Soiling Losses for Concentrating
Solar Power — Prediction,

Assessment, and Mitigation

Michael E. Cholette
Associate Professor
Queensland University of Technology (QUT)




Outline

* Introduction

* Soiling modelling & prediction

* Experimental activities & model prediction assessment

* Model enhancement & characterizing prediction uncertainty

* Cleaning optimization: balancing cleaning costs & reflectance
losses

* HelioCon soiling subtask
e Conclusions

2  Soiling Losses for Concentrating Solar Power | Michael E. Cholette



Who are we? ASTRI Node 5 (QUT/Flinders)

P5.4 Operation & Maintenance

A/Prof. Michael Cholette

Dr Giovanni Picotti Dr Huy Truong-Ba

7=
* Reliability Engineering

! * Soiling modelling & analysis « Condition-based
. Dyr?am|c systems.&.conltrol * Heliostat cleaning optimisation  paintenance
* Maintenance optimisation .« Receiver thermal modelling  + Heliostat cleaning

optimization

Navid Mohammadzadeh  Cody Anderson

nnnnnnnnnnnnnnnn

* Soiling & experimental « Anti-soiling coatings &
dust analysis dust analysis

* CSP Dispatching

Schannon Hamence Prof. David Lewis  Dr Madjid Moghaddam
|: B H

* Nanoscience
* Coatings

P5.3 Advanced Materials

Prof. Ted Steinberg A/Prof. Geoff Will

|
_ g

* Materials Engineering  Corrosion characterization

Dr Stuart Bell

* Corrosion analysis
* Solid Mechanics

* Materials
characterisation
* Corrosion analysis



Soiling losses for CSP plants

* Loss of reflectance can be an
important detrimental factor in
solar tower plant productivity

* Losses betwe*e*g 0.3%-3% per

day reported™

* Cleaning costs and productivity
losses due to soiling have both
a significant and comparable
costs in some locations

 TEA shows significant effect of &'

1.75

fleld reﬂeCtance on LCOH 0.82 0.84 0.86 0.88 0.9 0.92 0.94

Field Reflectance (fraction)

*A. Alami Merrouni, et al. (2020) CSP performance and yield analysis including soiling measurements for

Morocco and Portugal, Renewable Energy N o , Preliminary results from Chad Augustine’s
** Klemens lise, et al. (2019) Techno-Economic Assessment of Soiling Losses and Mitigation Strategies for Solar

Power Generation, Joule Technoeconomic Analysis Seminar



Soiling & cleaning work at QUT

1. Goal: develop and understanding of how/why soiling rates
vary, predict them, and plan mitigation at site selection

2. Developing a physical model for soiling that enables
prediction of soiling rates for potential and current sites.

3. Undertaking experimental activities to 1) characterize
soiling processes at different sites; 2) compare and

characterize measurement techniques; 3) estimate e
parameters and validate soiling model predictions

4. Developing cleaning strategjies that optimally balance the
cost of cleaning with production. Two main approaches:

— atime-based approach, which identifies an optimal cleaning
schedule based on reflectance losses predictions

— a reflectance-based approach, where reflectance threshold(s) - e -
trigger cleaning,
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Soiling modelling & prediction




Soiling losses for CSP plants

Purely phySICal mOdels too detalled Input layer Hidden layer
slow, and challenging to parameterlze ot 1> [ ]

* Many existing models based on ontrs
regréssion or Al (e.g. ANN)*** <<l

* Nice part of this: reasonable predictions '""’””*- ~\*‘- ]
for a site without too much effort!

