiency 0.8
Latitude-N 12.160008 DD Borehole Diameter 8" Generator Running time 4 hr
Longitude-E 40.556962 DD Pump Intake level (m) 285 Water Pumping yield (from pump) 61/s
—— d Distance from BH head to tank (running R - . 26 KW
ater Deman dlisiatneg) 394m otor power rating (Pump-Kw)

Population size (base-2025) 4000 Static Lift above Ground (BH & Reservoir) |25 M Existing cable wire size 3*25 mm2
Growth Rate (%) 3.5% Tank Height and Size 3 m height 100 pipe materials and size Gl 3"

No. of Elbows in the pipe line 6

No.of gate valves 1

No. of non-return valaves 1

2.2.2 Yield of the water source available to the solar powered water system

Considering the primary information the total Head is 321 meters and required discharge is 19.76 m*/Hour
(5.49 I/sec) the pump required will be 30KW.

Hydraulic Power:
Formula: P, = pgQH with p = 1000kg/m3, g =9.81m/s*>, Q=0.005488 m3/s
Stepwise:
e pg=1000x9.81 =9810
e pgxQ =9810 X% 0.005488 = 53.846(W per meter of head)
e Pp=53846x321=17,284.566 W. So Hydraulic power = 17.28 kW.

Pump shaft power and motor input

Pp

_ _ Pshaft
Use Pshaft - and Pmotor—in -

Npump Nmotor

Take a conservative pump efficiency = 60% (0.60) and motor efficiency = 90% (0.90):

o Pgpe = = 2658 kW
26.58
° Pmotor—in = m = 29.54 kW

So with those efficiencies the input power required ~ 30 kW.

2.2.3 Yield of the water source available to the solar powered water system

The woreda Water Office indicated that the safe yield of the borehole is 35m3%/hr (9.71/sec). Considering the
required demand at the end of the design period an average of 5.49 |/Sec was considered for designing
the solar power requirements.

The water demand of the design period is 5.49 I/s, which is less than the safe yield of the borehole.
Therefore, the discharge rate of the pump does not exceed the safe yield of the borehole.



2.2.4 Designing the PV system for an AC pump with Inverter

The PV system design will be managed and done by using Grundfos or LORENTZ web and software-based
design, whichever the result with optimum sizing will be selected. The below listed specifications of solar
system components are the minimum requirements for selected solarization of water supply scheme.

Assumptions:
e Pump electrical rating: 30 kW (continuous).
e Daily run time: 8 hours/day.
e Peak Sun Hours (site): 7 kWh/m?/day.
e System performance factor (losses): 0.80.
e PV module (assumed representative for 615 W module):
6 Vimp =415V, Vo =495V, o = 14.82 A, I = 15.56 A.
e Inverter: 45 kW, 3-phase (800 V).
e Power factor for AC current calc: 0.9 (typical).
e All currents/power rounded sensibly.

Energy & PV array sizing
e Daily energy required = 30 kW x 8 h = 240 kWh/day.
e Energy produced per kWp = PSH x system_eff = 7 x 0.80 = 5.6 kWh/day per kWp.
e Required PV kWp =240 + 5.6 = 42.8571 kWp (=~ 42.86 kWp).
e Panels required = 42.86 + 0.615 = = 69.69 — round up — 70 panels.
e Installed array (chosen) = 70 x 615 W = 43,050 W = 43.05 kWp.

So, we need 70 x 615 W panels (=43.05 kWp) to meet the 30-kW pump for 8 h/day at 7 PSH (with 0.80
system efficiency)

Inverter Sizing Note:
e Pump =30 kW.
e We assumed 45 kW inverter: that gives a margin of 1.5x motor rating (45 / 30 = 1.5), which is
acceptable for many installations (it helps with overloads/starts).

String Layout
The input voltage of the selected inverter is 800V. So, the string configuration should consider this. The
proposed layout is 14 Panels in Series X 5 Strings (14S X 5P = 70 Panels) similar to panels calculated.

o Vppperstring=41.5V x 14 =581V.

o Vo perstring (STC) =495V x 14 =693 V.

e |mp perstring=14.82 A.

e Total DCcurrent=5x 14.82=74.1 A.

e Array DC power Vn, 581V x 74.1 A = 43,052 W (matches 70x615 W).

The Voc Per string is within the input voltage of the selected inverter (800 V).

AC current & breaker sizing (for the 30-kW inverter / 800V, PF 0.9
e AC current at inverter rated power (30 kW):
leine = 30000/(v/3*800%*0.9) =24.06 A
AC breaker sizing (1.25x inverter rated current): 1.25 x 24.06 =~ 30.07 A — choose a 30 A AC breaker
for the inverter output circuit.



DC protection & combiner sizing
e Per-string lsc # 15.56 A — choose 20 A DC string fuse
e Total DC MPP current = 14.82*5 = 74.1 A — combiner sizing = 1.25 x 74.1 = 92.6 A — use a 100 A
DC combiner/isolator
¢ liiow=5x1556=778A

Configuration
e Minimum No of Strings: 5
e No of Pannels Per String: 14
e TiltAngle: 12°
e Azimuth: South

Company name: GOAL Ethiopia

N Created by: WASH Team
Phone: 0912101888
GRUNDFOS 2»\ : g
Email: hkedir.yasin@gmail.com
Date: 20v10/2025
Project: Water Supply System Solanization  Client: GOAL
Reference Number: Sidehamelef WSS, Afar Region Client Number: 0912101388
Contact: Kedir Yasin
Installation and Input | Sizing Results :

Water proguction, Peak flow and Price

Total water production per year: 56300 m*

Avg. water proouction per cay: 154.3 m¥oay
Average water proouction per watt per day: 3.9 UWp/day

Solar module configuration:

Number of solar moduies In serkes: 13, In paraliel: S
Solar array rated power: 39.98 KW

Solar array rated voiis: 578 V

Sun tracking: No (fixed)

Titangie: 11 deg.

