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Abstract

Currently, solar concentrators, whether in solardPgolar thermal applications are designed arlidedi

as a fixed shape such as elliptic, parabolic, \f3shdyperbolic, and multi-stage forms. Here, we are
inspired by diurnal and nocturnal flowers and thiéfiferences and propose a smart solar concentitzdor
can increase the overall optical efficiency morntl25% compared with its non-smart counterparts. We
introduce the concept of smart solar concentratmpired by nature and enabled by 4D printing and
illustrate its necessity and advantages. We fobatirhost of the diurnal flowers have parabolic anabt

of the nocturnal flowers have hyperbolic petals.r Quoposed multi-functional concentrator has a
parabolic shape for a portion of the day that paleadominates all the other shapes in terms obgtieal
efficiency, then it can reversibly change its sh&pdyperbola for another portion of the day tha t
hyperbola beats all the other geometries. By usiirggdesign, the optical efficiency trend will mofrem
peak-and-valley form toward constant-at-peak formegulting in overall efficiency improvement. The
proposed biomimetic structure is an example of swdgami. It is simple, low-mass, and demonstrates
the desired shape-shifting without reliance on cerstme and expensive electromechanical systems.
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1. Introduction

The 3D printing provides unique features regardjegmetry and functionality in the renewable energy
field (Ruiz-Morales [1]). Recently, 4D printingdenology (Tibbits [2] and [3]; Gladman et al. [4];
Momeni et al. [5]) came into the picture and atidagrowing interests from various disciplines. @fe
the key goals of 3D printing is movement from faimfunctionality (Lewis [6]). 4D printing goes filner
and provides multi-functionality. To make the cuatrarticle self-contained regarding the 4D printing
concept, we provide a comprehensive figure based oecent review study (Momeni et al. [5]). This
figure (Figure 1) illustrates the 4D printing preseand its differences from 3D printing. 4D prigtin
conserves the attributes of 3D printing and addsftiurth dimension to provide shape, property, or
functionality evolution over “time”. 4D printing cabe considered as the new level of additive
manufacturing that deals with stimuli-responsiveterials. Market analyses (marketsandmarkets [7])
demonstrate an economic growth rate of 42.98% 2649 to 2025 for 4D printing utilization in various
fields. Adaptive metamaterials [8 - 10], burn hegland self-healing [11, 12], organ regeneratisj,[
conjugated-polymer-based actuators [14], 4D textl5], and so on are only some of the recent
multidisciplinary explorations in 4D printing. Herave propose the 4D printing in solar energy and
demonstrate its necessity and advantages.

Both the solar PV and solar thermal modules care thkee main elements, a receiver (mandatory), a
concentrator (optional) and a tracking mechanisptigoal). The primary reason for using concentmator
is to converge the sunlight and obtain the samei@fity by using less solar cell materials in sétat
applications (Parida et al. [16]) and increaserdueiver temperature in solar thermal applicati@ran
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