* Challenges with this approach: \\
Inputné-

Output layer

e Physical meaning lost
e Little hope of extrapolation to other sites

* Bad predictions hard to diagnose — only From
remedy IS more data AR; = 28.735 — 24.98 x, — 0.031692 x, — 0.23935 x3—4.4108x4—0.1476x5—Dv.004157(-]1x6+

0.26417x, — 0.5433 xg — 0.60992 x4 + 0.0046309x,, + 0.014847 x,x, + 2.075x,x, + 0.10884 x, x5 +

° O u r O n go I n g d eve I O p m e nts a re m OVI n g 0.13078 ;lx-,. + 1.11686 X1Xg — 0.0029803 X1 X109 + 0.01890091353955 + (1}.0282711x4x; : 0.0041622x51x:+

towa rd a" CO m p ro m Ise - a Se m I_ Oﬂoggg%ggx;:;;_()3%13;%[;291?1 J(rlg.é}jlﬂfgligxg —0.01704x5x5 — 0.00033667x5x15 — 0.013107x5x4 +
physical” approach From * v g

Weights

* Bonanos, et al. (2019), Characterization of Mirror Soiling in CSP Applications, SolarPACES 2019
** Conceigao, and Collares-Pereira (2018), CSP Mirror Soiling Characterization and Modeling, Solar Energy Materials and Solar Cells
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Key processes
Generation, Deposition, Adhesion/Removal (and loss!)*

.  Lifting mechanism
Generation « Global/local transport

= Other sources/sinks

Global circulation

o * Gravity
Deposition  Turbulence and
boundary layer

* Van der Waals forces

5 « Capill. f
Adhesion aahai

* Electrostatic forces
* Cementation

Wet
precipitation

* Wind
Removal * Gravity

* Rain

*Picotti, et al. (2018). Soiling of solar collectors - Modelling approaches for airborne dust and its interactions Reflectance « Shading & Blocking of
with surfaces, Renewable and Sustainable Energy Reviews LosS particle
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Generation
Lifting, saltation, & transport

< Global circulation

Wet
precipitation

Wind

) ;

Lt _ 4

_—

W’ e

2
Gravity and
cohesion

* Challenging to have predictive |
models at local levels

e Large number of parameters
and global scale of the
processes

* Measuring dust can “short-
circuit” need for detailed
generation model

*Picotti, et al. (2018). Soiling of solar collectors - Modelling approaches for airborne dust and its interactions

with surfaces, Renewable and Sustainable Energy Reviews
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**

Soiling model overview™

Adhesion Removal

Reflectance

Deposition

Gravity Gravity

* Turbulence
and inertia

* Picotti, et al. (2018). Soiling of solar collectors - Modelling approaches for airborne dust and its interactions with surfaces, Renewable and Sustainable Energy Rewews
** Picotti, et al. (2018). Development and experimental validation of a physical model for the soiling of mirrors for CSP industry applications, Solar Energy a k5
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Deposition
The resistance model*

Deposition S L,

Airborne Dust DUSt F|UX
_ kg]
§ Ft(d) - Cd Va m2s
on
5 =
= o . .
§ B e Deposition Velocity
= =
g & . N
E E T 2 va = f(d,vg75,7p)
g 2 g - 1
= Vg + —

Deposited Dust

*Seinfield and Pandis (2016), Atmospheric Chemistry and Physics: From Air Pollution to Climate Change.
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Particle diameter

Concentration at diameter d

Gravitational settling velocity
(next slide)

Aerodynamic resistance (in two
slides)

Boundary layer resistance (in
two slides)



Deposition

Aerodynamic Drag

12

Airborne Dust

1
v, =
d T'a+7"b

Gravity

C, —
CD -

Fgravity N-s
Te | =
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Terminal velocity (from force balance)

_ d*pgCc
4dpgC 0.5
—_ C
Vg = (—3CDpa) Re = 0.1

Deposited Dust - Units | Description

k
I F drag p —%
m

N

Particle density

Slip correction factor (for non-continuum effects)

Drag coefficient

Dynamic viscosity of air



Aerodynamic resistance Boundary layer resistance

Deposition i (£) L1

Z
y = — \Zo) w.(Eyr + Eqn)eRy
Airborne Dust KU
St? 1
Ebr — SC—l/Z Eim = m R1 = exp (—St /2)