Typlcal performance at solar radiation 800 W/m®
Flow:20.3 m*nh
Total head: 331.7m

Cables and pipes:
Pump cabie length: 82 m
Pump cable size: 16 mm*
Total cabie loss: 1.9 %

Material, riser pipe: Galvanized steel

Plpe siza (Inner dlameter), riser plpe: ON 80 (81 mm)
Materlal, discharge pipe: Galvanized stesl

Plpe size (Inner dlameter), discharge pipe: ON 80 (81 mm)
Plpe j2ngth of rser plpe: 285 m

Pipe length of discharge pipe: 334 m

Friction loss, discharge pipe: 12.2m

Total friction losses: 21.74 m

Location: Sekgzia Shes, Afar, Ethiop
Lathuce: 12 160008 DD, I.ongnude: 40 S56962 DD
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Company name: G041 Ethiopia
w Created by: WASH Team
Phone: 0812101888
GRUNDFOS 2»\ , c o
Email: hkedir. yasim@gmail com
Date: 20010°2025
Project: Yaler Supply System Solarizatiom  Client: 0AL
Reference Mumber: Sidehamelef WSS, Afar Region Client Mumber: 0912101888
Contact: Kedir ¥asin

92941001 SPE 18-48
e

Flow: 158miiday ()
Morh for slzing: July

Siatic It abave ﬂl'l}l.ulﬂl!: 25 m

Dynamic water leval; 285 m

Zun fracking: Mo [flxed)

Lacation: Sekoyta Shet, Afar, Ethicgla

Lahbude: 12.160008 DO, Longhude: 40.556962 DO

Water production, Peak fiow and Price

Total waser produciion per year: 56300 md

&g, water production per day: 154.3 m¥%day

Average water production per watt per day: 3.9 Vwpiday

Splar moduls configuration:

Mumber of solar modules In sefes: 13, In paralial: 5
Solar aray rated power. 39.98 kW

Salar amay rated volts: 578 W

Sun fracking: Mo [Mxed)

Tit angle: 11 deg.

Syatem performance - menthly average

Pump: SPE 15-28, 1 ¥ 92941001

Solar module: B5 x NN E15W

Sadtch Doy comtrol unit B3 33804400 P54 45K T4, 1 %
90645085

Sadtch bax  contral unit: STDCPI6, Clroult Breaker, 16AMp, 58
98341684

Sadtch bax ( control unit OVR PY 40-1000 P, Surge Probection, 1x
98341687

Ohers: Sine-wave fiber, 1% 97774436

Typical performance at solar radiation S00 Wim?
Flow: 20.3 myh
Tolal head: 331.7m

Cables and plpes:
Pump catie length: 82 m
Pump catie s2e; 16 mm-
Total cable oss: 1.9 %

Material, riser plpe: Galvanized steal
Pipe size [Inner diameser), rigar plp=: DM B0 (81 mm)
Maertal, discharge pipe: Galvanized steel

Pipe siZe [ner diameser), tscharge pipe: DM &0 (81 mmj)
Pige langih of fser pipe: 285 m

Pige lengih of dischange plpe: 394 m

Friction ioss, dischange plpe: 12.2 m

Total ¥riction lossas: 21.74 m

den |Fb |War_|apr |May [um |wi |Aug |sep |Oct |Nov_|Dec
1 .

Water produciian [miiday] 1521 [160 624 1651 (1508 1476 [1364 13905 1512 1616 1602 |156.2
Enengy production Solar [kiWhicay] (2221 |241.3 (2463 2534 238.7 2120 [1949 1990 270 2452 |2427 2326
Radiation horizoral [KsV'me day] 3.9 6B 71 T.r T4 6.B 6.0 6.0 B35 6.9 B.5 8.1
Radiaton Ik KWnm* day] 6.4 T 72 7.3 74 6.3 5.8 2.9 B4 7.2 71 6.7
Avg. Temp. ["C] 264 |(ZF& |J0E6 331 351 (B2 348 |(3H4 51 |18 2L 289
Diata location: Labibuge: 13 0O, Longhude: 41 DD

uction - daly. Ju

[
4 FMAMJI JASOND
Month

Tz 46810 13
Time of Diay

B 19 22
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Company name: G0AL Ethiopia
w Created by: YWASH Team
GRUNDFOS Y\ ™ oanziotees
Email: hkedir. yasinggmail com
Date: 201002025
Project: Water Supply System Solarization  Client: OAL
Reference Mumber: Sidehamelef WSS, Afar Region Client Number: 0912101388
Contact: Kedir Yasin
Description Valug .
‘Ganeral Information: = = - ™ Y
Product name: RS| 3x350-240Y PS4 45KW BTA g P &
Product No: 99648856 - - -
EAN number, 5713832409485 R . ™ i
Technlcal: - =
Approvals and markings: CE
installation: * [ [
Range of amblent femperature;  -10.. 50°C * [ [
Felative humidity: 95 % | Fe
Liquid: * [ [
Pumped liguid: Water B “
Electrical data: z =
Aated power - P2: 45 kW
Malns frequency: 50760 Hz | |
Rated voitage: 3% 350-440 W
Enclosure dass IS0 34-51 IP54 [ |
Aated voitage cutput AC: B0V
altage Input DC: BOO W | U
Rated current cutput AC: 87 A i ,,
Ude: 400V * | |
Others: — o T e ——— T
Met welght I7.5Hg
ros6 welght: 405 kg - -
Description Valug
Ganeral Information:
Product name: OTDCP16, Clrcuk Breaker, 164mg
Product No: 95341636
EAN number, 5711453259296
Description Walug
Ganeral Information:
Product name: CWR B 40-1000 P, Surge Profection
Praduct No: 95341657
EAN number, 5711453280302
Description Valug
Ganeral Information:
Product name: Sine-wave filter
Product No: 97774436
E&M number 5T10624160251 :
Inztalkation: . ) 1
Mounied on; FLOCR [+ !
Electrical data: . #
Malns requency: 50 Hz E ' aEgE i
Rated voltage: % 200-500 W : .
Rated current: 1154 b E R, -~
Rated current at 100 Hz BE A - f [t - -
Enclosure olass ISC 34-510 IP23 i s il
nouCtr [oss; ATQW =i
Oihera:
Bet welght 205 kg
Danlsh W3 Ko 3E2EATIS
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2.3 Negash WSS
2.3.1 Basic Data

Summary of Primary Data

Type of Existing water pumping system

(Borehole or Surface Pump) BH

Existing Borehole History 0
Region Tigray Statis Water Level (m) 12 Solar Energy related data
Zone: Eastern Distance from water scheme-BH to 20m

Drowdawn (m) 28 proposed solar fules (m)

y How long it takes for the pump to fill the .

Woreda: Kileteawelalo Dyanamic water level (m) 40 existing geservairJ;Hr.) FEmPE 4 hrs and 30 minutes
Kebele: Negash Safe Yield (m3/hr) 18 Generator Size (Power) 32KVA
Project/Water Source Location-GPS Borehole Depth (m) 58 Generator Efficiency 0.8
Latitude-N 13.887276 DD Borehole Diameter 6" Generator Running time 8hr
Longitude-E 39.591376 DD Pump Intake level (m) 48 Water Pumping yield (from pump) 31/s

Eistance from BH head to tank (running ;
Water Demand distance) 1210m Motor power rating (Pump-Kw) 7.5kw
Population size (base-2025) 2200 Static Lift above Ground (BH & Reservoir) |66 M Existing cable wire size 3*6 mm2
Growth Rate (%) 3.5% Tank Height and Size 3m height 50 m3 | |Pipe materials and size HDPE 63 mm

No. of Elbows in the pipe line 6

No.of gate valves 1

No. of non-return valaves 1

2.3.2Yield of the water source available to the solar powered water system

Considering the primary information the total Head is 175 meters and required discharge is 10.5 m*/hour
(3 I/sec) the pump required will be 7.5 KW.

