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Global Horizontal irradiation
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Correlation between Arid climate and Irradiation

Global Horizontal irradiation
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Difference in climate in Arabian Peninsula

Doha
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The average hourly temperature, color coded into bands. The shaded overlays indicate night and
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QEERI Proprietary

Difference in temperature coast vs inland in Qatar

Credit: Adam Skillern
for data preparation

Measurements
provided by QEERI’s
Air Quality Group led

by Mohammed Ayoub

Ash-5hahaniyah TEMP_degreC

F2010
2000+
1800 -
1600
14010
1200
1000 -
00 —

B0 —

400

200+

[y

Frequency

6 & 10 13 15 17 19 22 24 26 26 31 233 35 37 B 42 44 46 45 1

Wakra TEMP_degreC

TEMP_degreC

F200 3
2000
18300 -
1600 -
1400 -
1200
1000 -
00 —

G000 —

4100 —

200+

[y

Frequency

6 8 101214 16 15 20 21 23 25 27 29 31 33 35 37 33 40 42 44 45 45 50

TEMP_degreC

RiTta

gLl
Al Ghariyah
Bahrain Al*Arish Fuwayrit
b,99
1
Ad-Dahirah
oalbll
Al-Ghuwayriyah e
QJ)JgQJI
1
Al Khor
|
Al- Jumayhyah 292
\ Sumaysmah
\ Al Dosari'Zoo and
Dukhan Game Reserve
Ul})
Zughayn
al Bafth Qatar Doha
D0 a>qall
Umm Bab
b el 5 Al Wakrah
(5] Abii Nakhlah 8,Ssll
abso ol —
elo,Jl
Al-Kiranah : Al Ghariyah
; Mesaieed . e
ale,sJI B a h rain Al "Arish Fuwayrit
I b,59
Al Kharrara 1
|zl j
| 2l Ad-Dahirah
: o,albll
| M | Mazia'at Al-Ghuwayriyah
| Salwa Turayna & g2l
Soliw Ay AL, 0 1
I [5] Alsmak
| A Al Khor
Ras Abu o=l
| Gamys Al-Jumayliyah <
G”"“‘s ol ol Gl ol Sumaysimah
| 7075) o g e Qosutaons
E Map d
| L e— el
Dukhan ) Lusail
Ash-Shahaniyah
: uls> R Iy gl
Zughayn t
al Bahth
| ) Qatar
| Umm Bab
I S — Souq
| [s] Ab{ Nakhlah
alx ol
| Atﬁ!f;ﬁh Mesaieed
Al Kharrara
8,1,
Mazra'at
Salwa Turayna
Solow Qs ac,jo
[5] Al Slkak

ECHY] Ras Abu
Gamys
vased il ol
(7075)
5]

Nebak
s

Goss) Google




New classification of climate stressors for PV modules

Photovoltaic Degradation Climate Zones TABLE 1

Stressor thresholds for photovoltaic climate zones. Zone T2 compnses sites with module temperature between 14 and 19 C. Zone T1 compnses sites with
P P pe p

) module temperature lower than 14 C. Only 5 zones are defined for specific humidity and wind, a dash is used to signify “not applicable.”

Todd Karin *, C. Birk Jones 7, Anubhav Jain *

Threshold
Description Symbol | 1-2 | 2-3 | 34 45 56 | 67 | 7-8 | 89 [ 9-10
" . Module T ture (°C T 14 1 24 2 34 3 44 4 34
Lawrence Berkeley National Laboratory, Berkeley, CA, U.S.A Spﬁc:lﬁi: E:I:'ﬁed?ty E;f{g)) o o 4-91' o ]{}?5 : _9 : _!} :
fSandia National Laboratory, Albuguerque, NM, U.S.A Wind, 25-year MRI (m/s) W 1 33 | 36 | 30 - - - - -

Since the rate of many degradation processes such as
solder bond degradation or encapsulant browning follows an
Arrhenius dependence [13], [14], [15]. an Arrhenius-weighted
equivalent temperature Tpq has been identified [6], for
quantifying the amount of temperature-activated stress present
at each location, defined by

E, 1 f2 E,
exp | — = exp | ——— | dt (1
d ( kBTﬁq) ta — 1t /;1 P ( kBTm(ﬂ) W

* Degradation mechanisms are activated by
high temperatures and large temperature
cycles amplitude

