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the implementation of the Global Solar & Water Initiative to support the introduction and scaling up of solar energy-
based solutions across relief organizations all around the world.




Maximizing
Solar Energy
Harvesting

oM
) Bangladesh

USAID @ |OM

FROM THE AMERICAN PEOPLE
UN MIGRATION

Humanitarian Aid
and Civil Protection



Global Solar & Water Initiative 2016-2021

Replacing the use of diesel generators by solar panels at scale in humanitarian contexts.

v" 41,000 WASH officers trained from 226 Organizations in 37 Countries.
v" +500 Technical Consultations from 109 Organizations in 71 Countries.
v’ 21 Country visits with 98 sites assessed. A~

v" Market and economic analysis in 10 countries | i el \\\\\\\\\\X\\\\\X
v' +120,000 pages visited per year at dedicated webpage V ‘

v' Knowledge material, tools, articles and book published.




Mapping: Solar Powered Water Schemes installed.

# of SPWS installed > 4,000( in 29 countries)

1,300 (in 40 countries)

Some 10’s (in 11 counties) -

2015 2019

Zimbab...

Nigeria |Vanuatu



Solar Pumping Scheme : Energy Provided vs Demand
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Ethiopian Somali Region — single use Solar Powered Water Scheme
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Surplus Energy & Possible Applications

POWERED EQUIPMENT FOR AVERAGE SOLAR DAY WITH UNUSED ENERGY

Sterilisa L
Pum Population | Solar Panels ti Vaccine s
. . P Surplus Unused Energy : Tv/ | Ceiling | Public | Desktop| Fridge | portabl| “o" ) Possible Idle Energy -
Location powerf/ | Remarks served Ouput (Wh/ Phone | Lights o Printer Equipm | Fridge .
DVD Fan |Lighting|/Laptop| (150L) e X-Ray Applications 1h of pump
TDH (20lpd) day) ent (75L)
(Wh/ day) | % of total (20L) stoppage
Ethiopia- Sol 300 [10x8 | 1x4 8x8 Ph :
"OPIE" N4t/ som| | 0 600 5,800 6,063 62% o g ones 15%
lijiga handpump phones | hours | hours | hours Community center
Yemen- 5.5 kW Limiting 800 |B00x4 8x10 Sx8 |2x24 | 1x2 | 1x1 1x3 | 1x24 |Phones, 1light per
4,000 108,000 63,195 64% 14%
Saana 100m yield phones | hours hours hours | hours | hours | hour | hours | hours |HH, Health Center
Migeria- 7.5 kW No limiti 700 2x8 3x8 1x8 | 1x3 Ph , Int t
igerta” /| Nolimiting | 5oq 90,000 9,040 10% x X * * ones, neme 91%
Mauduguri 80m yield phones hours hours | hours | hours café
Migeria- 15 kW, No limiti 3,500 25x8 Ph » Publi
gera /| Nolimiting | 5 550 189,000 | 42,350 23% ' anes, THble 40%
Mauduguri 200m yield phones hours Lighting
Phones,
Community
¥ - 30kW Limiti 7,500 | 10x8 | 1x4 | 10x3 | S0x&8 | 10x8 | 3x8 [ 1x3 | 1x1 1x3 [ 3x24 Center, Publi
=men /| umitng | o000 | assoo0 | 108980 | 25% ol X X X . X " X $em|  emen PAR 37%
Saana 200m yield phones | hours | hours | hours | hours | hours | hours | hours | hour | hours | hours | Lighting, Internet

Café, Health
Center

*Phone 5W (Nokia 3320) , Lights 10W, TV/DVD 75W, Desktop 45W, Ceiling Fan 30W, Fridge (150L) 42W, Printer 10W, Portable X-Ray 150W, Sterilization equipment 2000W, Vaccine Fridge 30W
**Energy losses at charge&transmission estimated at +40%

Source: https://poweringhealth.homerenergy.com/




From Solar Pumping Schemes to Sector Integrated Solar Approach
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Integrated vs Separated Water and Energy Approach

ENGINEERING CAPACITY

Thousands of water engineers
already deployed at field
locations

MANAGMENT MODELS %

Existing established
management models and fee
collection systems

ALLOCATED BUDGETS

Multi-billion budgets allocated
for water porjects every year

(©)
76
BETTER ASSET/ RESOURCE

More efficient use of equipH§ﬁt
and water resource. More
options for better social
engineering




