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L 7 Billion people w = 100 Million
A e, B on Earth today,

have unreliable or live in areas of
no access to electricity high water stress

Renewable energies are an
adequate solution, especially
distributed PV (high

potential of job creation) Source: *AIE 2017
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Created in 2011, the Research Institute for
Solar Energy and New Energies (IRESEN) is at
the heart of the national energy strategy in
The Kingdom of Morocco, by its position in
the fields of applied research and

innovation.
FUNDING AGENCY RESEARCH CENTER
Financing of Development of
collaborative applied
Innovative Research
Projects facilities

www.iresen.org
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Identify appropriate
solar technologies

Developing next solar
" technologies, suitable to
the local conditions

Protecting the local
market: standardisation,
certification

WWW.i resen.org




40 M€

2011-2017

Dedicated to support

R&D & Innovation

2017-2023

80 M€
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Labs created across Morocco lRESEN

Smart-Grids

iioenergy Lah.

Hassan Il Univ.
Energy Efficiency in
Solar (Thermal, PV) Buildings / PCM Lab

Hassan | Univ.
Bio energy & Biomass Electronics Lab.

Cadi Ayyad Univ.

Electrochemical
storage Lab.

Smart Grids & Green
Cities

Green Energy Park

Energy Efficiency & / UMGP
Storage Materials / surfaces
treatment

Solar cells development

PV & Systems
Characterization, test &
Development

CSP & Systems
Characterization, test &
Development

Wind

Sustainable Mobility

Sustainable mobility
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R&D
Projects

Solar (Thermal, PV)

Bio energy & Biomass

Smart Grids & Green
Cities

Energy Efficiency &
Storage

Wind

Sustainable Mobility




Success
Stories
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First Moroccan Fresnel Concentrator
- solar air conditioning - solar drying
system for vegetables > Creation of a

startup for the African market

........

...........
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Modular and mobile
Solar Motorcycle fridge = prep. solar desalination system
phase for the creation of a startup (distillation & inverses osmosis >
to address the African continent Creation of a startup



Every once in a while, a new technology, anold
problem, and a big idea turn into an innovation |
Dean KAMEN
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RESEARCH to INNOVATION to MARKET
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Bio Energy & Storage Park

EWA Park

BOOSTERS

new platform

Green INNOVATION
GREENSMESs & R&D units

new platform
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I other
Universities

Fully

Knowledge Know-how Technology Start-Up integrated
creation & creation & development . technologies
dissemination transfer & validation Creation into African

Market



uwsludla gnpd 2ol
AQidilvulblamnAilléaawio
MOHAMMED VI

POLYTECHNIC

UNIVERSITY

]
— 0>
> _ v Green Energy Park n
Wwwn E Z g
Sox o Green & Smart Building Park O a
2w > = w o3
< > o) I o
L - o Bio Energy & Storage Park > W o3
Oo,Z o) O
=. C Z )
D c o) LLl
O EWA Park Z >
\ 9 0
W - (1] v
X = ()
/N"‘ Z
NG Z new platform ¢ L]
/
71 0 O -
A LLl ad
AL
i = latf -
;:! O new platform
I other
Universities




GREEN TECHNOLOGY PARKS

Research 2 Innovation Network

Green Energy Park
Solar Energies

LN
! Green Mining Park

Bio Energy Park

Bio energies & $torage

Mining industry

Green Industry Park | ms. =
Industry 4.0 o . , .

EWA Park
Nexus Water-Energy

Agriculture
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Research to Innovation platform model
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Z Fraunhofer

CSP

KS

Marketable
Indoor products

testing Living Lab /
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Research to Innovation platform model

] \%ﬁRE§E | Joint PV outdoor test platform, combining a multitude of test-set-

.........................

CSP

KS
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eiles.

ups, in order to evaluate, characterize and validate PV modules in
Z Fraunhofer .. .
« harsh weather conditions (First Solar, DSM, HQcells,..) ->
assessment of PV technologies and development of new adapted
technologies for Africa (desert modules)

Marketable
products

Indoor

testing Living lab /

outdoor testing



Soiling effect on the PV systems

» From May the 2t to the 315t the soiling impact on two PV systems (Monocrystalline & Amorphous)
has been investigated.

8 23
135 Wp 240 Wp
RESEN 2 2
= Fraunofor 61,3V 37,3V
341 A 8.3 A

a7V 30,1V

The maximum courant I, 2,88 A 79 A

» Both system are composed with two strings
each.

