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Short Communication 
Comment on “an overview of various configurations of luminescent solar 
concentrators for photovoltaic applications” 

Chenchen Yang a, Richard R. Lunt a,b,* 

a Department of Chemical Engineering and Materials Science, Michigan State University, East Lansing, MI, 48824, USA 
b Department of Physics and Astronomy, Michigan State University, East Lansing, MI, 48824, USA    

In a recent article, Rafiee et al. [1] overviewed the research progress 
of luminescent solar concentrators (LSC) from the past decade. 
Figures of merit to evaluate the photovoltaic (PV) performance of LSCs 
were outlined, and the configurations, luminophore species, and per-
formance of various LSC reports were described. However, we find that 
the definitions of several key equations are erroneous and performance 
metrics acquired from different characterization protocols are incor-
rectly compared. Here, we help clarify these definitions and reporting. 

First, and most important, the wrong area is used in the definition for 
the power conversion efficiency (PCE) in Equation 5 [1]. The PCE of any 
PV or LSC system is calculated from the corresponding current density 
(J) - voltage (V) characteristics measured under standard illumination 
(AM 1.5G). Once a PV cell is edge-mounted onto an LSC waveguide, it is 
the area of the waveguide front surface (ALSC) that receives the input 
solar power rather than the edge-mounted PV (AEdge) as shown in 
Fig. 1A. The scaling of the generated photocurrent (I) should always be 
proportional to the collection area ALSC (I ∝ ALSC), therefore, all LSC-PV 
systems should generate the same values of photocurrent density (J =
I/ALSC) in the ideal case where there is no reabsorption loss as shown in 
Fig. 1B. In the presence of reabsorption losses, J does not increase as 
quickly with increasing ALSC and decreases slightly with decreasing 
waveguide thickness. However, if AEdge is applied in calculating the PCE 
as defined in this article, the G factor and the calculated J (I/AEdge) will 
increase, approaching infinity as the waveguide thickness decreases 
with constant ALSC, which will result in drastically overestimated PCE 
above the theoretical limit of a PV device (the single junction 
Shockley-Queisser (SQ) limit, ~33% under AM 1.5G [2]) as shown in 
Fig. 1C. Even with the potential concentrating effect of the LSC (under 
concentrated illumination of ≥1000 AM 1.5G), the maximum PCE of a 
single-junction PV is ~40% [3]. For an LSC system, this concentration 
improvement will still only result in a PCE limit of about ~29% with 
realistic reflection loss at the waveguide front surface (4%) and trapping 
losses (25%). Thus the PCE of an LSC is necessarily less than the 
edge-mounted PV. The use of the incorrect collection area is a common 

mistake in the LSC literature, and thus the tabulated reports in Table 1 of 
the article combine inconsistent standards. For example, Slooff et al. 
reported a PCE of 7.1% based on ALSC with EQELSC provided [4]; Li et al. 
[5] and Ha et al. [6] reported PCEs of 8.71% and 6.1%, respectively, 
based on AEdge. With silicon microcells facing incident to the AM 1.5G 
(100 mWcm−2) source and the area of the PV applied, Bronstein et al. 
reported an output power of 77.38 mWcm−2, which is >200% of the SQ 
limit for single-junction PVs [7]; El-Bashir et al. reported the improve-
ment in PCE (not absolute PCE) of 53.2% via metal plasmonic 
enhancement [8], though this is listed as an absolute PCE in Table 1. The 
inconsistent literature review and lack of critical examination could 
result in incorrect conclusions, potentially misleading the researchers in 
the LSC community, and creating false baselines of comparison for 
future reports. 

Second, Rafiee et al. defined the optical efficiency (OE) as the ratio of 
the integrated waveguide output energy to integrated input energy. The 
use of energy fluxes is not meaningful to accurately describe the oper-
ating principle of an LSC-PV system. In Fig. 1B (Top) we include two 
LSC-PV systems as examples to understand this point: LSC-PV1 system 
with PL1 and PL2 and LSC-PV2 system with PL1, PL2, PL3. As the 
luminophore PL spectrum red shifts from PL1(λ) to PL2(λ) for LSC-PV1 
system and from PL1(λ) to PL3(λ) for LSC-PV2 system, the defined OE 
decreases for both systems due to the decreasing emitted photon energy. 
However, in practice, as long as the EQEPV cut-off wavelengths encom-
pass the entire PL profiles of the luminophore (EQEPV1 encompasses PL1 
and PL2, and EQEPV2 encompasses PL1 to PL3), the same number of 
emitted photons can reach the waveguide edge and be converted into 
the same amount of output electrons (assuming the edge-mounted PV 
EQE is constant like with Si), resulting in the same photocurrent and the 
same PCE. The corresponding J-V characteristics of these two ideal LSC- 
PV systems are plotted in Fig. 1D: despite different PL positions, all 
should result in the same short-circuit current density (JSC) due to the 
same amount of charge carriers generated from the same area receiving 
the incident solar photon flux. If PVs with different bandgaps are 
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replaced on the edge, any potential PCE difference of these systems are 
reflected by differences in the open-circuit voltage (VOC) and the fill 
factor (FF) of the corresponding edge-mounted PVs (neither of which 
scale linearly with the bandgap). Thus, this definition of the OE is not 
meaningful to understand the actual or relative performance changes of 
actual devices. Even when defined correctly, the OE should only be a 
secondary metric, not a replacement for directly reporting the J-V 
(scaled properly and corrected for spectral mismatch), PCE, and EQELSC 
as would be expected for any other PV system [9,10]. 

In summary, we write this comment to express our concerns over the 
definitions of the LSC performance metrics and interpretation of litera-
ture in the article by Rafiee et al. We hope this will help point the LSC 
community to utilize standardized and reliable characterization pro-
tocols that are harmonized with traditional PV reporting. 
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photocurrent density (J) is ideally proportional to 
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pendent of the waveguide thickness. In the presence 
of reabsorption losses, J does not increase as quickly 
with increasing ALSC and decreases slightly with 
decreasing waveguide thickness. (B) (Top) Idealized 
absolute absorption (A(λ)), normalized photo-
luminescence (PL(λ)) and position-dependent 
external quantum efficiency (EQELSC(λ)) spectra of 
two LSC-PV systems with the following conditions: 1) 
the A(λ) is fixed and the PL(λ) can shift from PL1 to 
PL3 without changing the shape; 2) there is no over-
lap between the A(λ) and the shifted PL(λ) (no reab-
sorption losses); 3) the A(λ) and PL(λ) are step 
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constant as the PL(λ) shifts; 5) both of the EQEPV(λ) 
values remain constant (= 1.0) with the cut-off 
wavelengths encompassing the corresponding shif-
ted PL profiles (EQEPV1 encompasses PL1 to PL2, and 
EQEPV2 encompasses PL1 to PL3, and both EQEPV 
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to illustrates the convolution of EQELSC(λ) and PL(λ) 
spectra, and the blue shaded area illustrates the 
overlap between A(λ) and PL1(λ). The AM 1.5G 
photon flux spectrum is also included as the back-
ground. (C) Shockley-Queisser (SQ) limits of a single- 
junction PV/LSC device under AM 1.5G, concentrated 
illumination (1000 × AM 1.5G) and 1000 × AM 1.5G 
with reflection and trapping loss. The PCE of a prac-
tical single-junction LSC is thus always lower than the 
SQ PV limit [2,3]. (D) The J-V characteristics of the 
ideal LSC-PV1 and LSC-PV2 systems. (For interpreta-
tion of the references to colour in this figure legend, 
the reader is referred to the Web version of this 
article.)   
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