Arabian

Equivalent Temperature, rack, 1.1 eV

Sea

 Combined stressors (humidity, temperature,

UV, wind load, corrosive atmosphere) are the Sri fgnka

most detrimental AT s B S
%!i’;a —-10
* Those parameters can vary significantly https://pvtools.lbl.gov/pv-climate-stressors
throughout climate zones which are
considered similar and during the year T. Karin, C. B. Jones, and A. Jain, “Photovoltaic Degradation Climate Zones,” in

2019 IEEE 46th Photovoltaic Specialists Conference (PVSC), Jun. 2019, pp.
0687—-0694, doi: 10.1109/PVSC40753.2019.8980831.
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QEERI Proprietary

temperature & Relative humidity measurements
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1min time step module
temperature measurements

(July 2018)

Module Temperature in July 2018, Tmin time step, daytime only
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 Ambient air temperature or daily average module temperature measurements are not sufficient to describe the temperature stressor
* Detailed measurements throughout the day provide a better assessment of the worst case conditions likely to affect the module (e.g

module temperatures above 70°C while ambient is 45°C, no hot spot considered here)




Other climate stressors : Humidity, Wind speed, Corrosion

N N w W £
o un o o o
L 1 L L

ambient temperature [°C]

=
un
1

|5raet....|O...Q.....l..l..ll.l........l‘.l‘......l..l..l..l........l..l..l..l..!..-.....l....ll.l‘.l..l..l..-..-..-.........1

.'.'....’............O.....‘..‘.........'.....'.....'...‘..‘..‘....l..l..-..‘le.....‘.............l..-..l..l............‘
¢ l.l..‘..O..OOC.l..l..l..l..!........."l....l..l..l..l..l...........l.'l..l..l...0...'...........l..l..l.....-0......'...‘]
LA LLL L LL L LR L LAl Ry L)
!’ﬂ-‘l..l..l....‘
. ‘k.........'...

CLLLI LU L L Ll L L]l LLLLL L L L L LL]

LLL L LLLLLLLL. ]

seane LA L AL L] assssaERRR

sasSSSSSSSSORSORREREES

SRS RRRRRRERRRRRRRRORRERRS
SOOI BB EEORERORDONOBEOREIREAD
SRR RN RN SRR R RN RN RN RN R R R RRRRRRRRRRRRY
SRR R RPN NP RN RN RN NP RN F RPN R PR PR R PR RN RS
Peess | S0000000ORRORRRRRRRRRRRORORRRERRERRREORRRRRERRERRES
BESEE SO0 OERERSRRO RO BERORBROOOROBRERRAR
peeses SRR RN R RN R R RN RN RN R RN RN R RN RN R R RO R RRRRR
pass LLLLLL L LA LRIl yy L
L L 2 ] S0 SSRSSREERRRRRRRRRR RSO R RO RRRRRRRERRRRRRERRRRRER
L1 PPN R RPN R RN R RN RN R RN RN RPN R R R RN R RN RN R RN RN R RN RN NN RR Y
SSRBABSSNIONONERNINIINNNRNINRERIORORIBRERRNRRRIRES
RSN RRR R RO R RN RN RN R RN R RN R R RN RN R RN RN RN RRRRRRRRRRRRRRY
SRR RRR RN RN R RN RN R R R R RN R RN R R RO R R RN RRRRRRRRRRR RS
(LR A T I A2 AR AR LR R d 0 Rl iR dllddl R lld o
SRR R RSN RRRRRR R RN R R R RN R R RN R R RN R RN RRRRRRRRRRRRRR D
L XL LI L2 AL LR Ll Rl Ryt il R il il iy il Rl e
SRS R RRRRRRRR NSRS R R R RN RN R RN R R RRRRRRRRRRRRRRRRERY
LA AT ARl R R Al Rl i Rl iyl d Rl el il Rl h}
SRS RRRRRRRR SRR SRR RRRRRRRRRRRRRRRRRRRRRRRRRRRRRY
SR SRR RN BRSNS RN RN RN RN RN RN RN RRRRRRRRRRRRD
(LA R e 2 A0 R R A A R R0 X i iRl
SE0RNRRRRR RN SRR R R R R RN R RN R RSN R R R RRRRRRRRRRRRRRRRR S Qﬁldr
SO0 RRRRRRRRRRRRRARNBRRRRBRBBRRBIRNRBRBREBREBRRED
o000 RGR RSO RRRRRRRRRRRRRERRRRRRRRRRRRRRRN
(AL A L A L A L A L L R R A L R Rl L ]
SRR PRSPRRRRRRRRRRRD
sseeSSsRRSRRRRRRRRRRY
esseosssRSORBRERRERRES
GRS BBBRRORRERERRRR BB RRERRRR RO RRRRRRRRRRINE
SRR RN R RN RN RN RN RPN R RN R RN RN R R RN R RN R R RRRRRRRRRRR AR RRRRRANES
LA L L L L L L R L R L L L L L LR L R L L L L R L R I R
RSN R RN R RN R R RN R R R R R R R R RN RN RN R R R R R R R R R R R R R R R R R R R R R R R RARARRRRRRRRRRRRRRRRRRRRR
SRS SRR RN RGN RN R RSN RGN R RRE RN RO RGO RRRRRRRRRR R R R RR RN RO NO TR RRRRARARREN
SSRGS ERORRORRRO RSO RORRRRERRERRRORRORRRRERRRR RGO RGRRRRRRRRRRRGRRRRRRARN
(8000t tt RNttt Rt RRRRRARR R RRRARRRRRRRRRRRRRRRRRRRRRRRRRRRRARRRRES
JEdl a9 eee0000000000000000000000000000000000R000RERRRRORES eSS SERRRERRRRS
. A L LR L L A L R L L R L A L A L L R R L AL LR
SRR OORERRERRR GNP RRRRRERRR RPN RRRR BB RPN RR R RRRRRRRRRRRES
SSRGS RRRRER RN R R R RO R R RN RRR RN R R R R RRRRRRRRRRRRRRRRRRRRRRRRRERREY
LR A LA L A L A Al Rl A L A A Rl Ll Ll A L R R R L
GRS BORRRRRER R R RRR RN RN RO RO RN RN RPN RPN RRRRRRRRRAERRAEY
LA L L A A L L L L L Ll L Ll L L Ll Ll Ll L L L L Ll Ll L L L L Ll Ll i
SRS ER NSO RR PR RN R NN NSRS R R R RN RN RN R RN R RN RRRRRRRRRRRRES
SEGSRNBRRRRSRRORARRARRARRRR RN RERRRRRRRRRORROERAERARNERES
L L L L L L L L A L L L L L L Ll Ll L A L L L L L Ll Ll Ll Ll L Ll Ll Ll
SRS RRSR SRS RRRRRRRERRRRRRRRRRRRRRRRRRRRRRRRRY
SO RBER RSO RRRRERERRERR RO RO RBRRERRRRRRRRNRRRRRRRRARD