Turbulence

Expressions for 1, and 7, depend on land use /
atmospheric conditions

U

m/. Wind speed

<
)
Il
Qﬁ

Boundary
Layer

Inertia

Deposited Dust

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

2 _ kpTeCe . . .. .
D me/ = e Brownian diffusivity of particles

ol . U

Friction velocity = ——

u, my y 1n(Z)
Z0

. Vq m?/,  Kinematic viscosity of air

Sc = Schmidt number=1;—“
2
\ St = Stokes number = 22~
ST Vag

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

K, kp - ]/K von Karman and Boltzman constants



Soiling Model

Adhesion vs gravity moments

‘ | 3 Adhesion % Removal N ‘ |
Force of Adhesion (van der Waals)

Condition for removal for particle of
diameter d:

Mremoval(at» d) > Madhesion (atr d)

Dust particles are assumed to be Removal is assumed to be due to
rigid spheres made of Silica gravity-induced rolling



Reflectance Loss

Reflectance is a function of the incidence angle 0

* First surface vs. second surface™ ™"
* Second surface is more likely for solar mirrors

* Assuming: 1) the reflectance loss is not too
high; 2) that 8 is “far enough” from zero or 90°

* The soiled reflectance is approximately

2Asoil,t )

=pn| 1=
Pr=Po ( cos(0) Anmirror

Where Agy;; ¢ is the particle area at 6 = 0

* Al-Hasan (1998) “A New Correlation for Direct Beam Solar Radiation Received by Photovoltaic Panel with Sand Dust Accumulated on Its Surface.”
** Bellmann et al. (2020), “Comparative Modeling of Optical Soiling Losses for CSP and PV Energy Systems.”
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Soiling Model

Putting it all together

1
Ta + 1))

va(d, U, Tp) = vy +

Fi(d,Uy, T;) = Ci(d) - vg - cos(ay)
ne(d) = ftf;FT(d, Ue, Ty)dt (number dist. on mirror)

d¢

Deposition
d. = mind
s.t. Madhesion (“tr d) < Mremoval (at' d)
mt(d 2 dC) == 0 :
Adhesion/Removal
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Asoire =7 | 62 mu(8) do
0
~ 2Asoil,t
Asoire = P
_ Asoil,t(et)
pe=po\l—-———— :
™Ter 7 Reflectance Loss |
5000 4 A L3
4000 4 / \ F2.5
m ? L2.0 FIT g
=21 || L 3s
P N
1000 ) Los ‘l-
0 \ 0.0

T T T T T T
1073 102 10! 10° 10! 10?
D [um]

Assumed dust distribution to convert from single
measurement = ((d)




Predicting reflectance using the model

Inputs:

e Discretize into intervals t = ty + kAt, assume deposition velocity is constant in this time
Sample weather variables at beginning of each interval: (Uk, Ty, PMx,k) k=12 .. K
Measure dust concentration PM,, , (This is TSP if x — o)

Average tilts over each interval,a;
Prototype dust distribution 7i(D) (and a corresponding PM,,) i
Known roughness height parameter hrz0 = ZZ—O (property of site and measurement setup')

d
T (Y .
u(Uy, Ty; hrz0) = ZJ D?-v,(D,U,,Ty) - A(D)dD Area loss of a flat mirror
0 when PM,,, = PM,
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Predicting reflectance using the model

Inputs:

e Discretize into intervals t = ty + kAt, assume deposition velocity is constant in this time
Sample weather variables at beginning of each interval: (U, Ty, cx) k = 1,2, ..., K
Measure dust concentration PM,, . (This is TSP if x — o)

Average tilts over each interval,a;
Prototype dust distribution (D) (and a corresponding PM,,)

e Known roughness height parameter hrz0 = Zi (property of site and measurement setupf)"
0 £ of
k-1
A PM, ; _ _
Asoitk = W’ -cos(a;) - u(U;, T;; hrz0)  Cumulative area loss since t
i=0  *
pr =p (1 2Asoi ) Reflectance at incidence angle 6
k= — k
0 cos(0x) Amirror



Recent developments: a stochastic loss model

Recently, we’ve been exploring the use of a stochastic model to try to assess
prediction uncertainty

k

I
[y

PM,
PM,

Asoir e = - cos(a;) - [u(U;, Ty; hrz0) + €]

