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Abstract: We report on simulations of idealized bifacial perovskite/silicon tandem solar
cells which are placed in a large PV field. These simulations are used to perform energy-
yield optimizations for two- and four-terminal tandem cell configurations. © 2020 The
Author(s)
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1. Introduction

Silicon solar cells are by far the most important solar-cell technology – their efficiency is theoretically limited to
29.4% [1]. Two routes are intensively investigated to overcome this limit: (1) bifacial solar cells, where also light
that falls on the back of the solar cell can be utilized and (2) tandem solar cells, where a cell with a higher bandgap
is placed on top of a silicon solar cell in order to reduce thermalization losses. Tandem solar cells are developed in
two main configurations: four-terminal cells, where the two subcells are not electrically collected, and monolithic
two-terminal tandem solar cells, where the two subcells are electrically connected in series. While in four-terminal
cells the two subcells can be operated completely independently of each other, in two-terminal cells the subcell,
where the lower photon current density is generated, determines also the current density of the other subcell.

Already several studies estimated the energy yield of perovskite-silicon tandem solar cells [2–5]. These models
consider isolated PV modules that are not affected by shading from modules in front of behind and only one work
considers bifacial PV modules [5].

Recently, several of us developed a detailed model to calculate the illumination on the front and back sides of PV
modules in a large PV field [6] and used it to maximize the energy yield for large silicon PV plants using Bayesian
optimization [7]. In this contribution we apply the illumination model to bifacial perovskite-tandem solar cells.
We will analyse the energy yield for two- and four-terminal tandem solar cells, which will allow us to compare
these two concepts under realistic conditions.

2. Model and Discussion

Our illumination model calculates the illumination onto a PV module, which is considered to be in a PV field so
large that effects from the first and last module rows and from the sides of the PV field can be neglected [6]. It
considers four components, where each one is calculated for the module front and back: direct illumination from
the Sun onto the module front, diffuse light from the Sky, diffuse light from the ground originating from direct
sunlight and diffuse light from the ground originating from diffuse skylight.

For estimating the energy yield of ideal perovskite-silicon tandem solar cells, we assume a Shockley-Queisser
model for the perovskite cell [8]. For the silicon cell, we use the approach by Richter et al., which also takes
Auger recombination into account [1]. Further, we also consider luminescent coupling: if a subcell operates off
the maximum power point in two-terminal operation, the fraction of the absorbed light, which is not converted
into electrical energy, can be partially re-emitted as light, which can be utilized by the other subcell [9]. As the
bandgap of the top cell is larger than the bottom-cell bandgap (≈ 1.1 eV), only luminescence from the top cell,
which increases the current density in the bottom cell, needs to be considered.

Figure 1 shows an example of the energy yield for two- and four-terminal cells with front and bifacial illumina-
tion. Four-terminal cells perform better than tandem cells and show almost no bandgap-dependence, which is in
agreement with other studies [2,3]. Bifacial modules have a higher energy yield than monofacial modules. For the
optimal bandgap, two-terminal cells perform only slightly worse than four-terminal cells. While for monofacial
modules the optimal top-cell bandgap is around 1.73 eV, it shifts to around 1.65 eV for bifacial modules in order to
compensate for the higher bottom-cell current density from the light impinging at the back. For the lower bandgap
range, the reported perovskite-cells perform better than for the higher bandgap range [10].

mailto:klaus.jaeger@helmholtz-berlin.de


1.50 1.55 1.60 1.65 1.70 1.75 1.80
Top Bandgap (eV)

400

425

450

475

500

525

550

575

600

En
er

gy
 Y

ie
ld

 (k
W

h/
m

²)

Bifacial - 2 Terminal
Monofacial - 2 Terminal
Bifacial - 4 Terminal
Monofacial - 4 Terminal

Fig. 1. The energy yield of a perovskite-tandem solar module (module height 1.96 m) in Seattle
for four different configurations as a function of the top-cell bandgap. The distance between two
rows of modules is 8 m, the bottom of the modules is 0.5 m above the ground. The module tilt
angle was optimized for every bandgap. The annual energy density impinging onto the ground is
1137 kWh/m2.

3. Conclusion

Bifacial solar cells and tandem solar cells are two concepts, which potentially allow to increase the energy yield
to values above silicon solar cell limits. For estimating the energy yield of bifacial tandem solar cell modules,
accurate simulations are necessary, such as a recently developed illumination model for solar modules in a large
PV field [6]. Calculations show that the optimal perovskite bandgap for monolithic bifacial tandem solar cells is
around 1.65 eV in contrast to 1.73 eV for monofacial tandem solar cells. Perovskites with the lower bandgap are
amongst the best-performing perovskite materials currently available.
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