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RAYLENE v5.21
Module dimensions General outputs
Bottom layer thicknesszmod1 0.3 cm Number of rays 1000000
Top layer thickness zmod2 0 cm Average distance of ray 1.1 cm Status: Simulation complete.  Duration: 0:23:11
Length xmod 5.00 cm Cell area 6.0 cm2
Breadth ymod 5.00 cm Module area 25 cm2

Incident Illum Up Down Operational outputs
intensity 0 0.1 W/cm2 Input Power 2.50E+00 W
theta (lat) 0 180 deg Waveguiding efficiency 52.82 %
phi (long) 0 0 deg Output power 2.54E-01 W
spectrum Module efficiency, LSC 10.17 %
wavelength 600 532 nm Concentration Ratio, C 1.47 
ray location Geometrical concentration, G 4.17 
x 0.1 0.05 cm Optical efficiency, opt 24.79 %
y 0.1 0.05 cm
TM fraction 0.5 0.5 Ray breakdown number
TE fraction 0.5 0.5 Incident 1.00E+06 100.0%

Externally reflected 3.39E+04 3.4%
Escaped w/o dye interaction 4.96E+05 49.6%

Layer material Escaped after dye interaction 2.21E+05 22.1%
Layer 1 (bottom) Absorbed by coatings 0.00E+00 0.0%
Layer 2 (top) Absorbed by bottom layer 0.00E+00 0.0%

Absorbed by top layer 0.00E+00 0.0%
Solar cell parameters Absorbed by dyes 0.00E+00 0.0%
Voc 0.738 V Stokes shift 0.00E+00 0.0%
FF 0.849 Absorbed by solar cells 2.48E+05 24.8%

Remainder 8.83E+02 0.1%

Luminophore in Layer 1 ODmax Absorption per dye (W)
Violet 570 Violet 570 0.00E+00 0.0%
Yellow 083 Yellow 083 0.00E+00 0.0%
Yellow 170 Yellow 170 0.00E+00 0.0%
Orange 240 Orange 240 0.00E+00 0.0%
Red 300 Red 300 0.00E+00 0.0%
NIR 1 NIR 1 0.00E+00 0.0%
MHP QDs 1.3 MHP QDs 0.00E+00 0.0%

Coating material on planes By plane Escape1 Escape2 A loss
Plane 1 (bottom) Plane 1 (bottom) 48.2% 10.8% 0.0%
Plane 2 (top) Plane 2 (top) 1.4% 11.3% 0.0%
Plane 3 (south) Plane 3 (south) 0.0% 0.0% 0.0%
Plane 4 (north) Plane 4 (north) 0.0% 0.0% 0.0%
Plane 5 (east) Plane 5 (east) 0.0% 0.0% 0.0%
Plane 6 (west) Plane 6 (west) 0.0% 0.0% 0.0%
Plane 7 (internal) Plane 7 (internal) 0.0% 0.0% 0.0%

Dual Coating inputs Area calculations The effective LQE is the multiplication of the QE for each day that a ray interacts with while passing through the pmma (QE1 * QE2 * QE3 * QEi ...)
Inner region x 0 This value is averaged for each wavelength bin.  Note that if there are no interactions, the effective LQE is blank
Outer region y 0
Inner region dimensions: thetax #DIV/0!
Length xinner 0 cm thetay #DIV/0!
Breadth yinner 0 cm Area type Semi-rectangle
Radius rinner 0 cm Circle 0
Area Ainner 0 cm2 Rectangle 0
Area (outer) Aouter 25 cm2 Semi-rectangle 0

Convergence parameters
max bounces per ray 1000
maximum rays 1000000
intensity limit 0.25%
convergence limit 0.00% <-- disabled
check convergence 1000 rays

Run Ray Tracer
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Figure S1. A screen-shot of the main page of the Raylene v5.21 interface, which is programmed in Visual Basic and 
runs under Microsoft Excel – designed for flexibility, not speed (1 million rays in ~23 min for the chosen input 
parameters). In the first two columns the inputs are given in blue and the outputs (numerical) in purple, while the 
graphical outputs are plotted on the right-hand side.
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Figure S2. Results from the five semi-transparent LSCs in 
Table 2 (OD = 0.1 – 0.5): (top) Fraction of visible light 
transmitted; (middle) colour fidelity as defined by the 
CRI L*a*b* space model and (bottom) colour purity 
determined using CIE1931 (with D65 standard 
illuminant).
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Figure S3. Schematic of simulated LBIC experiment showing a normally incident laser beam (532nm) striking the 
top surface of a commercial-scale (10m2) LSC at fixed distance y = 158.11 cm and a variable distance x ranging 
from x = 10-7 cm up to y = 158.11 cm (centre of the LSC).  The emitted photons are collected by four c-Si solar cells 
mounted along the edges (only one is shown for clarity, and no air gap is present).
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Table S1 The effect of absorption tails in the luminescence species (0 – 0.05 OD, as illustrated in Figure 9a) and its 
performance impact on LSCs of area 25 cm2, 1000 cm2 and 100000 cm2 (Simulation parameters: 0.3 cm thickness, 
OD 1.3, 1000 nm peak emission, OI* = 0.0019, 100% PLQY, c-Si solar cells attached to all four side, 1 million rays).

Abs. Tail OD
( – )

LSC

(%)
ECL
(%)

opt

(%)
wave

(%)
Conc.
( – )

Lab-scale (25 cm2)

0 11.8 34 28.5 65.5 1.70

+0.005 11.6 36 27.9 63.7 1.67

+0.01 11.2 38 27.2 61.7 1.62

+0.02 10.6 42 25.7 57.8 1.54

+0.03 10.1 46 24.3 54.2 1.45

+0.04 9.6 49 23.1 51.0 1.38

+0.05 9.0 52 21.8 47.7 1.31

Pilot-scale (1000 cm2)

0 6.6 63 16.1 36.8 6.01

+0.005 5.44 70 13.3 30.3 4.98

+0.01 4.6 74 11.2 25.5 4.22

+0.02 3.5 81 8.5 19.2 3.23

+0.03 2.9 84 7.1 15.8 2.68

+0.04 2.5 86 6.1 13.3 2.29

+0.05 2.2 88 5.3 11.6 2.01

Commercial-scale (100000 cm2)

0 1.0 94 2.5 5.8 9.07

+0.005 0.7 96 1.6 3.8 6.10

+0.01 0.5 97 1.3 3.0 4.93

+0.02 0.4 98 1.0 2.1 3.58

+0.03 0.3 98 0.8 1.7 2.89

+0.04 0.3 98 0.6 1.4 2.40

+0.05 0.2 99 0.6 1.2 2.09
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