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The Ground View Factor Advantage: Quantifying Snow Albedo Backscatter vs.
Cosine Losses on Steep Winter PV Tilts

Executive Summary: Conventional photovoltaic design software assumes an isotropic, static ground albedo (p == 0.20) and standard
latitude tilt angles (8 ~ Latitude — 5°). In cold-climate, snow-covered terrains (p = 0.70—0.85), steep winter tilts (8 =
Latitude + 15°, typically 55°—65°) expand the plane-of-array ground view factor (F; ground = li%é) by 3.73 X. This whitepaper
provides the complete analytical formulation, view factor integral derivation, friction shear shedding thresholds, and the deterministic
TypeScript simulation engine deployed at PowerLab.

1. Plane-of-Array (POA) Vector Transposition Decomposition

The total instantaneous irradiance on an inclined module aperture (Gpo4) is decomposed into direct beam, diffuse sky, and ground reflection vectors:

GPOA - Gbeam, POA T+ Gsky diffuse, POA + Gground reflected, POA

e Direct Beam: Gbeam, poA = GDNI - €08 0401, where:
cos Oaor = sin o cos B + cos a; sin B cos(Ys — Ym)

(Qtg: solar elevation angle, ,8 module tilt from horizontal, s: solar azimuth, “Yp,: module azimuth)

¢ Ground-Reflected Albedo: Gground reflected, POA = Ggur - Pground * F, ground( ,8 ) I( Gour: global horizontal irradiance, Pground: ground reflectance

coefficient, F ground: configuration view factor)

2. Analytical Derivation of the Surface-to-Ground View Factor

Under the assumption of an isotropic, infinite Lambertian ground plane, the configuration view factor F, ground between the planar module front aperture

and the ground is derived by integrating the differential view factor over the hemisphere:

2t g _
I sml(F) = % /qs—o /Q_Eﬁ sinf cos 0 df d¢ = # = sin? (g)

By radiation conservation in an unobstructed half-space, the sky view factor F, sky complements F, ground’

FSky(/B) =1- Fground(ﬂ) - w = COS2 <é)
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3. Quantitative Parametric Matrix across Tilt Angles

Table 1 contrasts view factor scaling, standard vs. snow albedo contributions, and snow shedding regimes across module tilts from 0° to 90°:

Table 1: View Factors, Albedo Gain Contribution, and Snow Shedding Regimes vs. Panel Inclination (3)

Sky View (

Tilt Angle (3)

0° (Horizontal Flat)

15° (Low Roof
Pitch)

30° (Standard
Roof)

45° (Equinox Angle)

60° (Steep Winter
Tilt)

75° (Subarctic
Winter)

90° (Vertical
Facade /BIPV)

4. Snow Shedding Threshold & Friction Shear Mechanics

F. sky)

1.

0.

0000

.9829

.9330

8536

.7500

.6294

.5000

Ground View (

F, ground)

.0000

.0171

.0670

L1464

.2500

.3706

.5000

Std Ground Gain (
p = 0.20)

0.00%

0.34%

1.34%
2.93%

5.00%

7.41%

10.00%

Snow Ground Gain
(p =0.75)

0.00%

1.28%

5.02%
10.98%

18.75%

27.79%

37.50%

Relative Gainvs.
30° Tilt

-100.0%

-74.5%

Baseline

+118.7%

+273.5%

+453. 6%

+647.0%

The retention and shedding of snow layers on tempered glass front-sheets are modeled via interfacial shear stress equilibrium:

Tgravity — Psnow * g * hsnow * sin B VS.

Where pgnow <= 100-350 kg/mg, Rsnow is depth, Cadhesion i ice-glass adhesion strength, and Wstatic ~ 0.15-0.30.

Snow Shedding
Status

Severe Snow
Capping

High Snow
Retention

Slow Slump
Shedding

Rapid Melt Slide

Optimal Avalanche
Shed

Instantaneous
Shedding

Zero Accumulation

Tresist — Cadhesion (T) + Ustatic * Psnow * G * hsnow + cOS ,8

e For 3 < 35°:Normal force (COs B > 0.82) dominates, maintaining static friction lock. Panels remain covered until complete ambient melting,

inducing multi-week generation blackouts.

e For 3 > 50°—60°: Gravitational shear (sin 3 > 0.87) exceeds adhesion as soon as minor cell self-heating occurs, initiating avalanche clearing

within 15-45 minutes of dawn.

5. Deterministic Engine Implementationin TypeScript

export function calculateGroundAlbedoGain(tiltDeg: number, albedoType: "standard" | "snow" =
tilt = Math.min(90, Math.max(@, tiltDeg));
rad = (tilt * Math.PI) / 180;

groundViewFactor
rho = albedoType
reflectedIrradianceGainPct = Number((groundViewFactor * rho * 100).toFixed(2));
tilt >= 45 ? "Optimal (Natural Snow Shedding)" :

const
const
const
const
const
const

= (1 - Math.cos(rad)) / 2;

"snow" ? ©.75 :

snowSheddingEffectiveness =

0.20;

tilt >= 25

"snow"):

? "Moderate" :

GroundAlbedoResult {

return { groundViewFactor: Number(groundViewFactor.toFixed(4)), reflectedIrradianceGainPct, snowSheddingEffectiveness };

6. Empirical Field Validation & Collaborative Benchmarking Framework

1. Pyranometer Transposition vs. Modeled POA: Cross-evaluating measured POA on steep adjustable test racks (55°, 65°) against isotropic

transposition and the Perez anisotropic model across high-latitude field monitoring testbeds.

2. Snow Shedding Latency Profiling: Correlating optical image detection timestamps of snow clearance events against tilt angle and ambient

irradiance threshold.

3. Bifacial Rear-Side View Factor Extension: Incorporating rear-side ground view factors (F rear —

in high-albedo terrain.
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