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A P-E loop represents the relationship between the polarization and the applied electric field in a ferroelectric material. It typically shows a hysteresis loop, indicating that the material retains a remanent polarization (Pr) even when the electric field is removed and a schematic of it is shown in Figure S1. 
The Wtotal can be calculated using the following formula:
 								(1)
[bookmark: _GoBack]This integral essentially calculates the area between P-axis and the P-E curve from E=0 to E= Emax. Physically, the energy density represents the maximum amount of electrical energy that can be stored in the material per unit volume. It depends on both the maximum polarization the material can achieve and the maximum electric field applied to it. Energy density is typically measured in joules per cubic meter (J/m³) or ergs per cubic centimeter (erg/cm³), depending on the system of units used. 
The recoverable energy density (Wrec) stored in the material per unit volume is equal to Wtotal minus energy loss (Wloss). Wloss is the area enclosed by the P-E loop [1, 2]. 
Additionally, Wrec and Wloss can be used to calculate the energy efficiency as below [3]:

								(1.2)

[image: ]
Figure S1. The representation of a relaxor P-E loop showcasing Wrec (pink area) and Wloss (green area). Additionally, Pmax and Emax are marked on the figure.


1.	Zhao, Y., X. Hao, and Q. Zhang, Energy-Storage Properties and Electrocaloric Effect of Pb (1–3 x/2) La x Zr0. 85Ti0. 15O3 Antiferroelectric Thick Films. ACS applied materials & interfaces, 2014. 6(14): p. 11633-11639.
2.	Chandrasekhar, M. and P. Kumar, Synthesis and characterizations of BNT–BT and BNT–BT–KNN ceramics for actuator and energy storage applications. Ceramics International, 2015. 41(4): p. 5574-5580.
3.	Yang, H., et al., Lead-free BaTiO3-Bi0. 5Na0. 5TiO3-Na0. 73Bi0. 09NbO3 relaxor ferroelectric ceramics for high energy storage. Journal of the European Ceramic Society, 2017. 37(10): p. 3303-3311.

image1.png




