


e Solar Resource Assessment






For concentrate solar power, the direct the Direct
Normal Irradiance (DNI) is a more relevant measure of
the solar resource.

Concentrating solar technologies can only focus
sunlight coming from one direction, and use tracking
mechanisms to align their collectors with the direction
of the sun.



DNI is the solar radiation measured at a
given location on earth with a surface
element perpendicular to the sun ray.

Surface normal to the sun

GHI = DHI + DNI cos9,

DHI

N

Surface
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Yearly DNI in the UAE is only
1934 kWh/m”2/yr.

Locations in Spain have DNI from
2,000-2,300 kWh/m”"2/yr, and the
best location in the U.S. Southwest
have DNI of 2,800 kWh/m”2/yr

19 Feb 2012



GHI, DNI and DHI in W/m?
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Satellite data overestimates the measured DNI of more than 15% throughout the
year due to the fact that the model used to interpret the data do not account for
high aereosol loading in the atmosphere. (bankability of shams 1)

Y. Eissa, M. Chiesa and H. Ghedira “Assessment and Recalibration of the Heliosat-2
Method in Global Horizontal Irradiance Modeling over the Desert Environment of
the UAE” Solar Energy Volume 86, Issue 6, June 2012, Pages 1816—1825



http://www.sciencedirect.com/science/journal/0038092X/86/6
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Martinez et al. (2009) & Met Office









DNI Map on Heavy Dusty Day: Feb. 12, 2009
F:45AM - 4:15PM UAE Time (1 5-min resolution)
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GHI Map on Heavy Dusty Day: Feb. 11, 2009
F:45AM - 4:15PM UAE Time (15-min resolution)
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DHI Map on Heavy Dusty Day: Feb. 12, 2009
S:45AM - £:15PM UAE Time (15-min resolution)
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DNI Map on Moderate Dusty Day: Feb. 28, 2009
8:30AM - 5:00PM UAE Time (15-min resolubion)
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GHI Map on Moderate Dusty Day: Feb. 28, 2009
30AM - 5:00PM UAE Time (15-min resolution)
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DHI Map on Moderate Dusty Day: Feb, 28, 2009
2:30AM - 5:00PM UAE Time (15-min resolution)
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DNI Map on Clear Day: May 28, 2009
T:15AM - 5:15PM UAE Time (15-min resolution)
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GHI Map on Clear Day: May 28, 2009
T:15AM - 5:15PM UAE Time (15-min resolution)
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DHI Map on Clear Day: May 18, 2009
T:15AM - 5:15PM UAE Time (15-min résolution)

L

SI'E SE  SPE  SPE  SSPE S6CE
Longitude

SPE




o~
o

Estimated DNI (W/m

1200

Estimated DNI (W/m?)

a) Estimated versus Measured DNI
Testing Set for Cloud-free Sky Case
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Y. Eissa, P. R. Marpu, |. Gherboudj, H. Ghedira, T. B. M. J. Ouarda and M. Chiesa
“Estimation of direct normal irradiance from Meteosat S 1 EVIRI thermal
channels using a neural network ensemble” Under Review Solar Energy



* The effect of CSR (Circum-
Solar Ratio)



CIMEL is a tracking, multi-filter radiometer
used primarily for inferring aerosol
concentrations from atmospheric extinction
coefficients by performing Langley analysis in

13 bands of the solar spectrum

The SAM is a tracking camera in which the
circumsolar image is captured by a CCD
camera.This gives a measure of atmospheric
scattering of direct solar radiation.
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U Concentrating solar collectors are designed with angular acceptance angles which are
relatively close to the angular size of the solar disk 0.266°. (maximization of the capture
radiation and minimization of the thermal radiation from the receiver)

U Concentrated technology make use of the direct component of the incoming radiation, but
the DNI measurements instruments have angular acceptance angle which is ten times greater
than the size of the solar disk.

