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« Satellite data management and processing
* Solar radiation modelling

* Ground data analysis, data mining and quality control
* High performance computing

* Machine learning and statistical modelling
* Solar irradiance measurements

* Real-time remote sensing

 Software development and programming
* Solar technology assessment

* GIS and Map-server development

* Artificial intelligence

* Climatology and Atmospheric Science

3x Faculty Members

8x Postdoctoral Researchers
5x Research Engineers

8x Research Assistants

2x Visiting Scientists

Publications (2012-2017):.
32 Journal papers

56 Proceeding papers

5 Technical reports

i’ Research Center
Manar for Renewable Energy
~ Mapping and Assessment
INSTITUTE

A Masdar Institute researc h center



Utility-Scale Solar Plants (UAE)

Masdar City: 10 MW PV 100 MW Shams-1: The World’s largest

Operational since April 2009 CSP plant
Operational since March 2013



Long History of Solar Radiation Measurements
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Direct Normal Irradiation 2010
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Direct Normal Irradiation 2013 Global Horizontal Irradiation 2013
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Direct Normal Irradiation 2015

35°E 40°E 45°E S50°E S5°E
}\
30°N f\\ 30°N
2
|
25°N 25°N
20°N 20°N
35°E 40°E 45°E S0°E 55°E
0 250 500 750 km
I .
[ [ N O Y|
1400 1700 2000 2300 2600 2900 3200 kWhm~?
3 ‘ Research Center
. for Renewable Energy c'“\l Sakie
\Mapping and Assessment uLnUnlJl e dlladlaiyao ) Manaf JQ_D_O
A Masdar Institute research center WIRARE INSTITUTE

Global Horizontal Irradiation 2015
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Cloud-free module

-Position of the sun

-Ground albedo

-Sky albedo

-State of the atmosphere:
Rayleigh scattering
uniformfy mixed gases absorption
ozone absorption
nitrogen dioxide absorption
water vapor absorption
aerosol extinction

-Forecasted variables - 24 h ahead:
asrosol optical depth at 5 wavelengths
total column content in water vapor

'

“High-performance solar
radiation model”, e.g.
Rest2 (Gueymard, 2008)

Y

Cloud-free
DNI, DHI,
GHI

Masdar
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Cloudy module
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-Position of the clouds

-Ground albedo

-Sky albedo

-Cloud albedo

-Cloud optical depth forecasted 24 h
ahead

Attenuation of solar
irradiances due to clouds

T

/ All-sky
»- DNI, DHI

7/




Examples of forecasted inputs

“%;,'ﬁzfjv;ghbgeg;g 19 Feb., 2017 at 0900 UTC Masdar
Mapping and Assessng'n‘e,nt INSTITUTE
Aerosol optical depth at 600 nm Cloud optical depth Total column content in water vapor

-

units: cm

2 3 4 5 > 6




?%Rhcr Preliminary results: cloud-free DNI, DHI, GHI ~ Masdar

r Renewable Energy INSTITUTE

ol 19 Feb., 2017 at 0900 UTC
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V.o,  Dust Deposition & PV Performance
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» Arid and semi-arid regions are particularly vulnerable to the accumulation of dust on PV panels.

» Higher degradation in PV performance due to soiling in tropical regions with lower tilt angles.

It is important to investigate the influence of soling on PV system performance to comprehend the losses in
performance.

Such an investigation would also facilitate feasibility studies of cleaning mechanisms and development of
appropriate cleaning frequency schedule.

CHIMRE simulates realistic values of the 12-hour and

. 2 . .
24-hour accumulated dry and wet deposition fluxes (in ~ Pensity (mg/lem?)  a-Si (%) CIGS (%)  CdTe (%)  c-Si (%)

Hg cm-?) of aerosols over the horizontal surfaces along 12 108 9.1 97 9.1
vgltzcgl?%ea?;?ent dust concentrations and Aerosol .. 330 985 301 986
P Pns. » 14 660 -596  -619 596
Daily accumulated dust deposition fluxes show large 19 -2 4 20.6 231 20.6

variability and the values are in between in 0.1 and 100 o T e T
30 -98.4 -97.8 —-98.1 -97.8

Hg cm2 and values may exceed 100 pg cm? on stormy
days.

Lower soiling rates during calm period (winter/autumn)
and higher during dusty months (spring/summer).