3-year Road Map...

e
Dialogue Install
New schemes in
Establish Market dialogues with selected humanitarin
manufacturers/ developers settings, M&E

Maintain Test Transfer
Support for uptake & Design and test Knowledge sharing
quality implementation concept for different with WASH actors

applications

.. .0 L . . . .
Visit .- TheSolarHubwww.thesolarhub.org — Contact: Alberto Ibanez Llario at allario@iom.int



http://www.thesolarhub.org/
mailto:allario@iom.int

Presenter

Salvador, Segui Chilet, Polytechnique University of Valencia

Professor at the Polytechnic University of Valencia since 1991 in the Electronic
Engineering department. Since 1999 he has given face-to-face training courses in the
area of photovoltaic installations, starting in 2010 with the on-line tuition in PV systems.
Currently is the director of several courses in PV systems, in Spanish and English
(https://www.cursofotovoltaica.com/). He has more than 23 publications in indexed
journals, numerous publications in conferences and participates in R&D projects in the

field of energy.
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EnSWPS+LIB22: project status
and goals
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EnSWPS+LIB22: project-related facilities

Presentation of the R&D team

« Six professors from the Polytechnic University of Valencia working in Electronic
Engineering and in Agronomic and Environmental Engineering (short biography
available at https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9775673).

* Next incorporation of a support researcher to the project with the aim of
developing a doctoral thesis within the framework of this project.

* Previous experience in R&D contracts with companies in the areas of renewable
energy monitoring, electronic converters, pumping systems, photovoltaic
pumping, irrigation and hydraulic systems, etc.

« Extensive experience in courses on PV systems and PV water pumping systems
(https://lwww.cursofotovoltaica.com/en/solar-powered-water-systems)/).

®I0M
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EnSWPS+LIB22: project-related facilities

Direct photovoltaic water pumping system components (DPVWPS)

PV field
2.4 kW,

Dedicated PV Array:
Sized to match pump and
required TDH & flow
(may be high voltage)

With linear current booster

“ > Pump Controller:

Difference in Elevation:
From well head
to top of tank

Float Switch:
Prevents tank overflow

Pipe Run:
Length and friction loss
effects TDH

PV in Atersa - EASY SUN PUMP (LCB), which optimises V & A ] _,, Ftation: Hzfd';kef‘gﬁ:;'m;r
ESP-2,2/230-IP20-F200 for pump //— OOy DaCAT N to get through periods
FUJI : . / MR flttle su
VSD Variable Speed Drive / - Dyfpt;:;:c - —
(DC/AC converter) pus ficion oes Fom
¢ _________ = pipes, fittings, filters, etc.
_ ' Well Depth:
Motorlfump Submersible pump S .
1.5 kW Three-phase motor FRCH fon Be
| : Basic Components
al Y .
v S of a PV-Direct Water
Hy d rau | ic low-voltage S
i Pumping System
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EnSWPS+LIB22: project-related facilities

Battery-based PVWPS vs Direct PVWPS

The main disadvantages of
PVWPS with batteries are:

DPVWPS mode
>  Reduction in the
Motor Hvd i efficiency of the overall
""""" l r |
 PCU VSD —p + y. a‘f C system.
PV _ + =P B circuit - Capital costs higher than
field LB i o equivalent DPVWPS’.

PVWPS+LIB mode

The main advantages of PVWPS with batteries are:

 Improved coupling between the PV generator and the motor-pump group, with a PV generator operating in
the MPP for a wide range of irradiance levels.

« The current required for start-up and normal operation of the motor can be supplied continuously.

« The pump will operate longer, and so a higher volume of water could be provided if needed.

« The system prevents pump stop/start cycles caused by the passage of clouds.

 Energy not used for pumping can be used for other purposes: lighting, battery-banks recharge, etc.