WU The solar profile in the UAE has never been investigated, but due to the high aerosols
concentration characterizing the climate in the UAE, we expect high CSR
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Low cost (like RSB)

Reteting
Sradow

Retation Asin
Band

(Volar Auis)

Reliable unattended operation (like RSB)

Simple alignment and operation
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(Aerosol optical depth in several wavelength
bands)
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(Circumsolar radiation profile in several
wavelength bands)

Sour C:-' )

The shadow of the rotating shadowband
covers, progressively, larger portions of
the sun allowing to calculate the
“sunshape” effect of atmospheric light
scattering.

Kalapatapu, R., Armstrong, P., & Chiesa, M. (2011). Rotating
Shadowband for the Measurement of Sunshapes. Solar Paces. Granada



Shadowband Bracket holding the Receiver

>

Stepper Motor  Latitude Adjustment Bracket Licor’s Receiver



Intensity falling on the shadowband reciever
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e Power Demand in the UAE
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Muhammad Tauha Ali3, Marwan Mokhtar!, Matteo Chiesa, Peter R Armstrong “A
cooling change-point model of community-aggregate electrical load” Energy and
Buildings Vol. 43 Issue 1 Pages 28-37, 2011
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100% =5 GW in yr 2008.

GT peaker plants

Mid load CC plants without desalination H,0

Electricty

Base load gas fired CC plants with Desalination

0 2000 4000 6000 8760
hour of the year



100% = 20 GW in yr 2020 .
That means that 50% are

equivalent to 10 GW
capacity

SM = Solar Multiple
= oversize factor of
solar field in
comparison to a
plant without
thermal storage

GT peaker plants
CSP plants with 25% capacity factor (SM = 1.00)

CSP plants with 50% capacity factor (SM = 2.00)

CSP plants with 75% capacity factor (SM = 3)

Base load gas fired CC plants with Desalination

Solar share of installation = 50%, solar share of generation = 41%

2000 4000 6000 8760
hour of the year



100% = 20 GW in yr 2020 .

GT peaker plants
:)thll?ntgs Mid load CC plants without desalination need to
nstatie stay in service
capacity
10 GW
lination need to

Base load gas fired CC plants with Desalination

Solar share of installation = 50%, solar share of generation = 20%

0 2000 4000 6000 8760
hour of the year



* Smart design of solar power
plant: Shams 1












* Local conditions requires local expertise
to implement smart design

* Progress in renewable energy requires
an holistic approach to the energy
challenges.



e The role of Masdar Institute



Ready For the Next Challenge?


MI-Commencement_Online_700x450.mp4

Masdar Initiative — Masdar City, Abu Dhabi

Towards a knowledge-based society

Global platform to search for solution
to energy security and climate change

Development of human expertise in
sustainability

To position Abu Dhabi as a world-
class research and development hub
for new energy technologies

First to occupy Masdar City is
Masdar Institute!
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Masdar Institute’s Sustainable Campus
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A Research Driven University

Independent, private, non-profit
research university

Graduate level (MSc)

Focused on sustainable
technology and clean energy

In collaboration with
Massachusetts Institute of
Technology (MIT)
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M. Mokhtar, M.T. Ali, R. K., A. Abbas, N. Shah, A. Al Hajaj, P. Armstrong, M. Chiesa, S.
Sgouridis “Solar-Assisted Post Combustion Carbon Capture Feasibility Study” Accepted
with minor changes in Applied Energy 2011



M. Stefancich, A Zayan, S. Rampino, D.
Roncati, L. Kimerling, J. Michel and M.
Chiesa “Single element spectral splitting
solar concentrator for multiple cells CPV
system” Optics Express, Vol. 20, Issue 8,
pp. 9004-9018
(2012) http://dx.doi.org/10.1364/0E.20.
009004
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D. Kraemer, B. Poudel, H.-P. Feng, J. C. Caylor, B. Yu, X. Yan, Y. Ma, X. Wang, 3 D. Wang, A. Muto,
K. McEnaney, M. Chiesa, Z. Ren, and G. Chen Solar thermoelectric generators with flat-panel

thermal concentration Accepted for publication in Nature Materials 2011
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