I
=)

l

where &; ~ N(O, ajep) are independent noise terms. This model has two
parameters: hrz0 and ajep. We also assume that the reflectance
measurement at time index k; is uncertain:

rki — pki + Eki

with e, ~ V(0,02 ) is the uncertainty for the reflectance measuremerit
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Fitting the free parameter hrz0

* hrz(0 is a function of the site under our previous assumptions
* Reflectance measurements . i = 1,2,..., N available

— _ R 2
hrz0 = arg r’Ill>llil[7‘ki — Dy (h)]

squares)
N Stoch Model (
tochastic Model (maximum
Py —_— — 2 ':
hrz0,64ep = arg rz?fi‘z logp(?‘ki Tki_1|h; Oep) likelihood) ‘
i=1

where p(rx, — 1,_, |1, 04ep) is the probability density function of
the changes (it can be shown that this is Gaussian)

Deterministic model (least < :



B cholette / HelioSoil  Public
|~ Insights €3 Settings

Soiling model available on GitHub

<> Code ( Issues 1Y Pullrequests @ Actions [ Projects O Wiki @ Security
"

[ ] " ;
# main ~ ¥ 3branches © 2tags Go to file Add file ~ m i -
u [ i
Michael Cholette New dust plots and other small improvements. 1305909 20 daysago {15 commits ‘ .'
B data/public ta folder into public and confidential, 2monthsago | - 2
i :

W doc logo. 3 months ago

O gitignore data folder into public and confidential \ :

added gitignore and LGPL License

HelioSoil
[ uCeNsE
[ READMEmd
2 months ago

[ demo_cleaning_optimizationipynb

ivided data folder into public and confidential.
2 months ago

 Tutorial paper forthcoming in

First release version.

M environmentyml

SolarPACES (hopefully!)
HelioSoil: A Python Library for Heliostat Soiling Analysis and Cleaning
7 : s

Optimization

1 1 Gi 1o M.
L) P
. o

e Stochastic model not yet in

! Queensland University of Technology (QUT), Engineering Faculty, 2 George St, 4000, Brisbane, Queensland, Australia

usina weather

th pbut it will b
Dipartimento di Energia, Politecnico di Milano, Via Lambruschini 4, 20156, Milan, Italy.
ing author: michael edu.au
-

a) Cor

* Data from QUT experiments
X |
1. Introduction
The performance of Solar Tower (ST) power plants is significantly affected by the optical efficiency of the : g

solar field, which can be significantly degraded by soiling of the heliostats. Studies addressing and
investigating the soiling process are available in literature, however challenges remain due to its high site-

Y D I 1 1 specificity, dependance on dust properties, and continuous alteration of shaded area and removal forces due
eve O p I I l e n I S a C I Ve a n to the movement of the heliostats. Moreover, soiling-induced reflectance losses are yet not properly K
accounted for in commonly adopted software for CSP plant design and lifetime cost assessment! and only _."
W I | | C O n t I n u e fo r S O I I l e t I I I l e estimate the impact of soiling and to optimize cleaning regimes in CSP, there is currently no available L
software for estimating soiling losses and/or optimizing cleaning for the given CSP plant.

limited capabilities are available for PV technologies?. Although models have been recently developed to
Soiling Losses for Concentrating Solar Power | Michael E. Cholette
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https://github.com/cholette/HelioSoil

Experimental activity & model
prediction assessment

Australian Solar Thermal
Research Institute




Soiling Rig #1 — QUT

Acceptance Angle: 4.6-46 mrad
Wavelength: 0.4-0.8 ym
Incidence Angle: 15°
Repeatability: +0.2%
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Performance of the model on QUT data

Different degradation rates due to
Used for fitting different wind/airborne dust

Experiment 1, tilt = 0° Experiment 2, tilt = 0° Experiment 3, tilt = 07 Experiment 4, tilt = 0°