Hydraulic Power:
Formula: P, = pgQH with p = 1000kg/m3, g =9.81m/s®>, Q=0.002917 m3/s
Stepwise:
e pg=1000x9.81=9810
e pgxQ =9810 % 0.002917 = 28.615(W per meter of head)
e P, =28615x175=5,007 W. So Hydraulic power = 5 kW.

Pump shaft power and motor input

Pshaft
and Pmotor—in -

Npump Nmotor

Pp

Use Pspase =

Take a conservative pump efficiency = 60% (0.60) and motor efficiency = 90% (0.90):

o Pyape=or =T7.1kW

7

7.1kW
*  Pmotor-in = 090 7.8 kW

So with those efficiencies the input power required =~ 7.5 kW.

2.2.3 Yield of the water source available to the solar powered water system

The woreda Water Office indicated that the safe yield of the borehole is 18m?3/hr (5 I/sec). Considering the
required demand at the end of the design period an average of 3.02 |/Sec was considered for designing
the solar power requirements.

The water demand of the design period is 3.02 I/s, which is less than the safe yield of the borehole.
Therefore, the discharge rate of the pump does not exceed the safe yield of the borehole.
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2.2.4 Designing the PV system for an AC pump with Inverter

The PV system design will be managed and done by using Grundfos or LORENTZ web and software-based
design, whichever the result with optimum sizing will be selected. The below listed specifications of solar
system components are the minimum requirements for selected solarization of water supply scheme.

Assumptions:
e Pump electrical rating: 7.5 kW (continuous).
e Daily run time: 8 hours/day.
e Peak Sun Hours (site): 6.2 kWh/m?/day.
e System performance factor (losses): 0.80.
e PV module (assumed representative for 615 W module):
6 Vimp =415V, Vo =495V, o = 14.82 A, I = 15.56 A.
e Inverter: 11 kW, 3-phase (800 V).
e Power factor for AC current calc: 0.9 (typical).
e All currents/power rounded sensibly.

Energy & PV array sizing
e Daily energy required = 7.5 kW x 8 h = 60 kWh/day.
e Energy produced per kWp = PSH x system_eff = 6.2 x 0.80 = 4.96 kWh/day per kWp.
e Required PV kWp = 60 + 4.96 = 12.09 kWp (= 12.1 kWp).
e Panelsrequired = 12.1 + 0.615 = = 19.67 — round up — 20 panels.
e Installed array (chosen) =20 x 615W = 12,300 W = 12.3 kWp.

So, we need 20 x 615 W panels (=12.3 kWp) to meet the 7.5-kW pump for 8 h/day at 7 PSH (with 0.80
system efficiency)

Inverter Sizing Note:
e Pump=7.5kW.
e We assumed 11 kW inverter: that gives a margin of 1.47x motor rating (11 / 7.5 = 1.47), which is
acceptable for many installations (it helps with overloads/starts).

String Layout
The input voltage of the selected inverter is 800V. So, the string configuration should consider this. The
proposed layout is 10 Panels in Series X 2 Strings (10S X 2P = 20 Panels) similar to panels calculated.

o Vppperstring=41.5Vx10=415V.

o Vo perstring (STC) =495V x 10 =495 V.

e |mp perstring=14.82 A.

o Total DC current =2 x 14.82 = 29.64 A.

e Array DC power Vi, 415V x 29.64 A = 12,300 W (matches 20x615 W).

The Voc Per string is within the input voltage of the selected inverter (800 V).

AC current & breaker sizing (for the 11-kW inverter / 800V, PF 0.9
e AC current at inverter rated power (30 kW):
lcinw = 11000/(v/3*800%0.9) =8.82A
AC breaker sizing (1.25x inverter rated current): 1.25 x 8.82 = 11.03 A — choose a 16 A AC breaker
for the inverter output circuit.
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DC protection & combiner sizing
e Per-string lsc # 15.56 A — choose 20 A DC string fuse
e Total DC MPP current = 14.82*2 = 29.64 A — combiner sizing = 1.25 x 29.64 =~ 37.05 A — use a 40
A DC combiner/isolator
o Il =2x1556=31.12A

Configuration
e Minimum No of Strings: 2
e No of Pannels Per String: 10
e TiltAngle: 14°
e Azimuth: South

Company name: GOAL Ethiopia

N Created by: WASH Team
Phone: 0912101888
GRUNDFOS 2»\ : i
Email: hkedir.yasin@gmail.com
Date: 20102025
Project: Water Supply System Solarization  Client: GOAL
Reference Number: Negash WSS, Tigray Region Client Number: 0912101888
Contact: Kedir Yasin
Installation and Input | |Sizing Results .

| Water production, Peak flow and Price

Total water production per year: 33100 m*

Avg. water production per cay: 90.6 mAiday

|| Average water procuction per watt per day: 5.7 IWp/day
‘ Solar module configuration:

Number of sofar modules In s2ries: 13, in parallel: 2
Solar aay rated power: 15.99 KW

Solar array rated voiis: S78 V

Sun tracking: No (fxed)

l Tit angie: 13 deqg.

- Typical performance at solar radiation 800 Wim*
|| Fiow: 9.8 m¥h
| Total head: 182.7 m

|

|| Cables and pipes:

|| Pump cable length: 82 m
Pump cable size: 6 mm*
‘ Total cable joss: 2.2 %

Material, riser pipe: Galvanized steel

‘ Pipe size (Inner dlameter), riser pipe: DN 65 (69 mm)

|| Materlal, discharge pipe: PE100 PN16 SDR11

‘ Pipe size (Inner dlameter), discharge pipe: @ 63 (51.4 mm)
|| Plpe k2ngth of riser plpe: 45 m

|| Plpe length of discharge pipe: 1210 m

Friction loss, discharge pipe: 83.74 m

Total triction losses: 68.75 m

tmoe:: &%r:;'gg'mime: 39.591376 DD
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Company name: G0AL Ethiopia
w Created by: VUASH Team
Phone: 812101388
GRUNDFOS »\ _ -
Email: hkedir. yasin@gmail .com
Diate: 2001052025
Project: Water Supply System Solanzation  Client: Z0AL
Reference Mumber: Megash WSS, Tigray Region Client Number: 08912101388
Comntact: Faedir %asin

98699071 SP 9-40
e

Flow: STmYgay ()
Menth for slzing: July

Stabic It abave ﬂl'l}l..lﬂl!: B& m

D!.ll'lil'l"ll:‘: waler lewval: 48 m

Sun fracking: Mo [fxed)

Loeation: Tigray, Ettiapla

Latibyde: 137887276 DD, LongHude: 39.591376 DO

Pump: SP 0-40, 1 ¥ BEELDOT
Siolar module: 36 x MK E15W

Switcn box ¢ cortral unit: RS1 3x380-440Y 1PEE 11K 238, 1 ¥
00044363

Saiten box ¢ corral unit: STDCPAE, Circult Sreaker, 168mp, 2 x
0B341685

Saiten box { corfral unit: VR P 40-1000 P, Surge Pratection, 1 %
0B341687

Oihers: Sine-wave fiber, 1 X 96754077

Waler production, Peak fiow and Price

Tekal water produciion per year: 33100 m?

