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1. Abstract 4. Outline of solar PV system simulation - N 6. Key simulation outcomes
The hydrometeorological processes associated with renewables are characterized by procedure: Data, parameters & processes PV module charza\cteristics By contrasting the capacity factor probability curves of the centralized production (benchmark
substantial spatiotemporal variability, and thus uncertainty, which is addressed through e Area:1.77 m : : et : : : T
. . ' . e ' _ = The simulation accounts for the two driving meteorological . . scenario) against the dlstrlbuted sett.lngs, derived through stochastic combinations of PVs
decentralized planning, thus taking advantage of scaling effects. The objective of this work is . o ) * Nominal power: 400 W (upper panel), the following conclusions are drawn:
to provide a comprehensive investigation of the role of scale regarding solar photovoltaic pOFOCGSSGS, e SO|aI.’ radiation, ¥ (W/m) E?nd temperature, ! \__ Efficiency: 22,6 % / = The probability of exceedance can be interpreted as a metric of spatial reliability, thus the
PItelEiel I EIEEEs, Walltn IS ChR @i s ehiliienis (el d(Es, BT s o and twc? techn.lc.al parameters, associated with |c.)a.ne| increpase of PVys atial distribution leads to :Oncreased guaranteed power product‘i,;)n'
macroscopic criteria in terms of solar potential (e.g., topography radiation indices), we select technology (i.e., efficiency, power temperature coefficient). G\ uts ) Outputs P _ . _ -
a sufficient sample of well-distributed locations in Greece. For these points, hourly radiation = At each location, the hourly power production is calculated for S Sl R — " Asthe number of locations increases, the curves become smoother, thus increasing the
and temperature data, derived from satellite products, are retrieved and validated against 15 years (2005-2020) as follows: . . oroduction spatial spread of PVs leads to Curves for temperature coefficient a=0.4%
ground observations. Following this, we formulate a detailed simulation procedure that Nger . SMPEratre . Cabacit decreased variability, and T SN SRR SN
accounts for the two physical drivers and the panel characteristics (i.e., efficiency and Phourty = n mln[nnom ‘R - Apanet Pnom] © PV mOdl."e. facri):or ! eventua’y less uncertainty in T peseline T
temperature impacts due to heating), and we configure the baseline scenario by computing nom \characterlstlcs/ \_ -/ PV power production,; n=4 n=10
the individual production of each site. Next, to highlight the added value of distributed where n,; is the adjusted PV efficiency against temperature [ Power conversion process] . Notablyf the ratio of the
production and quantify the scaling effects in PV power production, we follow a Monte Carlo effects, 1,91 is the nominal efficiency, A, gner is the PV area, underlying area of then = 2 .
approach by randomly distributing PVs across the selected locations, to eventually provide and P,,,,,, is the nominal power, which is achieved under the so- curve to the baseline one is I e e N B S e S e S
a statistical analysis on the spatial and temporal domain and over different PV technologies. called Standard Test Conditions (i.e., for cell temperature of * To evaluate the PV potential of each location in dimensionless 1.8/1.0 (the two curves are £ 0495 oo e e OSSN
25°C, solar irradiance of 1000 W/m? and air mass of 1.5) means, we express it in terms of annual capacity factor: crossed at p = 40%). B 0190 b NS ]
2. Why distributed? * The adjustment of efficiency is employed by the following E. . conannual To provide better understanding PR SN NSNS S SN SRR SO SO - -l [
: CF = ' . - : : : : : : : ' | |
= Distributed energy systems (DES) have emerged as promising solutions towards the TR HNEE EEERURES fo7 EEmpEraiie Ciieeis: P - 8760 Of th.e TSI d?rlved I?y the e L IS TR
. .. ) . . . . : UL distributed production setting
delivery of key electricity services, including, but not limited to, power production, having Nyctual = Nnom — AT ° max(T — 25, 0) T S 0 , +o high (min 17.4% ot the CF val that £ O AR SO U A S AU S AU Bt
the potential to reduce reliance on centralized infrastructure (cf. Burger et al., 2019). , o , 3 CFTEILES £l E oc?tlons are quite high (min 17. R .max we plot the L values tha - : : : : : : : : :
. . _ . . . where ay is a power temperature coefficient (%/°C), denoting 21.4%, for the conventional temperature factor), which in turn, correspond to 90% probability of 170 bo-ooodoooo-- et
= DES, if sited at the right locations and operated under the right conditions, not only deliver .. . ) : .. . . . . 00 01 02 03 04 05 06 . .
: . : " : the rate of PV efficiency decrease for every unit increase of confirms that their solar potential is high. This verifies the site exceedance against n (lower Probability of exceedance
the same services as centralized systems, but also provide additional locational value. 5 ) e . : :
, _ _ , _ , _ , temperature above 25°C. selection criteria utilized in our analysis. panel). Key conclusions are:
" Their benefits, especially when combined with centralized systems, include reducing Capacity factor for 90% reliability
