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African emerging economies must bring
reliable electricity
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0.03 $/ kWh'!

Highest
percentage
live in Africa!
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2.8 Billion
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GDP growth Electricity

average of 5% e,
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6,5%

Furtherance of renewable
energies
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R&D -8 ha GREEN ENERGY
NOOR Ouarzazate: 580 MW NOOR
NOOR I: 160 MW (CSP) SMW) Atlas I
NOOR I1: 200 MW (CSP) 800 MW (PV) in 8 sites
NOOR Iii: 150 MW (CSP)
NOOR IV: 70 MW (PV)
NOOR NOOR
Midelt Argana
600MW (CSP, PV) 100 MW (PV) in 4 sites
NOOR NOOR
Tata Tafilalt
600MW (CSP, PV) 100 MW (PV)in 3 sites
NOOR ONEE
Laayoune + Assa-Zag
ool Wind : 4200 MW 1MW (PV)
322 Hydro : 1300 MW
NOOR NOOR
Boujdour é new cities : BIPV Atlas|
100MW (PV) 200 MW (PV) in 4 sites

16-08 Act

W 13-09 Act (2010)

RenewableEner.
s Hydropower <12MW

» High Voltage

5414 Act (2015) Y

58-15 Act (2016)
RenewableEner

Source: Ministry of Energy, Minining, Water and Environment,
ONEE, MASEN, IRESEN, 2016
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Investment in innovation
counters barriers and accelerates
commercialization
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IRESEN
IntrOdUCtion IRESEN at a glance
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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 Research
Innovative facilities
Projects

www.iresen.org
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|dentify appropriate
solar technologies for
Africa

Developing next solar

" technologies, suitable to
the local conditions

Protecting the local
market: standardisation,
certification

www.iresen.org
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Funding Agency

More 19

Dedicated to support Laboratories

R&D & Innovation 540

Researchers and PhD
students supported




r
L.abs created across Morocco
=

Solar (Thermal, PV)

Bio energy & Biomass

Smart Grids & Green
Cities

Energy Efficiency &
Storage

Sustainable Mobility

Hassan II Univ.
Energy Efficiency in
Buildings / PCM Lab.

Hassan I Univ.
Electronics Lab.

Cadi Ayyad Univ.

Electrochemical storage
Lab.
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Smart-Grids La

iioenergy Lab.

Green Energy Park /
UMe6P

Materials / surfaces treatment
Solar cells development

PV & Systems
Characterization, test &
Development

CSP & Systems
Characterization, test &
Development

Sustainable mobility
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Every once in a while, a new technology, an old problem, and a
big idea turn into an innovation |
Dean KAMEN

MOHAMMED YV

|
POLY T ECHNIC

UNIVERSITY




Fhe Green
Technologies Parks

UNIVERSITY

R2I2M

parkdfenergy

dans I'écosystéme de
L'UNIVERSITE MOHAMMED VI POLYTECHNIGUE
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The identity

RESEARCH to INNOVATION to MARKET
R2I2M
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------------------------------I
Bio Energy & Storage Park

EWA Park

BOOSTERS

new platform

Green INNOVATION
GREENSMESs & R&D units
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new platform

Universities
I DN DN B BENE DI BN NN B B DI NN BN B N BN S B BN NS B DS BN DS B B B aem omm el

Knowledge Know-how Technology Start-Up Fully integrated
creation & creation & development & : technologies into
dissemination transfer validation Creation African Market
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Universities
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GREEN TECHNOLOGY PARKS

Research 2 Innovation Network

Bio Energy Rark

Bio energies & Stdrage

Green Energy Park
Solar Energies Greenm & Smart

3/RESEN

EWA Park
Nexus Water-Energy

Agriculture
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WRISLLaalUiolito
MOHAMMED VI
UNIVERSITY
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Research to Innovation platform model
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Research to Innovation platform model

I ;‘/LR.E§EN Joint PV outdoor test platform, combining a multitude of test-set-
7 ups, in order to evaluate, characterize and validate PV modules in
=2 Fraunhofer - - -
« harsh weather conditions (First Solar, DSM, HQcells,..) ->
assessment of PV technologies and development of new adapted
technologies for Africa (desert modules)
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% Marketable
- Indoor products
testing Livingab /
ST outdoor testing