presseseseseenees
passesseseeaeRd
pessssseseee
pesssenebied

SO OEEOIODEOBREDETROEREED
SRR RRRRRRRRRRRRRRRRY
PEBOBBRRP RGP RRERRRRRRBORY 3
0GNNSRSO RSB RRRRRRRARRRORRORRERRR
LI P R R R R R Y R R R R R R R R R R R R R RN NSRRI R R R AN 0
SRS R RN RN RN R R RN R RRRR RN RN R AR R AR RRRRRRRRRRRRORRRRR R
LLLL LA AR L L ARt A il Rl il L el lr]
S0 00 000 ROR SRRSO RERRERRRRRRRRRERRRRERRRRR
SRR RRR RN RN RN R RN R RN IR R RN RN R RPN RN RN RN R BB RO RO RO RRR R
SO BOBRRRRRRERRRRRARRRRARRNRRRORNORNERNERNERRRRORRERRRI

(A A L Ll LAl Rl Rl LAl R il il lldllddlld ddlddJliidilillilllyil)l}

SRR BRRRR RN N RN NN SR RO RO NEN RSO ERERRERRRY
SISO ERBESERRDREBODEERER
PSSRSO R RO RRRORRER SRR OB RRRRRER Y
GBS SOOO ORI REERBERARR
SRS RRRRRRERRRRRARORRRRRRRRRI
SOOI GORBIDREAOBREDRBOBRERI
s8R SeBOORRRRR

SO ROORRS

T
un
o

relative humidity [%]

ssevelonsenseesione
SRRSO RRRRRRRR

. "oy
JnitedrAraiee®
sssssssssasRBERS &

Erabaitdeias

.
sesseebenenipd-at

I
I
o

passaasass
pese e as
pessssssansnn
pesbesdeddsnn
et
pesssssssnsns
peasbdbdabdsns
passasdadbdnn
pessesssnnans
passasaasaan
B BB dbdad
RA S agaeseenas
paTeasIRREED
lllllllllll

Mean Specific Humidity {g/kg )

=
o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De

Highest relative humidity seen in winter in Qatar
but the true factor to be considered is the specific
humidity which is worst in August and September