H. Qasem et al. Progress in Photovoltaics: Research and Applications (2014)

. ! ’ N\,
‘ Q aslial ealcVlgulyoll = S

: R
Supreme Councdil of Energy ?‘ ik




> I B Research Center
. for Renewable Energy
Mapping and Assessment

A Masdar Institute research center

20170220 12 UTC

50

1 [ [ I
0 05 1 2 3 S 10 15
Accumulated dust depoesition flux {Microgram om™)

43 55

20 25 50

IO 40

® AGEDI

w1 bgd-d L kdis o
EMronment AZency - AR DeAl

Dust Deposition - CHIMERE

Masdar &3 )20 o

INSTITUTE

20170222 12 UTC

Forecasted 12-hour
accumulated dust
deposition

~

/> High spatial
variability in the
deposited flux

» Significant change
in the accumulated

J e ;
\ dust within a day /
0 05 1 2 3 5 10

|
15 20 25 50

Accumulated dust depoesition flux {(Microgram om™)

lal) allcl!l \‘
as
Supreme Coundl of Energy / ‘ \\

@ IRENA

famaliono! Revswotsls sy Agenc



g"f Research Center .
& Dvaponganansesmen - DUSE Deposition — CHIMERE AT

A Masdar Institute research center INSTITUTE

Simulation of Dust Deposition Flux — Monthly means (2010)
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Overview

* The results of many previous studies indicate that the potential of utility-
scale solar photovoltaic (PV) power generation is exceptionally large on
the Arabian Peninsula.

* The recent record-low solar power bids given in Dubai and Abu Dhabi
support these findings implying that an electricity generation cost well
below 2.5 USD per kWh is possible for PV power stations to be installed
In the region by the end of the 2010s.

« Based on the announced capacity additions, the installed PV capacity is
expected to experience tremendous growth by the end of the decade.

* PV power generation represents a lucrative mean to diversify energy mix
iIn the MENA Region.
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Overview (Cont.)

Careful site selection is imperative to minimize the cost of PV electricity
generation.

As opposed to natural gas-fired combined cycle power plants, the cost of
PV power generation is mainly determined by the capital expenses
iInvolved in power station construction.

Capital expenses include many components that show a high spatial
variability.

The potential for electricity generation itself varies in space — primarily
following the geographical pattern of solar resource.

It is also in the government’s interest to form a profound understanding of
PV plant site suitability and accordingly optimize the future site zoning
decisions to minimize the cost of PV electricity generation and create
attractive investment ecosystem.
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1. Photovoltaics in the UAE: Current Status and Future Prospects

I Operational Utility-Scale Capacity in 2016

s | Masdar City, 11 MWp
10 MWp, ground-mounted, 2009

1 MWp, rooftop, 2010 . .
- _ Mohammed bin Rashid Al

Maktoum Solar Park
13 MWp, ground-mounted, 2013

24 MWp

Masdar G5



1. Photovoltaics in the UAE: Current Status and Future Prospects
Announced Utility-Scale Capacity by 2021

RAK Technology Freezone
40 MWp, ground-mounted, 2018

Jebel Ali Port
22 MWp, rooftop, 2017

ul

Sweihan
350 MWp, ground-mounted, 2019

) Maktoum Solar Park, 1 GWp
1,@ 200 MWp, ground-mounted, 2017

) (to be extended to 1170 MWp)
¢ '@l 200 MWp, ground-mounted, 2018

e \‘ ‘ Mohammed bin Rashid Al
g-’q‘.

300 MWp, ground-mounted, 2019
300 MWp, ground-mounted, 2020

2.22 GWp

Masdar

INSTITUTE
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Assessment of energy economic PV potential

« The assessment of energy economic PV potential is done by modelling
the levelized cost of the electricity (LCOE) generated by a potential PV
power station at each site.

« A particular attention is paid to the spatial variability of different cost
components. Instead of commonly used capacity-specific cost estimates,
the assessment is based on decomposed cost components specific to
site and plant configuration parameters.

« The capacity-specific cost data are converted into more appropriate cost
component-tailored indicators, which enable the allocation of spatial cost
factors more accurately to the components actually affected.
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Cost categorization and spatial factors used in the economic analysis

Cost category

Ak
i
i)

3L I T13,l59
MINISTRY OF ENERGY

Masdar
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Connecting infrastructure

Intra-country transportation

Project development

Cost component Specific cost unit Spatial cost factors

Land acquisition
Earthworks

Foundation

Mounting structures

Solar modules

Module cables

Solar cables / DC main cables
Junction boxes

AC BOS

Civil works

Auxiliary systems

Road connection

Grid connection

Substation

Arrays

Civil works

Power block

Plant management
Utilities

Road connection

Grid connection

USD/ha (plant area)
USD/m3

USD/m? (array area with FM and 1AT) /USD/tracker (2AT)

USD/m?2 (array area) / USD/tracker

USD/Wp

USD/module

USD/m2 (cable volume)
USD/junction box
USD/MVA

USD/ha (plant area)
USD/Wp

USD/km

USD/km

USD/substation
USD/m3/km

USD (% of total EPC)
USD/m?/year (array area)