MOHAMMED VI
PoLYTRECmMNIC
UNIVERSITY



Challenges in desert conditions

3/IResEN

GREEN Tech PARKS

~~~~~

sl s anp A 2000
Wiliolaanilosigio
MOHAMMED VI

---------

o C C
UNIVERSITY

Environment

=
a

-4

®

Q0O

External loads
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Humid.
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Module

Glass/
ARC

Frame

Encap-
sulant

Back-
sheet

Module components

Inter-
connect

Cell
Layout
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Source: Fraunhofer CSP 2016 IRESEN 2016



Challenges in desert conditions

|

Specific
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Encap-
sulant

External loads

Rel.

Humid. B
Inter-
Irradia- connect
tion
uv
Irrad. #

GREEN Tech PARKS
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Ll s anpd 200D
Widilolaanilosigio
MOHAMMED VI

OLYTECWMNGIC Source: Fraunhofer CSP 2016 IRESEN 2016
UNIVERSITY



Challenges in desert conditions
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Challenges in desert conditions
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Source: Fraunhofer CSP 2016 IRESEN 2016



Challenges in desert conditions

Specific
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Challenges in desert conditions
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Disintingration of polyrmeces (62%) Bubible fomasan at tha FS (45%) Busbble formation 3t e BS (50%)

GREEN Tech PARKS
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MOHAMMED VI Source: Fraunhofer CSP 2016 IRESEN 2016
UNIVERSITY



Challenge: Degradation

I
» comparison of monitored and simulation values 20 kWp PV system performance in the GEP

45 T T T T T T
40 - —
®/RESEN = E*[ i
=== 1, 4
m ucéw
< 210
2 :
| JEe
O 0 Predaed
(D] 40 45 50 55 60 65
=
Z . o
a8 > The average of energy losses per month due to this degradation is around 150
E kWh/Month for thin film PV system, which makes the real monthly measured
G) energy yield 15% less than the expected monthly energy yield.
Fgﬁmgm Source: Fraunhofer CSP 2016 IRESEN 2016

oLYTECmMMNIC
UNIVERSITY



Challenge: UV

]
» PV modules under UV influence

2.0 :

',g: g — AM1 Sun belt
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< g 0,08 - - L
=1 600 800 1000 1200
% wavelength [nm] |
ﬁ Discoloration of EVA under UV influence
% * 2xannual irradiation dose
E 2x UV power in sun belt regions
&) = 4x UV dose compared to

* Rough estimation:
| Does 20 years in moderate climates correspond to
o= approximately 5 years in sun belt areas?

sl sonp @ 20l
Wisilolaanilossigio
MOHAMME D VI Source: Fraunhofer CSP 2016 IRESEN 2016
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Soiling effect on the PV systems

» soiling impact on two PV systems (Monocrystalline & Amorphous) has been investigated.

 Typeoftechnology | Amorphous | polycrystalline _
8 23
135 Wp 240 Wp
9/IResEN 2 2

" 61,3V 37,3V
3,41 A 8,3 A
47V 30,1V

The maximum courant I, 2,88 A 79A

» 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
|sO calculating the difference between the
<= energy produced from the clean and the

Witilolannilitsisis

MOHAMMED VI soiled string: AE= Eclean-Esoiled /s ea Energy Paig Ol el L
UNIVERSITY




Soiling effect on the PV systems

I
» From May the 2th to the 315t the soiling impact on two PV systems (Monocrystalline & Amorphous)
has been investigated. 3.00
» For the monocrystalline 2 50 6
system, the difference in
9/IRESEN energy (AE) between the
T ] 2.00
cleaned and the soiled -
strings keep increasing with <
! time. =
- =
EE“ 1.00
A > During the 29" of May the
= energy loosed due to soiling  0.50