operating (e.g., transmission) costs and energy losses, and increasing reliability and Remark: Each location’s PV performance is evaluated for three power temperature coefficient values (i.e., 0.0, 0.2, 0.4%/°C). The first = For the given spatial reliability '
resilience both by relieving network congestion and in the occasion of network outages. value corresponds to a theoretical setting, where temperature has no effect on PV power production, the second refers to state-of-the- level, the distributed power
art technologies that are less susceptible to temperature effects, while the last one is a typical value, concerning conventional modules. production increases as more
. . . locations are accounted for;
3. Data collection and validation
S, PR T W E R T TPy 0 = Temperature effects are also .
= 25 well-distributed locations all over  FE e ettt NEER R SR o . 5. Probabilistic assessment of centralized P g
G EEE) (T T VEsTieE O S Al e e S ducti 0.220 : : : : : : : : : contrasted, where, as g
reece are Se | | 1 | | 1 | -
their PV power potential; : proguction 0.215 b--om-- I R R S S .| © Baseline scenarios | expec.:t.ed, a.s the temperature 8
o ’ _ = The spatial variability of the centralized production is visualized N g ! i i i i i coefficient increases, so does 8
* Hourly solar radiation and air through the empirical probability curve (inverse CDF) of the 0.210 | S Rt R SE LT CEE -] —Kumaraswamy - the PV power curtailment.
temperature data for 15 years are annual capacity factors across the 25 selected locations. 0905 L. . i : : : distribution fitting = The distance between the
retrieved from the Photovoltaic s ; e S T i . ' i ey GRS eiey
. . u I
Geographical Information System The curve a’Fa a.re erive | .y sorting the CF values |n escending 8 ;549 : < the dite f
(PVGIS) tool (cf. Huld et al., 2012) order and assigning an empirical exceedance probability (cf. i | equals the ditference o | | | | | | | : : |
. ' L iadi i i > 0.195 l associated power temperature '
using the Surface Solar Radiation Data Efstratiadis et al., 2021) to each value. If n is the size c.)f data, the £ : 1ated pe ; P o 2 N 4 X ‘:‘I s f md. .1: d14 ) 16 18 20
cat ). probability of exceeding the sorted value at position i is estimated @ : coefficients, i.e. 0.2%. umber ot focations for distributed procuction
Set Heliosat-2 (SARAH-2); . . —o e Q. 0.190 :
. _ through the Weibull plotting position, i.e.: S |
= To assess the predictive capacity of ) 0.185 i
satellite data, we contrast them with pi=1i/(n+1) 7. Conclusions & future research perspectives
: 0.180
ground observations of hourly solar Validation = To provide a continuous spatial variability model, we fit the = Distributing solar PVs across different locations exhibits a shift of the relationship between
radlatlon and temperature Wl S, point formula derived by the Kumaraswamy distribution function (cf. 0.175 power production and spatial reliability. As the spatial distribution of PVs increases, so do
n <|)ne aitine selecteld Ic.)caltlons- Kumaraswamy, 1980) to the empirical probability values: 0.170 the higher-reliability capacity factor values, while lower-reliability values decrease;
f\’lc_?j;netrlc metzeoro Oﬁ'ca ita;'on @ CF = CF.... 1 (1 —(1- “)b)(CF _CF,.i) 00 01 02 03 04 05 06 07 08 09 1.0 = Distributed PVs can ensure higher power production with increased reliability, compared to
campus, £0gra p. ?U; ens). min p max L Probability of exceedance that of centralized configurations;
o rouysorradationetart . Hourly temperature chart | where CF,,,;,, and CF,,,, are the theoretical lower and upper = The variance of PV production practically converges to zero as more locations are
— Sensors B _::Z:: limits of the capacity values, respectively, a and b are shape Remark: The shape parameters and the limits CF,,;;;, and CF,, 4., accounted for, meaning that highly distributed layouts are significantly less vulnerable to
1000 .‘5 o parameters, and p is the probability of exceedance. correspondingtop = 1 and p = 0, are inferred via calibration power curtailment factors;
T %} 30:00 = The effects of temperature on PV power production are not negligible, especially during
5 - the summer months;
= g 25.00 . . o ’
3 oo | 6. Monte Carlo approach for distributed production e * Future research will be focused on:
5 g 15.00 = A Monte Carlo analysis is carried out to highlight the benefits of 216 a Including more components in the estimation of solar potential, e.g., diffuse
g distributed solar PV production, thus accounting for alternative sites and ’ : : ! ; : : : : : : radiation, cloud coverage, effects of topography (cf. Mamassis et al., 2012);

200

o Investigating seasonality effects on spatially-distributed capacity factors;
a Validation of theoretical power potential with real-world cases.

production capacities.

0.00 -

0 B0 SIS = The “joint” power potential is assessed by distributing PVs in equally- 5
]
1206 probable combinations of locations. To handle combinatorial explosion, ©
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simultaneously impact different geographic regions. terms of CF) decreases

Remark: The satellite-derived time series exhibit sufficient similarity with ground data. Contact info: xatzman2001@hotmail.com: Poster available at: https://www.itia.ntua.gr/2447/
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