Ay, WETET production per day: 90,6 maday

Awerage waser production per watt per cay: 5.7 VWpicay

Sodar maduls configuration:

Murmber of solar modules In seres: 13, In paraliel: 2
S0lar ATay raled power: 15.99 KW

Solar amay rated volts: 578

Sun tracking: Me (Mxed)

it angle: 13 deq.

System parformance - monthly average

Typlcal performance at solar radlation S00 Wim:
Flow: 9.5 mth
Tolal nead: 182.7 m

Cables and pipea:
Pump cabie length: 82 m
Pump cable size; & mm*
Tolal cable oee: 2.2 %

Material, riser pipe: Galvanized sieal
Pipe iz (nner diameser), riser plpe: DN 65 (69 mm)
Material, discharge plpe: PE100 PN16 SOR11

Pipe gize (nner diameser), dscharge plpe: @ 63 (51.4 mm)
Pipe length of riser plpe: 45 m

Pige length of discharge plpe: 1210 m

Fricticn ioss, dischange plpe: 83.74 m

Total #ricion losses: 68.75 m

|Jan |Feb Mar | Apr |lﬂ]r |Jum |Jul |Aug |Ssp |Oct |Mov  |Dec |

‘Water prodwciian [miday] 908 (=25 933 832 L2 g9.1 |67.3 866 (202 M a1 90.3
Enengy produciion Solar [KWhiday] (1145 1185 1173 11048 1I:I1.I:I 903 |653.6 864 [1002 1097 1139 1130
Radlation hortzondal [OWh'm= day] (7.1 T8 8.2 g1 7.7 68 |63 62 |TO 7.3 7.2 |64
Radlation 10t [EWhmE day] 8.0 g4 8.3 TR T2 64 |60 60 |[TO .7 g0 7a
Awg. Temp. ["C] 167|206 (224 (234 238 215|179 174 |194 203 1841 (162

Data lozation: Latibuge: 13 DO, LI:ngI'IJ.HIE ] EID

Waler production - mondiy
miiday

4 FM&AMI JASEOND
anth

WalEr producion - caly: Ay

1] R

0.
0z46 890
Tine of Day

12 168 19 22
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Company name: S0AL Ethiopia
w Created by: WASH Team
GRUNDFOS »\ ™™ 0912107858
Email: hkedir. vasinggrail com
Date: 20710:2025
Project: Water Supply System Solanzatiom  Client: 0L
Reference Mumber: MNegash WSS, Tigray Region Client Mumber: 0912101388
Contact: Kedir Yasin
Description Valug
‘General Information:
Product name: REI 3x350-440V IPSE 11kW 234 ¥
Praduct Moo foldL353
EAN number: 371260567687
Technlzal: .
Approvals and markings: CE e
Inztaltation:
Fangs of amblent temparatura;  -10 .. 63 "C
Relative humidity: 100 % |
Lipubd:
Pumped lguld: Wialer
Elgctrical data:
Rated power - P2: 11 KW
Mains frequency: 50/ 60 Hz
Rated voitage: 3 ¥ 350-340 W
Enclosure class JEC 34-5); IP&E
Rated voitage output AC: as0
voltage Input DC: BT v
Rated curment cutput AC: 23 A
Uz 400
Othera:
Met welght 14.5 kg
Gross welght: 16.3 g
Description Valus
Gansral Information:
Product name: OTDCR16, ClrcuR Breaker, 164mp
Product Mo 05341686
EAN number: 5711483259296
Description Valug
Ganeral Infarmation:
Praduct name: CVAR P 40-1000 P, Surge Protection
Praduct Moo B334168T
EAM numiber: 5711483289302
Description Value
Ganeral Infarmation:
Product name: Sine-wave filter =
Product Mo: DET3457Y o
EAN number: ST00E 35641097 £ ==
Instalation: PO
Mounted on: Wall =
Electrical dats:
Malns frequency: G0 Hz
Rated voitage: ¥ 200-500 W L T .
Rated current: 23A " Il -
Rated curment at 120 HZ 153 A T 35 ] = =
Enclosurs class JEC 34-5) P20 ™ 5 &3 F
Cable size: 16 mmz2 ige EE 2
nouchor loss: 150 W .:v 1B g el
Othera: F 1 s :11.: .
Med walght 16.9 kg il L] i
Danish VWS Ha.: 3525997024
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2.4 May Nebri WSS
2.4.1 Basic Data

Summary of Primary Data

Type of Existing water pumping system

(Borehole or Surface Pump) BH

Existing Borehole History 0
Region Tigray Statis Water Level (m) 30 Solar Energy related data
Zone: North wello Distance from water scheme-BH to 20m

Drowdawn (m) 15 proposed solar fules (m)

. How long it takes for the pump to fill the .

Woreda: Hintalo Dyanamic water level (m) 45 existing geservairJ;Hr.) FEmPE 2 hrs and 30 minutes
Kebele: May Nebri Safe Yield (m3/hr) 43.2 Generator Size (Power) 60 KVA
Project/Water Source Location-GPS 0 Borehole Depth (m) 110m Generator Efficiency 0.8
Latitude-N 13.135747 DD Borehole Diameter 8" Generator Running time 8 hrs
Longitude-E 39.499266 DD Pump Intake level (m) 105 Water Pumping yield (from pump) 101/s

Eistance from BH head to tank (running ;
Water Demand distance) 1450 m Motor power rating (Pump-Kw) 18.5kw
Population size (base-2025) 4500 Static Lift above Ground (BH & Reservoir) |103 M Existing cable wire size 3*25 mm?2
Growth Rate (%) 0.17 Tank Height and Size 3m height 50 m3 | |Pipe materials and size Gl 3"

No. of Elbows in the pipe line 6

No.of gate valves 1

No. of non-return valaves 1

2.4.2Yield of the water source available to the solar powered water system

Considering the primary information the total Head is 200 meters and required discharge is 22 m*/hour (6.1
I/sec) the pump required will be 18.5 KW.

Hydraulic Power:
Formula: P, = pgQH with p = 1000kg/m°, g = 9.81m/s?, Q = 0.006111 m3/s
Stepwise:
e pg=1000x 9.81 = 9810
e pgXxQ =9810 % 0.006111 = 59.95(W per meter of head)
e P, =5995x200=11,990 W. So Hydraulic power = 11.9 kW.