8 reaches ~ 2.5kWh which is
- the equivalent to 41% loss 0.00
7. from the system’s 5/4/2017  5/8/2017  5/12/2017 5/16/2017  5/20/2017  5/24/2017  5/28/2017
5 production.
ad
O

» 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

.

5= the system’s production.
pusbsl s anp@ 2ols
Wialholaannilosisiy
{MOHA'MMED vi

oLYTECmMMNIC
UNIVERSITY




Soiling effect on the PV systems

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

0.70

» For the Amorphous 0.60

g"/lB.E.S,E_ system, the difference in o
B energy between the two T

strings is increasing with 5 0.40
time, but it’s not so high L

(~0.5kWh). = 0.30

0.20

» For the 27t the 28t and
the 29t of May the energy 0.10
loosed due to soiling
reaches ~ 0.57kWh. This is 0.00
equivalent to 9.1% of the
system’s production.

0.02
5/4/2017  5/8/2017  5/12/2017 5/16/2017 5/20/2017 5/24/2017 5/28/2017

» The average energy loss during the whole exposition period
S| was of 0.29kWh due to soiling. This is equivalent to 4.9% of
the system’s production.

puslisll s o0& 2000
Witilolannilitsisis
fAOHAMMED vi

oLYTECmMMNIC
UNIVERSITY




Soiling effect on the PV systems

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

0.70

» For the Amorphous 0.60

g"/lB.E.S,E_ system, the difference in o
B energy between the two T

strings is increasing with 5 0.40
time, but it’s not so high L

(~0.5kWh). = 0.30

0.20

» For the 27t the 28t and
the 29t of May the energy 0.10
loosed due to soiling
reaches ~ 0.57kWh. This is 0.00
equivalent to 9.1% of the
system’s production.

0.02
5/4/2017  5/8/2017  5/12/2017 5/16/2017 5/20/2017 5/24/2017 5/28/2017

» The average energy loss during the whole exposition period
S| was of 0.29kWh due to soiling. This is equivalent to 4.9% of
the system’s production.

puslisll s o0& 2000
Witilolannilitsisis
fAOHAMMED vi

oLYTECmMMNIC
UNIVERSITY




Soiling effect on the PV systems

» The difference in the
energy losses between
the technologies can be
explained by the
humidity variation

=T between the day and

the night, and the

Energy loss (%)

g modules temperature.
a4 > The Monocrystalline 542017 582017 51212017 5/16/2017 52012017 5/24/12017  5/28/2017
é modules are sensible to =#=—|\lono ==#==Amorphous
N the temperature, which
8 contribute to the 100 ~ Technology mono Amorph
- evaporation of the : Max.
% dewdrops on the » :":'r:::’“‘ ALSXES.LX
[ surface. This causes an : : energyloss  18.6% 4.9%
a4 agglomeration and »
O cementation of the dust N
S on the surface, thus a 10
S . .
&”MMJZ::;;% eh enereyloses @“m@;“@‘:@%“~t>°v&‘:@%*gifﬁ:gg%g@:@j@:@:#@;@“ﬁfﬁgﬁrf@“&@f

MOHAMMED VI
PoLYTECmMNIC
UNIVERSITY



Outdoor Exposure- Moroccan &°® ;° /

African Sites
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70 Specular reflectance loss
after 24 months in %
60
50
= Erfoud
10 Missour
30 Tan Tan
20 ®m Zagora
* el bl I
0 I-I r l-l "I r l-l l" Yamoussoukro
A B c B E E & H !
Max Min Mean Yearly sum solar Mean wind r:f::\II‘e
Location | Latitude |Longitude |Temperature| Temperature | Temperature | irradiance GHI d [m/ humidi
[°c] rcl [l [kWhim | SPeedImisl | humidity
[%]
Missour 32,86°N | -4,11°E 40,6 -1,8 18 2023 3,6 481
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 [-5,275°E 39,44 13,07 26,20 1652 2,4 75,5
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- Developing adapted
-y green technologies

to help the African
Dream happen
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ikken(@iresen.org

Developing adapted
green solutions for
the wealth of the

future Africa
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Institut de Recherche en Energie
UNIVERSITY J