10 10 10 10
- 09 ; e bug-_—\zzb_“hﬂ-\ -, 0.9 -, 09
wry Ay Ay i
— — — —
k= b k= ]
= 0.8 = 08 = 08 = 0.8
= =1 =1 =

—— Reflectance Predicticn
0.7 { —— Measurement mean 07 07 074

TSP (mean = 12.19 ug/m?), Wind Speed (2 .03 m/s) TSP (mean = 16.19 pg/m?), Wind Speed (2.03 m/s) TSP imean = 13.95 pg/m?), Wind Speed (2 23 m/s) TSP (mean = 2279 pg/m?), Wind Speed [1.9-.!'.";1‘1,!’5]

L6 3 L6 Ls
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Experiment 1, tilt = 0°

Experiment 2, tilt = 0°

Experiment 3, tilt = 0°

Experiment 4, tilt = 0°

10 10 10 10
C - 03] JE—— L os __\'—'——?:—NE_\ w09 w 09
e n " v w
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— = = = =
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(- 07 { == Measurement mean 07 07 07
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Y 10 10 10 10
q) 5 094 __——H n 09 —_‘\Q’\ = 09 w 09
= = I e
(0)) = o T o
= 08 = 08 s = o8
- = = = =
07 07 07 07
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Y _"\.::_—,._.ﬁ_ﬁ__‘
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Used for fitting
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Soiling Rig #2 — Mount Isa, Queensland

¢ |nstallation of dust and weather
monitoring station

* Deployment of mirror test rig with 18
differently tilted and oriented samples

* Measurements taken with a D&S
reflectometer twice a day for one week

Acceptance Angle: 4.6-46 mrad
Wavelength: 0.4-0.8 um
27 | Soiling Losses for Concentrating Solar Power | Michael E. Cholette Repeatability: +0.2%



Example Data
Mount Isa

* Sample data on the right

TSP and wind speed available
* No rain

* No relative humidity sensor

* Losses are between O (vertical)
and 0.02 during the experiment
for the six mirrors that we’ll look
at
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plit) at 15.0° plt) at 15.0°

oit) at 15.0°

Performance of model in Mount Isa
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plt) at 15.0° plt) at 15.0° plt) at 15.0°

pit) at 15.0°

Testing on a subsequent experiment (Mount Isa)
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Soiling Rig #3 — Wodonga, Victoria

* Dust sampler measures * 5 mirrors facing East and West
five different PMX fractions e Tilted at 0°.5°.30°.30°. 60°
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Reflectance of soiled mirrors at different tilts

" Soiling T, Agreement |
* Models developed have reasonable =
agreement with experiments " J '
= 86| TDGS
* Ongoing data collection will help assess | I e ometer
impact of different assumptions (e.g. . . L i

size distributions)

* Other experimental activities:

 Comparison of measurement techniques for &
(artificially) soiled mirrors (right)*

* Moisture effects on deposition (this July
2022 at Fraunhofer ISE)

* Picotti, et al. (2021). Evaluation of reflectance measurement techniques for artificially soiled solar reflectors: Experimental campaign and model assessment, So(ar‘I'::nergy.Méteria.ls'é'nd Solar Cells
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Cleaning optimization




Cleaning optimization
Total cleaning costs

34

Early work in fixed-frequency cleaning of entire field
assumes deterministic (average) losses

But, soiling is uneven across field, can be highly
stochastic, and have seasonal statistical properties

Given the dust-in-air of a site, need to decide on_
cleaning resources (trucks, people, etc.) and timing of
cleanings of different sectors

Some approaches:

— a time-based approach, which identifies an
optimal cleaning schedule based on
reflectance losses predictions

— a reflectance-based approach, where
reflectance threshold(s) trigger cleaning

Soiling Losses for Concentrating Solar Power | Michael E. Cholette
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Cleaning optimization
Total cleaning costs

Optimal cleaning minimized the total cleaning cost:

TCC — Cva'riable ' ncl + Cflxed ) ntruCkS + Cdeg

where Cyarigpie iNCludes water, fuel, etc., and Crjyeq is mostly
depreciation of the trucks and operator salaries.