Pump shaft power and motor input

Pshaft
and Pmotor—in -

Npump Nmotor

Pp

Use Pspase =

Take a conservative pump efficiency = 60% (0.60) and motor efficiency = 90% (0.90):

_ 11.9kW

* Pgapr=—5— =17kW

17kW
*  Pmotor-in = 090 18.8 kW

So with those efficiencies the input power required ~ 18.5 kW.

2.4.3 Yield of the water source available to the solar powered water system

The woreda Water Office indicated that the safe yield of the borehole is 43.2m3/hr (12 |/sec). Considering
the required demand atthe end of the design period an average of 6.17 |/Sec was considered for designing
the solar power requirements.

The water demand of the design period is 6.17 |/s, which is less than the safe yield of the borehole.
Therefore, the discharge rate of the pump does not exceed the safe yield of the borehole.

18



2.4.4 Designing the PV system for an AC pump with Inverter

The PV system design will be managed and done by using Grundfos or LORENTZ web and software-based
design, whichever the result with optimum sizing will be selected. The below listed specifications of solar
system components are the minimum requirements for selected solarization of water supply scheme.

Assumptions:
e Pump electrical rating: 18.5 kW (continuous).
e Daily run time: 8 hours/day.
e Peak Sun Hours (site): 6.06 kWh/m?/day.
e System performance factor (losses): 0.80.
e PV module (assumed representative for 615 W module):
6 Vimp =415V, Vo =495V, o = 14.82 A, I = 15.56 A.
e Inverter: 22 kW, 3-phase (800 V).
e Power factor for AC current calc: 0.9 (typical).
e All currents/power rounded sensibly.

Energy & PV array sizing
e Daily energy required = 18.5 kW x 8 h = 148 kWh/day.
e Energy produced per kWp = PSH x system_eff = 6.06 x 0.80 = 4.84 kWh/day per kWp.
e Required PV kWp = 148 + 4.84 = 30.58 kWp (= 31 kWp).
e Panels required = 31 + 0.615 = = 50.4 — round up — 52 panels.
e Installed array (chosen) =52 x 615 W = 31,980 W = 31.98 kWp.

So, we need 52 x 615 W panels (=31.98 kWp) to meet the 18.5-kW pump for 8 h/day at 6.06 PSH (with
0.80 system efficiency)

Inverter Sizing Note:
e Pump =18.5kW.
e We assumed 22 kW inverter: that gives a margin of 1.2x motor rating (22 / 18.5 = 1.19), which is
acceptable for many installations (it helps with overloads/starts).

String Layout
The input voltage of the selected inverter is 800V. So, the string configuration should consider this. The
proposed layout is 13 Panels in Series X 4 Strings (13S X 4P = 52 Panels) similar to panels calculated.

o Vppperstring=41.5V x 13 =539.5V.

o Vo perstring (STC) =495V x 13 =643.5V.

e |mp perstring=14.82 A.

e Total DC current=4 x 14.82 = 59.28 A.

e Array DC power Vi, 539.5V x 59.28 A = 31,981 W (matches 52x615 W).

The Voc Per string is within the input voltage of the selected inverter (800 V).

AC current & breaker sizing (for the 22-kW inverter / 800V, PF 0.9
e AC current at inverter rated power (30 kW):
lacine = 22000/(v/3*800%0.9) =17.6 A
AC breaker sizing (1.25x inverter rated current): 1.25 x 17.6 = 22.05 A — choose a 25 A AC breaker
for the inverter output circuit.
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DC protection & combiner sizing
e Per-string lsc # 15.56 A — choose 20 A DC string fuse
e Total DC MPP current = 14.82*4 = 59.28 A — combiner sizing = 1.25 x 59.28 = 74.1 A —>usea 75 A
DC combiner/isolator
o st =4 x 1556~ 6224 A

Configuration
e Minimum No of Strings: 4
e No of Pannels Per String: 13
e TiltAngle: 14°
e Azimuth: South

Company name: GOAL Ethiopia

N Created by: WASH Team
GRUNDFOS »\ rfo= 0912101888

Email: hkedir.yasin@gmail.com
Date: 20/10/2025
Project: Water Supply System Solarization Client: GOAL
Reference Number: May Nebri WSS, Tigray Region Client Number: 0912101888
Contact: Kedir Yasin
Installation and Input Sizing Results

Water production, Peak flow and Price

Total water production per year: 69100 m*

Avg. water production per day: 189.2 m*/day

Average water production per watt per day: 5.9 I'Wp/day

Solar module configuration:

Number of solar modules in series: 13, in parallel: 4
Solar array rated power: 31.98 kW

Solar array rated volts: 578 V

Sun tracking: No (fixed)

Tilt angle: 13 deg.

Typical performance at solar radiation 800 W/m*
Flow: 21.2 m*h
Total head: 203.1 m

Cables and pipes:
Pump cable length: 82 m
Pump cable size: 16 mm*
Total cable loss: 1.6 %

Material, riser pipe: Galvanized steel

Pipe size (inner diameter), riser pipe: DN 80 (81 mm)
Material, discharge pipe: Galvanized steel

Pipe size (inner diameter), discharge pipe: DN 80 (81 mm)
Pipe length of riser pipe: 105 m

Pipe length of discharge pipe: 1450 m

Friction loss, discharge pipe: 56.88 m

Total friction losses: 55.15m

Location: Zamra Shet, May Nebri, Tigray, Ethiopia
Latitude: 13.135747 DD, Longitude: 39.499266 DD
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Company name: G041 Ethiopia
N Created by: WASH Team
Phone: 0812101388
GRUNDFOS »\ , o
Email: hiedir. yasim@gmail com
Diate: 2001072025
Project: Yater Supply System Solarization  Client: E0AL
Reference Mumber:  May Mebr WSS, Tigray Region Client Number: 08912101388
Contact: Kedir Yasin

92952124 SP 18-33
fpsicsemmsy

Flow: 173maiday ()
Moeh, Tor slzing;: July

Statiic It abave ground: 102 m
Dynamic water level: 45 m

2un fracking: Mo [flxed)

Loeation: Zamra Shed, May Mebr, T

. Etfilapia
Latibude: 13.135747 OD, Lenghude:

266 DD

%

Waler production, Peak flow and Price

Todal water production per year: 63100 me

&g, WalEr production per day: 15882 meday

Average waler production per watt per day: 5.9 VWpitay

Solar moduls configuration:

Murnber of solar medules In seres: 13, In paraliel: 4
Salar ATy rated pawer; 31.98 KW

Salar amay rated volts: 578 W

Zun fracking: Mo [fed)

Titt angle: 13 deq.