Specific humidity of more than 20g/kg can be
observed throughout the summer

High wind speed especially during dust storms

High corrosivity due to saline atmospheric content
that deposits on modules and no rain to wash it off
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https://pvtools.lbl.gov/pv-climate-stressors

Climate stressors need to be assessed locall

Koppen-Geiger climate zones
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Based on Koppen — Geiger climate zones all Arabian
peninsula would be considered homogeneous

This is far from being correct and the new
Photovoltaic zones provides a better assessment of
these differences

North of Qatar is already identified in PVCZ 46 and
some stressors are underestimated based on
satellite analysis = Challenge for PV systems
operation but opportunity to test under real worst-
case conditions
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https://pvtools.lbl.gov/pv-climate-stressors
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https://www.pv-tech.org/news/pv-tech-power-21-now-available-to-download

Soiling Loss [%]
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PV soiling in dry climates:
causes, impacts and solutions

0&M | In arid regions soiling can greatly impact the energy yield of PV systems and drive up

their O&M costs. Benjamin Figgis, Amir Abdallah, Maulid Kivambe, Brahim Aissa, Kamran Ali,
Cedric Broussillou and Veronica Bermudez of the Qatar Environment & Energy Research Institute,
and Klemens lise of the Fraunhofer Center for Silicon Photovoltaics, review the main challenges
associated with soiling of PV plants globally, and the most promising techniques for dust prevention
and cleaning in dry climates, drawing on research results from six years of PV performance and

solling studies at QEERI's Outdoor Test Facility in Doha
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Extensive work in QEERI on
soiling published as cover story
of PV Tech Power vol.21

Losses of up to 0.4-0.5%/day
excluding sandstorms

>50% of power lost after high
soiling due to sandstorm

Low precipitation and low water
availability in desert

PV POWER PLANT TECHNOLOGY AND BUSINESS
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QEERI’s Outdoor Test Facility 35,000m?

* Since 2013: Testing of all PV Systems technologies : polycrystalline, monocrystalline, heterojunction, thin films
(tandem u-Si-a-Si, CdTe, CIGS), concentration PV

* Fixed tilt and trackers compared : Older Horizontal Single axis tracker technology has shown the interest and
applicability of tracking the Sun to increase Energy yield in Qatar-> Innovation to optimize also the energy to be
converted from the rear side



QEERI Proprietary

A Consortium with international companies and local stakeholders

Consortium members: DSM, Hanwha Q-Cells, Nice Solar Energy, and Total, as well as Qatar’s
Ministry of Energy & Industry, Kahramaa + SOLTEC
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Conclusions

 Degradation of photovoltaic systems is due to higher value stressors
not to average conditions

* Typical Koppen-Geiger climatic zones do not provide a full picture of
the climate stressors

* Environmental conditions in the Middle East and in desert locations
are diverse and can stress selectively part or all of the PV components
=» Photovoltaic Systems planned to be used in Desert locations
must be designed for and tested in such locations to really assess the
effect of combined stressors

* |ltis preferable to test & demonstrate the technology at small scale to
support large investment for GWp PV plants

 QEERI is glad to welcome Soltec as the new member of the Solar
Consortium

Satellite view of QEERI’s 35,000m?

* PV Systems that « can make it here can make it anywhere » Outdoor Test Facility
Space is available for future collaborations
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For further requests and information:
Dr Cedric Broussillou, Energy Conversion Research Program Director

cbroussillou@hbku.edu.qga

Dr Veronica Bermudez, Energy Center Senior Research Director

vbermudez@hbku.edu.ga
QEERI Communication: geeri-communication@hbku.edu.ga

QEERI at a glance

Key metrics
- 160+ headcount / 120+ permanent staff.

- Approaching 200 headcount by end 2020.

- >4000 m? laboratory space


mailto:qeeri-communication@hbku.edu.qa
mailto:qeeri-communication@hbku.edu.qa
mailto:qeeri-communication@hbku.edu.qa




Site specific conditions can cause reliability issues
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https://www.middleeastmonitor.com/20191217-egypt-giant-solar-park-in-the-desert-jump-starts-renewables-push/



https://www.middleeastmonitor.com/20191217-egypt-giant-solar-park-in-the-desert-jump-starts-renewables-push/

QEERI’s Outdoor Test Facility

d Various failure modes
were observed in PV
modules installed in a

desert climate

 High temperatures and
high UV irradiation
caused earlier failure

than in other climates
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Thermo-mechanical loading: Solar cell micro-cracks

Module edge

Thin film delamination (CIGS)

Back sheet yellowing: polyester Back sheet wrinkles & folds: PVF Back sheet cracking: Polyamide
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