T N

Cdeg = Z Z Nopt,ij (1 fsozl 1]) A DNI; - "Ntn,i " Mpb - pl
i=1 j=1 (clean) optical efficiency at |
time interval i for sector j
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Cleaning optimization
Total cleaning costs

Optimal cleaning minimized the total cleaning cost:

TCC — Cva'riable ' ncl + Cflxed ) ntruCkS + Cdeg

where Cyarigpie iNCludes water, fuel, etc., and Crjyeq is mostly
depreciation of the trucks and operator salaries.

T N

Caeg = Z Z Nope,ij * (1= fooiwij) - Aj - DNI; - Teni - Tpb - Py
i=1j=1  Soiling factor (from the + perfect cleans) '

for each sector/time
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Cleaning optimization
Total cleaning costs

Optimal cleaning minimized the total cleaning cost:

TCC — Cva'riable ' ncl + Cflxed ) ntruCkS + Cdeg

where Cyarigpie iNCludes water, fuel, etc., and Crjyeq is mostly
depreciation of the trucks and operator salaries.

T N

Caeg = ZZ”OW i (1= fsoivij) * Ay - DNI; * Neni - T Pl
'=1J=1  Area of sector j and DNI at time interval i
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Cleaning optimization
Total cleaning costs

Optimal cleaning minimized the total cleaning cost:

TCC — Cva'riable ' ncl + Cflxed ) ntruCkS + Cdeg

where Cyarigpie iNCludes water, fuel, etc., and Crjyeq is mostly
depreciation of the trucks and operator salaries.

T N "
Caeg = ZZ Noptij - (1= frowij) - Aj - DNI; - Neni ~ Tp - Py P
s Thermal efficiencies of .

receive and power block
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Cleaning optimization
Total cleaning costs

Optimal cleaning minimized the total cleaning cost:

TCC — Cva'riable ' ncl + Cflxed ) ntruCkS + Cdeg

where Cyarigpie iNCludes water, fuel, etc., and Crjyeq is mostly
depreciation of the trucks and operator salaries.

T N |
Caeg = ZZ Nopt,ij (1- fsoil,ij) - Aj - DNI; - Neni - Mpp - Di oy
s Price of electr'i<c'_ity'
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Cleaning Optimization

Reflectivity

Reflectance Based™ ™" -

* Reflectance measurements can
be used to trigger cleaning

* Cleaning policy maps sectorial
reflectances to a cleaning
decision at each time

* Policy parameters optimized via

_________

Cleaning threshold
varied through time

Time

(approximate) dynamic
programming (ADP)

Input:

DNI, solar field
designand
location

* ADP exploits stochastic simulation

Random input:
wind speed,
PM10,

air temperature

enabled by physical model and

historical weather data.

* Truong Ba, et al. (2017). Optimal condition-based cleaning of solar power collectors, Solar Energy

=

=

Optical model
+ SolarPilot —

!

Physical soiling
model
(simulation
module)

=

** Truong-Ba, et al. (2020). Sectorial reflectance-based cleaning policy of heliostats for Solar Tower power plants, Renewable Energy

Random output:
Reflectance loss of
each sector for
each time interval

=

Building | R
empirical -
distributions | .-

Output:
Optical efficiency
of each sector

Output:
Distribution £
each time




Cleaning Optimization
Reflectance Based™ "

12 Benchmark policies Proposed policy
1.RC W2.TC W3.FC m4.SC-fixed]|m5.SC- flexible
10
Picking the
T s right cleaning
= resources is
5 . key decision if
E resources are _
= “owned” Smarter scheduling
:3" 4 |nr can save a bit (~2%) ||||
8 12 24

Number of trucks

* Truong Ba, et al. (2017). Optimal condition-based cleaning of solar power collectors, Solar Energy
** Truong-Ba, et al. (2020). Sectorial reflectance-based cleaning policy of heliostats for Solar Tower power plants, Renewable Energy
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Soiling subtask
Scope

