Advanced Solar PV Energy Pre-Construction Losses

Losses due to uneven terrain, tracker wind stowing, and sub-hourly clipping error
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INTRODUCTION WIND STOW LOSS SUB-HOURLY CLIPPING ERROR CONCLUSIONS

Several industry publications have recently reported on under- For single-axis tracking PV systems, tracker stow strategies are used Industry standard solar energy modeling practices commonly rely on Uneven Terrain:

performance for some utility-scale solar projects. In response, to prevent structural failure or collapse during high wind events. hourly simulation models. Due to inverter clipping events, hourly In order to incorporate additional shading loss due to tracker
independent engineers and energy modelers have revisited Although in most cases system damage is avoided, there is still a loss simulations may not capture the full magnitude of the inverter limitation row-to-row shading, UL has developed a database of reference
energy modeling practices to identify potential areas for associated with keeping a PV array in non-optimal position for the loss that occurs in real time. S simulations to calcullate additional shading loss.

refinement. This model review has focused on areas where duration of a high wind event. aoomen| —
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Methodology: - —
e Twenty year 10-m ERAS timeseries data is used with the site-specific
stow strategy to identify the specific hours that would trigger a stow

existing modeling software programs may have inherent
limitations or oversights.

Project-specific array layout information along with high
resolution elevation data is used to calculate a project-specific
loss. Depending on these inputs, the loss can range from
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Two twenty-year energy timeseries are compared: one for the base T ——
case scenario and one for the stow-impacted scenario. Figure 5 (Left) Example profile of minutely energy compared to its hourly averaged equivalent. (Right) Variability Wind Stow:
Complex terrain incurs an additional row-to-row shading loss for e Difference between the base case and stow-impacted scenarios used zones across the continental US (Lave et al. 2017) [1] It is important to consider stow on a timeseries basis (rather than
single axis tracker projects due to non-uniformity of adjacent to represent the final stow loss. Analysis: a typical year) in order to best capture extreme weather events.
tracker heights. The impact of complex terrain is a higher row-to- Analysis: * For each variability zone, one-minute (1-min) frequency data from
row shading loss commensurate with the level of sloping The methodology was tested on solar ground measurements is transposed to plane of array irradiance Wind stow is a site and technology-specific loss, influenced by:
throughout the site. The method includes: sites across the US in varying and converted to DC energy. 1. Wind regime and complexity of the site
1. Calculate distribution of project-specific slopes based on 10m regions and wind regimes. All sites * The 1-min DC energy is also aggregated to an hourly timescale. 2. Stow strategy — the stow angle and the stow trigger speed
DEM data from USGS. Slopes isolated for the active PV area. were assessed for 0, 30, and 60 * AC and POl limitation losses applied to both 1-min and hourly records.
2. Calculate loss from database of reference simulations (195) degree stow scenarios and . * The sub-hourly error is calculated from the difference between the Sub-hourly Clipping Error:
3. Uneven terrain loss is applied within the Module Quality simulated as active Stow Strategies.  igure 2 windnavigator. Wind regimes across the losses calculated for the two timescales. 1. One-min observations can be used to visualize and calculate
Adjustment Results: continental Us. Results: oo i s Py ey sl GOF comparcnof ety nd by ey st clipping loss errors, and to understand sensitivity
: : —r Results show that the stow loss is influenced by the following factors: Effect of Variability 7 = Ny 1= 2. System design details (including configuration and DC:AC
Reference Simulation Description ) _ , , , , ffect of Variability Zone o0 . ratio) are drivers in loss sensitivit
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understanding sub-hourly variability, as lower resolution data

magnitude of this loss. The loss is higher at sites where high wind
may overlook a portion of the loss.

speeds occur in the direction sectors of interest (East and West).

Wind Speed Profile Wind Speed Profile

above a threshold at
different ratios.

e Ground Cover Ratios: (5) 0.30, 0.35, 0.40, 0.45, 0.50

e West to East facing slopes: (13) -10% to +10% (increments of 2%) o o N | Ereew. 2. Increased variability S - | In analyzing possible reasons for under-performance in utility
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patiatre . . . T el T e system (1.3 DC:AC : iR B 12 modeling practices for a more accurate solar energy model.
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