Syatem performance - menthly average
|Jan |Feb |mar  Apr |

Pumg: 5P 18-33, 1 02052124
Sialar module: 52 % NN E15W

Srafben ba | Coninol unit: RS1 343804400 IDEE Z2KW 264, 13
0044365

Sraftch bax ¢ conirol uni: GTOCPE, Cireult Braaker, 15Amp, 4
DB3A16ES

Sraftch Ba | coninal unit VR PV 40-1000 P, Surge Protection, 1%
38341667

Cfhers: Sine-wave fiter, 1 x 96735019

Typlcal performance at solar radlation S00 Wim*
Flow: 21.2 myh
Total head: 203.1 m

Cablas and pipes:
Pump catie length: 82 m
Pump catle size: 16 mm*
Tolal cable 066 1.6 %

Matertal, riser pipe: Galvanized steal
Plge size (ner diameser), rigar plpa: DM B0 (81 mm)
Maerial, discharge plpe: Galvanlzed sheel

Plpe size (nner dlameser, dscharge plp2: DM &0 (B mm)
Pipe langih of Aser pipe: 105 m

Pipe langih of discharge plpe: 1450 m

Frictien loss, discharnge plpe: 56,83 m

Total #ietion lossas: 55.15 m

May [Jun |Jul |Aug |Sep |Oct |Wov |Dec

Waner production [mtday] 191.3 |195.1 |196.7 | 1950 |191.1 184.3 178.2 1763 1871 |180.8 | 1915 | 180
Enengy production Solar [KWhvday] 2293 (2378 2355 (2023 (2024 [181.0 [1716 1732 2010 |2200 2283 2263
Radliation horlzortal povhimeday] 71 (78 B2 |81 |77 [6B |63 |6r |To |73 |72 |69
Radlation 1t KWRITE day] a0 |84 83 7% 72 &4 6O &D (TO |77 (B0 |7@
g, Temp. [C] 187 (206 (9?24 (234 (23E 215 (178 174 194 (203 191 [1B2
Diata location: Lathuge: 13 DO, Longltude: 38 DD
uchan - daly. Ju
i
il
15
10
54
0 o
JFMAMJI JASOMND 02464810 13 16 10 22
Manih Time of Day
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Company name: G0AL Ethiopia
N Created by: VWASH Team
GRUNDFOS »\ ™™ 012101858
Email: hkedir. yasim@gmail .com
Date: 20/10/2025
Project: Water Supply System Solanzation  Client: Z0AL
Reference Mumber: May Mebr WSS, Tigray Region Client Mumber: 08912101388
Contact: Fedir Yasin
Description Walua
‘Ganeral Information: .
Product name: RS 3xadl-440V IPGE 22kW 464 T T
Product Moo 09042366 '| -
EAM number oT12605678T1T I : E
Technlcal: B g #
Approvals and markngs: CE l@ = \
Installation: i Pl
Range of amblent femperature; 10 . 60 °C ' = -
Fedative nurmidit 100 %
Liquid:
Pumped llguid: Wiater
Electrical data:
Rated power - P2: 22 KN
Malns frequency: 50/ 60 Hz
Rated voltage: 3 x 380-440 W
Enciosure class [JEC 34-5) IP5E
Rated voitage output AC: 30 W
valtage Input DC: BOD W
Rated curent cutput AC: 46 A
U 400
Oinera:
et walght 3.5k
Eross walght: 336 kg
Description Valua
Ganeral Information:
Product name: OTDCR1E, Clrouk Breaker, 164mp
Product Moo 03341656
EAN mumber: 5711483150206
Description Valua
Ganeral Information:
Product name: CNVR P 40-1000 P, Surge Protection
Product Moo 03341657
EAN mumber: 5711483389302
Demcription Valug
Ganeral Information:
Product name: Sine-wave filber
Product Moo BE7E5019 .
AN number: 5700835642001 . = imi ulledsfilleds
Instaltation: [ = — ISy
Mounded on: WALL T = -
Electrical data: = 5
Malns frequency: 60 Hz — ra—
Rated voltage: X 200-500 - -
Rated cumert: 4554 L - i i i
Rated current at 120 HZ 06 A e I jiiam
Enciosure class (IEC 34-51 P20 (| o T E
Cable size; 50 mm2 s I & S| -
nouctor I0sE: 270 W .-’_'_[ L e
Otnera:
et welght 30 kg
Danish V'S M. 35257045

22




Summary of Primary Data

Region Somali Afar Tigray Tigray

Zone: Fafan Zone 4 Eastern North wello
Woreda: Kebribeyah Awura Kileteawelalo Hintalo
Kebele: Farda Sidehamelef Negash May Nebri
Project/Water Source Location-GPS

Latitude-N 9.045562 DD 12.160008 DD 13.887276 DD 13.135747 DD
Longitude-E 43.013836 DD 40.556962 DD 39.591376 DD 39.499266 DD
Type of Existing water pumping system

(Borehole or Surface Pump) BH BH BH BH

Existing Borehole History

Statis Water Level (m) 100 278 12 30
Drowdawn (m) 20 6 28 15

Dyanamic water level (m) 120 284 40 45

Safe Yield (m3/hr) 25 35 18 43.2

Borehole Depth (m) 240 348 58 110m
Borehole Diameter 8" 8" 6" 8"

Pump Intake level (m) 72 285 48 105
D‘lstancefrom BH head to tank (running 165 m 394m 1210 m 1450 m
distance)

Static Lift above Ground (BH & Reservoir) |12 M 25 M 66 M 103 M

Tank Height and Size 3mand 25 M* 3 m height 100 m* 3m height 50 m® 3m height 50 m*
No. of Elbows in the pipe line 6 6 6 6

No.of gate valves 1 1 1 1

No. of non-return valaves 1 1 1 1

Water Demand

Population size (base) 4000 4000 2200 4500

Growth Rate (%) 3.50% 3.50% 3.50% 17.00%

Solar Energy related data

Distance from water scheme-BH to 20m 20m 20m 20m
proposed solar modules (m)

Space Available for solar modules (yes/no) |YES Yes yes yes

Ho.w.long it take.sfor the pump to fill the 1 hr 25 Minutes 4 hrs 4 hrs and 30 minutes |2 hrs and 30 minutes|
existing reservoir (Hr.)

Generator Size (Power) 40 KVA 80 KVA 32 KVA 60 KVA
Generator Efficiency 0.8 0.8 0.8 0.8
Generator Running time 8hr 4 hr 8 hr 8 hrs

Water Pumping yield (from pump) 5.91/s 61/s 31/s 101/s

Motor power rating (Pump-Kw) 11 KW 26 KW 7.5kw 18.5kw
Existing cable wire size 3*16 mm’ 3*25 mm? 3*6 mm’ 3*25 mm?
pipe materials and size Gl 3" Gl 3" HDPE 63 mm Gl 3"

Figure 2 Basic data of the Water Supply Systems

3. Recommendations

1.

Maintenance: Develop and implement a routine maintenance plan to ensure the long-term
efficiency and reliability of the solar power systems. This includes cleaning the solar panels regularly
to remove dust, dirt, and debris, which can reduce energy generation. Periodic checks on electrical
connections, inverters, and other safety devices are crucial to prevent potential failures and ensure
the system operates at peak efficiency. Maintenance logs should be kept to track performance and
identify recurring issues.