@ |OM

UN MIGRATION
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EnSWPS+LIB22: project-related facilities

Layout of the R&D facility

Solax
PV i
field X1—Hybr1d—3.7—D—E
inverter
FS1 1 ACB3
=t PV INPUT ON-GRID
=300V I P e N T s 0w 0w m_ m  gm
. Energy flow: contral: :
ACB2
AC2
BATTERY EPS
Battery Solax

T-BAT SYS-HV

A\ *,
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UNIVERSITAT
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Energy manager
controller

“Greening humanitarian responses through enhanced Solar Energy harvesting”
PI: Salvador Orts

Grid or auxiliar
generator connection

PV input
i 1~ 230 V
50 Hz
VSD
AC (ESP-2.2/230) 5 500 v
1230V m AC s 0 to 50 Hz G
O\C DC AC 3"‘
toT1 . | Control Motor-pump
Power switch group
= I—o\o—o\o—
IoT2 ON/OFF
ON/. ?iF switch
switc
4
oo
10T3 = i
) i Extra loads outputs
; : (AC single-phase)
] L}
|
ogc
IoTx = Additional AC loads may consume the

ON/OFF switch

fotovoltaica@upv.es

surplus energy generated that is not
immediately needed for pumping water.
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EnSWPS+LIB22: project-related facilities

Why is the battery needed in the hybrid solution?

 While in the direct PVWPS the PV power is balanced by the power delivered to the motor

(where the voltage, current and operating frequency of the motor are controlled by the
variable speed drive).

« With the hybrid inverter working in off-grid mode (and without battery), the connection
of additional AC loads (where we cannot control the power demand and can only control

If they are connected or not) would cause unbalances in the energy flow between PV
field and loads.

 The battery manages these power unbalances by charging with surplus energy and
discharging when there is an energy deficit in the system (energy buffer), thus ensuring
that the PV field can always be on the MPPT and that the back-up AC output has all the
power required by the consumptions (pumping and additional loads).

19 “Greening humanitarian responses through enhanced Solar Energy harvesting” e I O I ' I
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EnSWPS+LIB22: project-related facilities

Parts of the facility

« PV field with 2.4 kW, (up to 3 kW, for PVWPS+LIB)
« Hybrid inverter with off-grid operation (GW3648D-ES from GoodWe and X1-Hybrid-3.7-D-E from Solax ).

- Lithium-ion batteries: LG RESU3.3 (3 kW@3.3 kWh@48 V) and SOLAX T-BAT SYS-HV (3,5kW @ 11,5kWh
@230 V) .

« Direct PVWPS: Atersa ESP-2,2/230-1P20-F200 (2,2 kW)
 Monitoring system based on Eos Array and UWP3.0 from Carlo Gavazzi and open-access SW.

20 “Greening humanitarian responses through enhanced Solar Energy harvesting” NS I O I v I
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EnSWPS+LIB22: project-related facilities

More information and results in open-access articles

 Energy Efficiency Optimization in Battery-Based Photovoltaic Pumping

Schemes (2022 - IEEE Access - https://ieeexplore.ieee.org/document/9775673).

* Photovoltaic water pumping: comparison between direct and lithium battery

solutions (2021 - IEEE Access - https://ieeexplore.ieee.org/document/9483902)

* PV monitoring system for a water pumping scheme with lithium-ion battery
using free open-source software and IoT technologies (2020 - Sustainability -
https://www.mdpi.com/2071-1050/12/24/10651/htm)

21 “Greening humanitarian responses through enhanced Solar Energy harvesting” & I O M
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EnSWPS+LIB22: project-related facilities

PVWPS:

LRG>

UNIVERSITAT
POLITECNICA
DE VALENCIA
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comparison between direct and battery-based solutions (IEEE Access)
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Problems in the MPPT decrease average PR of the battery-based solution
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EnSWPS+LIB22: project-related facilities

Energy efficiency optimization in battery-based PVWPS (IEEE Access)

< > e The WPS best efficiency point can be set
PV source and\\. ) WPS section: by means of fysp.
storage: \\ constant power e The WPS best efficiency point ensures a
variable power .. better use of the lithium-ion battery (LIB).
\\ Power Converter Unit
_____________________________________ |
:r______-_-____l _____ ——. VSD :
I \ nterna | D |
I DCb '
I | DC * DCbus [ i i f‘g /. | ! Mcitor el e
PV Poy || DC ‘\\ AC | | Pysp_in | AC :: Pecu_out P circuit
field (=PPCU_in) : : © 0 :(:Phyb—OUt) ________ I | (:PVSD_OUt Pump (:Pmp_out)
I = .
' Hybrid | DC ] N\ I = e in) _ _
e Ppyand P gare || inverter DC X I | Fixing fysp the point of operation of the
variable withGI. \-————— T ___ A\ | water pumping system (WPS) is kept
e Efficiency varies “"""""“; ___________ \_ \_ ____________ constant during the whole pumping time
along the day e (Pvsp_in sPvsp_out and Py, are constant).
' LIB
_ I AT <
g SOZ I -‘_‘.‘-_-_- - 200 %
-500 |- ' l > - = E; - -200
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EnSWPS+LIB22: project-related facilities

Energy efficiency analysis in battery-based PVWPS with Solax hybrid inverter

Flow rate, outlet and inlet pressures

100%
90%
80%
70%
60%
50%
40%

PCU eff.