» For the experiment period and for each
technology, one string was cleaned twice a
week and the other left without cleaning.

» The soiling impact can be visualized by
calculating the difference between the
e energy produced from the clean and the

l’h‘OOLHYAYhE‘Q‘E? yc| SO||ed Str|ng: AE: Eclean-EsoiIed ;., ¢ @Green Energy Park @ Grenn Energy Park
UNIVERSITY '




Soiling effect on the PV systems

|
» From May the 2t to the 315t the soiling impact on two PV systems (Monocrystalline & Amorphous)
has been investigated. 3.00
» For the monocrystalline 250 6
system, the difference in 24

3/IRESEN energy (AE) between the
22 Fraunhofer cleaned and the soiled
< strings keep increasing with

» The average energy drop due to soiling was of 1.03kWh during the
) whole exposition period. Which is the equivalent of 18.6% loss from
== the system’s production.
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Soiling effect on the PV systems

.
» From May the 2t to the 315t the soiling impact on two PV systems (Monocrystalline & Amorphous)
has been investigated. 0.70
» For the Amorphous Uel
3 /IRESEN system, the difference in i
e e energy between the two f ’
= F'a““hOfg[ strings is increasing with E 0.40
time, but it’s not so high W
(~0.5kWh). ~ 030
0,20
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reaches ~ 0.57kWh. This is 0,00 22

: 04.05.2017 08.05.2017 12.05.2017 16.05.2017 20.05.2017 24.05.2017 28.05.2017
equivalent to 9.1% of the

system’s production.

» The average energy loss during the whole exposition period
R was of 0.29kWh due to soiling. This is equivalent to 4.9% of
= the system’s production.
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Soiling effect on the PV systems
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» From May the 2t to the 315t the soiling impact on two PV systems (Monocrystalline & Amorphous)
has been investigated. 0.70
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system’s production.

» The average energy loss during the whole exposition period
R was of 0.29kWh due to soiling. This is equivalent to 4.9% of
= the system’s production.
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Soiling effect on the PV systems
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» The difference in the

energy losses between
the technologies can be
explained by the
humidity variation
between the day and
the night, and the
modules temperature.

The Monocrystalline
modules are sensible to
the temperature, which
contribute to the
evaporation of the
dewdrops on the
surface. This causes an
agglomeration and
cementation of the dust
on the surface, thus a
high energy loses.

Energy loss (%)

04.05.2017 08.05.2017 12.05.2017 16.05.2017 20.05.2017 24.05.2017 28.05.2017
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Technology  mono Amorph

Max.
energy loss
Average
energy loss

41.9% 9.1%

18.6% 4.9%
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Outdoor Exposure-
Moroccan & African Sites
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7o Specular reflectance loss
" after 24 months in %
6
50
m Erfoud
40 .
Missour
30 Tan Tan
m Zagora
20
* el bl I I
0 I-l r l-l "I r l1 l" Yamoussoukro
A B (& D E E G H |
Max Min Mean Yearly sum solar Mean wind rg?aeg\?e
Location | Latitude |Longitude |[Temperature| Temperature | Temperature | irradiance GHI d Im/ humidi
[°C] [°C] [°C] [KWh/m?] EResdlin ”'E:/'] ity
Missour 32,86°N | -411°E 40,6 -1,8 18 2023 3,6 48,1
Erfoud 31,49°N | -4,22°E 44 -3,1 22,2 2044 3,1 30,1
Zagora 30,27°N | -5,85°E 45,3 -0,6 23,9 2174 3,8 23,4
Tan Tan 28,5°N |-11,32°E 32 9,2 18,8 1856 4.4 82,9
'Yamousso
ukro
6,798°N [-5275°E 39,44 13,07 26,20 1652 2,4 75,5
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MOHAMMED VI
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UNIVERSITY

Laboratories

Materials
characterization and
development Lab

Eco-energy design Lab
Fablab 5x12m
Seismology Lab
Thermal / acoustic Lab
Smart Grid Lab

Training
workshops

Specialized trainings
Practical workshops

(welding, ironworks,
carpentry,..

Green construction

Smart Campus

25 different student
houses (architecture,
materials, BIPV,.)

Comparing materials
and technologies

5 autonomous smart
grids

sustainable mobility

Architecture &
handcrafts Museum
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Developlng

| adapted green
A technologles to

help the African

Dream happen
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ikken@iresen.org

Developing

adapted green

solutions for the

| wealth of the
= @ fRESEN future Africa
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