Warranties: Ensure all components of the solar power system are covered under reliable warranties
to safeguard against potential defects or failures. Solar panels should have a minimum warranty of
10 years, covering performance degradation and manufacturing defects. Inverters, which are critical
to system functionality, should have at least a 5-year warranty, along with other key components such
as charge controllers and mounting structures. These warranties provide financial protection and
ensure that replacements or repairs can be carried out without significant additional costs during
the warranty period.
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4. Impact of Solarization

The motorized water supply schemes selected for solarization are currently not fully functional. Damage to
electromechanical components (mainly the power units and submersible pumps) from conflict and the
natural aging of the installed equipment has led to intermittent service and increased health risks for
beneficiaries. In addition, the Water supply systems sites in Afar and Somali are remote, making timely fuel
delivery difficult and further reducing water availability below minimum standards. Upgrading these
schemes to solar powered Pumping systems will provide predictable daytime energy enabling more
frequent pumping windows and sharply reducing interruptions caused by fuel shortages. As a result, system
reliability and per-capita water supply will improve to meet minimum standards, while operation and
maintenance costs will be significantly reduced. This will raise system reliability and per-capita water supply
to acceptable levels while significantly lowering operation and maintenance costs. The solar designs target
a minimum of 20 L per person per day (20 L/p/d), which would substantially improve the health outcomes
of the served populations.

5. Cost Benefit Analysis

We conducted a lifecycle cost analysis for each targeted water supply system and a comparable-capacity
solar-powered configuration (full details in Annexes 15-18). The analysis incorporated: initial capital costs,
routine operation and maintenance, periodic replacement of major components, and fuel costs for diesel-
operated systems over the expected project lifetime. Using these inputs, the cumulative-cost profiles were
compared and the incremental capital outlay for solarization was divided by the annual net savings to
estimate payback.

Results indicate a robust economic case for solarization, with payback periods ranging from about 1.5to0 2.5
years across the examined sites. This short payback reflects large recurring diesel and maintenance savings
at remote sites and the predictable performance of solar systems. Key implications are:

e The higher initial investment in PV and controllers is rapidly recovered through eliminated or
reduced fuel purchases and lower engine maintenance.

e After payback, solarized systems generate sustained operational savings that can be reallocated to
spare parts, preventive maintenance, or service expansion.

e The economic outcome is sensitive to assumptions such as diesel price, annual pumping hours, and
component lifetimes; these sensitivities are documented in Annexes 15-18.

6. Safety of Solarization Systems and Equipment

To protect the solar pumping installations from theft, vandalism and accidental damage, the support
structures and key components will be designed and installed with security in mind, and physical perimeter
security will be provided. Anti-theft measures include tamper-resistant fastenings and lockable
inverter/battery cabinets, reinforced concrete mounting plinths, and secure anchor bolts for panels and
pumps. Each site will be surrounded by a durable security fence with a lockable gate.

At handover, the community and the Water, Sanitation and Hygiene Committee (WASHCO) will formally
recruit an on-site operator and security guard. Their roles, selection criteria, training, and remuneration will
be agreed in writing and funded from the scheme’s O&M account. The person will be trained in basic system
operation, preventive maintenance and safe shutdown procedures, on access control, incident reporting
and escalation procedures. A simple asset register, logbook and incident-reporting form will be handed
over to the WASHCO so that all events, maintenance actions and security incidents are recorded and
reviewed at monthly meetings. These combined technical, physical and institutional measures will
significantly reduce the risk of loss or damage while strengthening local ownership and the long-term
sustainability of the solarized water supply.
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7. Type of Solar Pump proposed for each scheme
7.1 Negash Water Supply Scheme

Company name: GOAL Ethiopia
N Created by: WASH Team
GRUNDFOS Y4 ‘oe oo
Email: hkedir.yasin@gmail.com
Date: 20/10/2025
Project: Water Supply System Solarization  Client: GOAL
Reference Number: Megash WSS, Tigray Region Client Humber: 0912101888
Contact: Kedir Yasin

98699071 SP 9-40

a
i)

TP o0, T400V | &
1

Pumged liguid = Water

Denslty - 998.2 kg/m*

K T ES 3 T 7 7 Ei g

Company name: GOAL Ethiopia Company name: GOAL Ethiopia
N Created by: WASH Team N Created by: WASH Team
GRUNDFOS Y\ P oo GRUNDFOS 4 o= ooows
Email: hkedir yasin@gmail.com Email: hkedir yasin@gmail.com
Date: 20M10/2025 Date: 201042025
Project: Water Supply System Sclanzation  Client: GOAL Project: ‘Water Supply System Solarization ~ Client: GOAL
Reference Number:  Negash WSS, Tigray Region Client Number: 0912101888 Reference Number: Megash WSS, Tigray Region Client Number: 0912101888
Contact: Kedir Yasin Contact: Kedir Yasin
Description Value i e
General information: Enclosurs class (IEC H-5):
Product name: SPE40 Insulation diass [JEC 85}
Product No 93899071 Buitin motor protection:
EAN number- 5712600108253 Thermal pratec:
Technical: Built-in temp. transmitter:
E“mag_weed on which pump data are 000 pm LLength of cable:
- Fower cable type
Rated flow: gmih Woior No:
Rated head: 2iam Cable number- 0814200
Stages: “0 Windings: Enamelisd
Numbser of reduced-diameter NONE iers:
mpellers: o
Winimum efidency index, MET=: 070
‘Shaft seal for motor: CERICARNER Net weight 81k
Appravals: CEEAC,UKCA SEPRO MOR oo weght kg
Approvals for drinking water: ACS DM174 ‘Shipping volume: 0338 m*
Curve folerance: 15080062012 38 Envirenmentsl approvats WEES
A
40
YES
Stanless steel
EN 14301
AISI 304
Impelier: Stanless steel
EN 14301
A1 304
Wator: Stanless steel
DINW-Nr. 14301
AISI 304
Installation:
Waximum ambient pressure: 80 bar
Waxmum operating pressure: 80 bar
‘Warmunm ouflel pressure: 262 bar
Type of connection: p
Szs of connection Tinch
Motor diameter- @inch
Winimum borshole diameter: 145 mm
Liquid:
Pumped liquid Water
Liquid temperature range: 45407
Wax liquid t at 0.15 misec: avc
Electrical data:
‘Wotor type: MS5000
Wotor fiange design NEMA.
Rated power - P2 TERW
Power (P2) required by pump: TERW
Wains frequency: Hz
Rated voliage: 3% 350400415V
Rated curent: TEAT2ATIA
Startng current 400-510530 %
Cos phi - power factor: 024082070
Rated speed: 2950-2670-2860 rpm
Start. method: directon-ine
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7.2 Farda Water Supply Scheme