USD/halyear (plant area)
USD/power block/year
USD/MWplyear
USD/MWplyear

USD/km/year

% of transmission line cost

land value
cut and fill volume

land cover
road distance to a cement
factory/industrial area slope

wind load
slope

slope

slope

slope

slope

slope

slope

Euclidean distance to a road
slope

Euclidean distance to grid
land/marine connection
slope

slope

road/Euclidean marine distance to a
primary port

dust deposition
slope
slope

Euclidean distance to a road
slope



3. PV Resource Potential in the UAE
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3. PV Resource Potential in the UAE — Methodology

spatial and

temporal

domain O I:

information

ground-
measured
irradiance
data

satellite
images

Resource potential assessment

Oo—L

Oo—L

Irradiance
modelling

] WGS 84-referenced
maps at resolutions
of 15 min and 0.02°

Irradiance
map re-
projection

Solar
geometry
calculatigh

Equal area-projected
maps at resolutions .

of 15 minand 1 km

S¢lar geometric

_ ,_,L 1aps at resolutions

. fof 15 minand 1 km

Irradiance
transposition

|

X

<

Ga Gb.nr Gd: 85! '[pSr
and Gy, , maps at
resolutions of 15

minand 1 km

Mean annual H, map

at aresolution of 1 ka

Irradiance modelling

1.

>4

Ground measurements at
eight monitoring stations

re

over 2007-2013 .« -
N o < ®

Thermal channel images
taken by Meteosat
satellites converted into
brightness temperature
maps

Artificial neural network
model relating the ground
measurements to the
satellite images




3. PV Resource Potential in the UAE — Global Normal Irradiation
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3. PV Resource Potential in the UAE
Global Polar-Aligned Irradiation
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4. PV Technical Potential in the UAE

By
m ~—
A%5

=

5&6" —
fia

i

Biii

fi
iy



4. PV Technical Potential in the UAE — Methodology

spatial and
temporal

Technical potential assess

domain O [

information

global operational
weather analysis
products

surface

e b ‘,:3 Atmospheric

; modelling

property
datasets

technological
database

G, Gy G, 0s, ®s,
and Gig,,, Maps at
resolutions of 15
minand 1 km

'
maps at resolutighis PP
ofthand1kryff_ .--~
I g
1 1
1
1
1

T, vy, and DDF

Syste
yous TMYdata'set | architedture
| construction | . ]

b ! design

Sysfem design

1
! 1 TMY maps at
! :reso\ut'\onsof - _

1

i

1
:1hand1km - .
| I
1
1
1

System
performance
simulation

HV
transmission
loss estimation

Transmitted power maps at
resolutions of 1 h and 1 km
)

S

System parameter
maps at a
resolution of 1 km

System output

power maps at

resolutions of 1
hand 1 km

1
Annual transmitted
yield maps at a

resolution of 1 km

HV* transmission loss estimation
Estimation of the losses due to the

transmission of electricity from the grid
connection point to all or the closest

consumers

e All consumers — computation based on
the estimated emirate-specific electricity
consumptions in 2014 distributed to 17

urban areas =2

e Closest consumers — the closest urban

area assumed to consume the entire

generation
Technical assumptions:
e Overhead (rocky terrains):

400kV, 1.15 kA (rating), 24 mQ/km

Underground (other terrains):
400kV, 2 kA (rating), 9.4 mQ/km

Transmission capacity utilization:

75 %

* OSSR Elfebs i Fri et tdO R N g

)

Uw&%ﬁ&%&%&w&&a DC: direct current




4. PV Technical Potential in the UAE - Plant Capacity Factor




4. PV Technical Potential in the UAE — Transmission Loss
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4. PV Technical Potential in the UAE — Plant Performance Ratio




4. PV Technical Potential in the UAE
Plant Output-Weighted Average Solar Cell Temperature
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5. PV Economic Potential in the UAE
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5. PV Economic Potential in the UAE — Methodology

Economic potentMe;/ / /

spatial and

temporal O [

domain
information

site
para metero—[

maps

system
configuration
maps

cost p E
componen

vector

yearly
yield  O—

maps

Installed
system cost
computation

map}
O&M cost |

computation

¢

cost: :

component

Cost
scheduling

P yearly cost
O component

maps

LCOE
computation

|

N

financial
parameter
vector

lifetime

]—O parameter

vector

LCOE maps at a
resolution of 1 km

Installed system cost computation

[USD/Wp]

Generation of maps for each

component of the installed system cost

e earthworks

 EPC* (array foundations, mounting
structures, solar modules, DC
cabling, junction boxes, AC balance
of system, civil works, auxiliary
systems)

* road construction

* high-voltage transmission line
construction

e substation

* intra-country transportation

* project development

* DRO¥e pietzdchepanddatentantiyoed construction 33




5. PV Economic Potential in the UAE — Levelized Cost of Electricity
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5. PV Economic Potential in the UAE — Installed System Cost
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Recommended

site zoning for utility-scale PV power generation in the United

Arab Emirates.
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Recommended site zoning for utility-scale PV power generation in Abu Dhabi

Central Capital District.
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6. CSP Site Zoning Proposal
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Capacity Factor

Capacity: 250 MW
26°0'0"N=

Solar Field:

Luz LS-2

2008 Schott PTR70  25°00"N-
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Annual Yield

Capacity: 250 MW
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masdar.ac.ae

For more information: hghedira
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