* Concerned with the development of soiling measurement,
modelling, and mitigation techniques to characterize soiling
losses and plan mitigation measures for existing and planned
CSP plants

* Key areas:

e Soiling measurements
* Modelling and characterizing soiling processes
e Mitigation (including cleaning and coatings)
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State of the art

Measurements

e Portable reflectometers and
sampling are a common
approach

* A few automated (AVUS,
TraCS, drones), few utilized
commercially

(A) TraCS (TraCS4 variant shown) By AVUS.
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State of the art

Modelling and characterizing soiling processes

Lf't off

* Soiling losses during site /~

Airborne Dust

selection are highly uncertain F '
* Mostly regression analysis, o |
but a few physical models - $"

Deposited Dust

have been developed (mostly 71
resistance-like models)

* Many unvalidated simplifying < 7}
assumptions (moisture
ignored, spherical particles) R

From: lIse et al. (2018) Fundamentals of soiling
processes on photovoltaic modules, Renewable and
Sustainable Energy Reviews

dhesion force [N]
5
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State of the art
Mitigation

e Studies on cleaning systems typically
limited to small studies on prototype
systems

* Anti-soiling coatings seem effective in
some cases, but durability remains a
question

* Economics of cleaning solar fields
have been addressed quite thoroughly,
but interaction with plant design is still
not well explored
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Field Position (North+) [m]

From: Wales et al., Optimizing vehicle fleet and assignment for
concentrating solar power plant heliostat washing, IISE Transactions

https://helioscsp.edﬁw/ta_g/d’éaning—_syéiems—for—heliostats/



Soiling subtask
Top gaps

Develop methods to quickly assess if soiling
may be a problem at a site

Integrated Mass
Heliostat Production

Conceptual Design Components

Deployed Field

So5: Soiling evaluation at
site selection

So15: Trade-offs between So14: No standard or data to

soiling losses, cleaning regime,
design choices (e.g., site
selection, solar multiple), and
heliostat reliability are poorly
understood

assess anti-soiling coating
durability/performance

So13: Design and automatiqﬁ
of new cleaning systems is -
underexplored j

48  Soiling Losses for Concentrating Solar Power | Michael E. Cholette




Conclusions

Australian Solar Thermal
Research Institute




Conclusions

* Reported soiling losses for CSP vary widely — both in literature
and in practice

* Models have been developed with some reasonable accuracy
after the have been “tuned” to site

* Mitigation measures have mostly explored the balance between
cleaning costs and lost production under exiting technologies

* Mitigation outcomes are clear: get the right cleaning resources lf"
you own them. o

« Caveat: If you are “contracting out” cleaning, you might nee_.d""'t__o"
be a bit more careful about timing
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Conclusions
What’s next?

* Soiling modelling & assessment:
e Model improvements and getting rough parameters without experiments
e Development of a standard site characterization methodology
e Update, maintain, and refine use cases for Python soiling library

* Soiling subtask
e Release roadmap report
e Develop recommended pathways for addressing key gaps
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Questions?

Contact details:

Michael E. Cholette

michael.cholette@qut.edu.au

www.linkedin.com/in/michaelecholette
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More From HelioCon

Past seminar presentations now
available on the NREL YouTube
learning channel:
https://www.youtube.com/playlist?list=P

LmIn8Hncs 7 bGAK-hIf4gxuAbHUHK-xgZK

Slides available here:
https://drive.google.com/drive/folders/
1162LN82ImgurpCODNJDLKSERCWo-
698R?usp=sharing

Subscribe to the seminar series or get
in touch:
heliostat.consortium®@nrel.gov

Next Seminar July 13t!

HelioCon Seminar Series: Heliostat
Aerodynamics and Wind Load: Measurements,
Characterization, and Prediction in Atmospheric
Boundary Layer

Speaker: Dr. Matthew Emes, AU

When: 4-5pm MDT Wednesday July 13t
Zoom:https://nrel.zoomgov.com/j/16003595857?p
wd=VENUTG9BK0J1T2xhazh0Y1JDRXI6QT09
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