Company name: GOAL Ethiopia

75 KW
Pumpea liguia - Water

5%
Density - 958.2 kgm*

Company name: GOAL Ethiopia Company name: GOAL Ethiopia
N Created by: WASH Team N Created by: WASH Team
GRUNDFOS 2{ mn  movs GRUNDFOS )\ mm  oeoes
Email: hkedir yasin@gmail.com Email: hkedir yasin@gmail. com
Date: 20102025 Date: 20102025
Project: Water Supply System Solanzation ~ Client: GOAL Project: Water Supply System Solanzation  Client: GOAL
Reference Number:  Farda WSS, Somali Region Client Number: 0912101888 Reference Number: Farda WSS, Somali Region Client Humber: 0912101888
Contact: Kedir Yasin Contact: Kedir Yasin
92953229 SP 18-16 N Desaription Value v |
General mformation:
a .o || Prosuct name: SPIBEN
] %] Product No: 82953229
EAN number 122080042
Technical:
Pump sped on Which pump 8313 312900 rpm
Rated flow: 18 m
Rated head 122m
Stages: 18
Number of reduced-diameter NONE
mpellers:
Shaft seal for motor- SICISICFKM
J S
Approvals: g(E:,géc,ch»\ EPRO MOR
Curve tolerance: 1500006:2012 38
24 80 Model A
o Motor version T40
70 b Refurn valve: YES
= o Materials:
. Pump: Stainless steel
20, 110 EN 14401
AISI 318
=0 T2 Impslier: Stanless steel
1 EN 14401
Toh IS 318
@ Motor: Stanless steel
5 DIN'W-Nr. 14530
140 AISID04L
30 Installation:
1 Maximum ambient pressure: &0 bar
130 :
Maximum operating pressure 0 bar
Maximum cutlet pressure: 17.7 bar
12 ¢ Type of connection Ao
150 Size of connection 212inch
Motor diameter Bnch
i 100 | | Minimum borehole diameter 145 mm
Liquid:
17em Pumped liquid: Water
3 f 80 || Liquid temperature range: A5.40°C
Max liquid t at 0.15 misec: a°c
5 a0 Electrical data:
e e —— Motor type: MS5000
] ,,,,;E’-’—-—-,‘-;j’:v'"-ag,":::a— — Moter flange desian Grundios
) , 7 2 ””, w || Ra=dponer-F2 oz kW
- / Power (P2) required by pumg: 02 KW
I Mains frequency: 50Hz
2 f a0 || Rates voltage: 3% 220-230W
F | Rafed curent W\EI00A
A | | i Starting curment %
2 0 Cos phi - power factor: 081077
1 H [ 7 [] H b F1 fha Rated speed: 2830-2300 rom
Start. method: direct-on-line
Enclosure dlass [IEC #4-5) o

N Created by: WASH Team
GRUNDFOS A oo wooms

Email: hkedir yasin@gmail.com
Date: 20M0/2025

Project: Water Supply System Solarization  Client: GOAL

Reference Number: Farda WSS, Somali Region Client Number: 0912101888
Contact: Kedir Yasin

Description Value

Tnsulation cass (IEC F

Buitin mator protection: NONE

Thermal protec: external

Buit-in temp. transmitter: yes

Length of cable im

Power cable type: FLaT

Motor No: 78105813

‘Cable number: 08200112

‘Windings: Enamelled

Others:

Minimum efficiency index, MEI 2: [y

MNet weight T17kg

Gross weight 101 kg

Shipping volume: 0232 m

Environmental approvals: WEEE
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7.3 Sidehamelef Water Supply Scheme

Company name: GOAL Ethiopia Company name: GOAL Ethiopis Company name: GOAL Ethiopia
N Created by- WASH Team N Created by: WASH Team N Created by: WASH Team
GRUNDFOS Y4 o ozoes GRUNDFOS 1\ oerziotes GRUNDFOS Y4 ovizioteee
hkedir.yasin@gmail.com hkedir. yasin@gmail.eom hkedir yasin@gmail.com
Date: 201042025 20M10V2025 20/10r2025
Project: Water Supply System Solarization  Client: GOAL Project: Water Supply System Solarization  Client: GOAL Project: Water Supply System Sclarization  Client: GOAL
Reference Number:  Sidehamelef WSS, Afar Region Client Number: 0812101888 Reference Number: Sidehamelef WSS, Afar Region Client Number: 0912101838 Reference Number: Sidehamelef WSS, Afar Region Client Number: 0012101888
Contact: Hedir Yasin Contact Kedir Yasin Contact: Kedir Yasin
92941001 SPE 18-48 Description Valus i Description Valus
Ganeral TmeUiaion Gass (IEC 65 F
= B : SPE 1848 Ex-Droecton siangarn: NONE
l"gh] [FE=E e | f-f] Froduct Na: 2001 Themal protac: exemal
EAN nmber: sTISTZIsE2EN Bullt-in temp. transmitiar o
Technlcal: Length of cable: sm
Sump spasd on which pump 413 3% 2000 Cable fype: FLAT
passd Numoer of cables: 1
FaEd oW 18 min Mofor No: 76207720
Raed head ¥3m wingings: Enameliet
Stages: 48 Rpm related o Tequency: 3000 rpen at 100 HZ
Humaer of reduced-diamster NONE Controls:
Impellers: Frequancy converier: VFD IPM type requirad
- Shat seal for mator: SICISIC NBR Otivera:
1 Approvais: SRERRURCASERROMOR Minimumn efMiciency ndex, MET = 070
” Approvais for driking water ACSDMITS g:;":::‘:;"he_ :i::gm
:l:::huleﬁmx. I:099D0.2D1235 Recommended CUE (IP20): S9E16721
N Mot verein - ﬁemm!ﬂﬂm Sins wave fiter oTTTA43E
Rewm valve YES Envirsamental Spprovals weEE
Matariala:
) Fump: Stalniess stes
EN 14301
AISI 304
12 Imgelier Stainiess stee!
EN 14301
AlSl 304
184 Wofor: Stalnless stes! =
EN 14301
AIS| 304
12] Instaliation:
Maximum ambient pressure: &0 bar
Maximum outlet presstne: 55.5 bar
12] Tyge of connecton R
Size of connection: 3inch
Motor dlameter &inch
104 Minimum borehole diameter: 100 mm
Liquid:
Pumpsd lquid: Viater
3 Liquid tamperature range: A5 .50C
A e liquid £ a 015 misec: L
R J Elsctrical data:
= Moior fype: PM
! Mofor fange design: =]
Rated power - P2
“ i Power (P2} required by pump: 30 KW
h Mains frequency.
2] Rated voltage” X 350-420 V
Motor Sequency. 100 Hz
! Rated cumant BlEA TTT3
o Raied speed: 1650-3000 rmm G
F Mumier of pobes: 4 L]
Q=23mh Method of start Direct-ondine (00U M N
Pl =720 Enciosire oiass (IEC 34-5) P58 3.
- Water Denshy - 533.2 kgm*
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