VSD eff. mp eff. —e—Total eff.

30% W._._._._H_.
20%

11:00 11:30 12:00 123 14:00

1430

100
0 o pPYWPS+LIB
80

DPVWPS

70
60
50
40
30

R*=0.9948

(charge-discharge when Q>0)

vol (m3/day) corrected with daily

y=11.493x-1.7333

Comparison between DPVWPS and PVWPS+LIB

10% -
= Flowrate (L/s) 20
0% “ N 0 i . = Qutlet pressure % 10 y= 11.923x-6.7705
|
fuso (HZ) = Inlet pressure E 0
0 1 2 3 4 5 6
28% VSD output frequency and VSD input power
+ Total eff. . P q ¥ putp PSH {kW/m2/daY)
27% $ . .
26% - T . *
25% « e
>
2% |, . .
1 Results to be published
0%
22% ¢ 110 130 1200 1230 1300 1330 1400 1430
21%
20% = VSD output frequency
30 35 f 4FH ) 45 50 = VSD input power
vsp \HZ
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EnSWPS+LIB22: project-related facilities

First results of the battery-based PVWPS with f,,;=37 Hz

Battery SOC (SOLAX)

80.0%

40.00%
)
c0.0% . / o 35.00%
o
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EnSWPS+LIB22: project-related facilities

Where are we focusing our research at the moment?

 Which types of existing DPVWPS could be transformed to a battery-based
solution?

« How much energy is not used by the pump during the year (and can be used by
other loads)?

« How can we improve the overall efficiency of the system to make more surplus
energy available?

« How can we use this energy for other purposes?

Open to establishing new win-win partnerships related to the implementation of
the project: funding, pilot testing of the system in the field, testing of new
converters with higher power, etc.

27 “Greening humanitarian responses through enhanced Solar Energy harvesting” & I O M
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EnSWPS+LIB22: project-related facilities

How are we planning the PVWPS+LIB sotlution? ,, 2=... Grido vl
field y enerator connection
. . . . FS1 e 5 0y PV input
« Use of existing commercial solutions for =t Lt || 20 ‘ .
. . . . TSV L T AC ESP-2.2/230) 3. y00v
easy Implementation Iin the field L e IR VR pr L /3
con d Itl ons. i L IoTl. - oy Motor-pump
Power switch group
. . .y . > o——o0 o
Compatibility of PV field for the two o onor
. . T: 2304V ON/.OFF switch
solutions (direct and Dbattery-based Battry Solox |5 s
T-BATSYSHV | <
PVWPS). Sy
. . E i Extra lf)ads outputs
« Simple assembly that can be retrofitted to Energy manager ; | (ACsinglephase)
. L controller o
existing systems. : S e

* Inclusion of an energy manager to establish surplus energy and manage its use.

 Take advantage of the characteristics of hybrid inverters to expand the PV field and
Increase the available surplus energy.

AL
(s
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EnSWPS+LIB22: project-related facilities

Approach 1: AC bus solution for WPS facilities

- - - - - - - - I
| Internal | pE— Motor .
| DC DCbus [ DC | | AC /| . Hydraulic
3~ . .
PV | /bC AC| | | acl circuit
: | | | | Pump
field | L eeEee J
| DC Hybrld i VSD
| DC |inverter |
|
VSD with:
v' Single-phase input for P<2,5 kW.
LIB v' Three-phase input for P>3kW.
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EnSWPS+LIB22: project-related facilities

Approach 2: DC bus solution for WPS facilities

\/ i Internal |
D ! : : : L.
n i bC € bus bC | VSD with a PV input with characteristics
| DC | : :
field | | compatible with battery voltages
| |
| DC Hybrid |
| DC |inverter i VSD
I
_____________________ a PV r-——>——-
. | Motor :
input : DC | .\ Hydraulic
| 3™ . .
circuit
L AC J: Pump
LIB (HV)
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Thank you

* Feedback: info@energypedia.info

* Survey link: https://forms.gle/aFfCnxPtAASJspnTA
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