
ABSTRACT

This paper discusses the introducing adaptable battery 
depreciation fees to account battery usage cost in 
smart-grid (SG) operation. Adaptive characteristics are 
calculated by a special estimated model of real battery. 
It is understood that the changing value of these fees 
will help to find more optimal solutions to control such 
systems.

INTRODUCTION

One of the main problems of various smart-grids is the 
demand response (DR) problem [1]. Due to the growth 
of renewable energy, the balance in the grid between 
generated and consumed energy is becoming 
increasingly difficult to maintain.
Electricity providers are introducing volatile price rates 
to solve this problem: a time-based program (TBP). In 
TBP, the price of electricity depends on the current or 
systematic imbalance in the grid. Thus, SG helps in 
solving the global DR problem by minimizing its own 
costs. It can be done by load transfer using energy 
storage system (ESS) [2]. But such ESSs usually based on 
very efficient and expensive Li-ion battery (LIB) energy 
storage.

METHODOLOGY

To this date, some control methods with respect to the 
cost of using LIB have been developed. However, many 
authors skip the calculation of these fees. One of the 
methods restricts high current with a penalty-
coefficient for the squared energy [3]. Another method 
calculates the battery depreciation fee as a ratio of 
battery price to the total energy transferred over a 
lifetime [4]. Both methods do not achieve near-optimal 
solutions and do not have flexibility.
Hence, an idea occurs - to describe an adaptable 
battery deprecation fee using a model that describes 
the characteristics of the ESS during the simulation. It is 
assumed that the adaptable fee will change as the 
battery ages.
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RESULTS AND DISCUSSION

The optimizer receives data from the estimated
battery model. This data contains the predicted
characteristics of battery loss.
Battery state of health (SOH) is spent on based on the
way how it is used and under what conditions. In
each new optimization step, all system states are 
recalculated. Thus, the optimizer can more accurately 
predict the loss of SOH, as it knows the price of the 
current battery usage. By introducing such prices into 
the current SG control systems, the overall benefit
of the system should increase by extending the
battery life.

Tato práce byla podpořena z projektu Studentské grantové soutěže (SGS) na Technické univerzitě v Liberci v roce 2020.

InŐ. Pavel Vedel <pavel.vedel@tul.cz>, InŐ. >ukáš Hubka, Ph.D.

SKFM 2020
Studentská konference Fakulty mechatroniky, 

informatiky a mezioborových studií

REFERENCE

[1] M. H. Albadi and E. F. El-Saadany, “A summary of demand 
response in electricity markets,” Electric Power Systems Research, 
vol. 78, no. 11, pp. 1989–1996, Nov. 2008, doi: 10.1016/ 
j.epsr.2008.04.002.
[2] A. Ahmad Khan, M. Naeem, M. Iqbal, S. Qaisar, and A. 
Anpalagan, “A compendium of optimization objectives, 
constraints, tools and algorithms for energy management in 
microgrids,” Renewable and Sustainable Energy Reviews, vol. 58, 
pp. 1664–1683, May 2016, doi: 10.1016/j.rser.2015.12.259.
[3] F. García and C. Bordons, “Optimal economic dispatch for 
renewable energy microgrids with hybrid storage using Model 
Predictive Control,” in IECON 2013 - 39th Annual Conference of 
the IEEE Industrial Electronics Society, Nov. 2013, pp. 7932–7937, 
doi: 10.1109/IECON.2013.6700458.
[4] D. Steward, G. Saur, M. Penev, and T. Ramsden, “Lifecycle Cost
Analysis of Hydrogen Versus Other Technologies for Electrical

Energy Storage,” National Renewable Energy Lab. (NREL), Golden,
CO (United States), NREL/TP-560-46719, Nov. 2009. doi: 10.2172/
1218397.

^toraŐe,” National Renewable EnerŐy >ab. 

;NRE>Ϳ, Golden, CO ;United ^tatesͿ, NRE>/dP-
560-467ϭ9, Nov. Ϯ009. doi: ϭ0.Ϯϭ7Ϯ/ϭϮϭ8ϯ97.

Enhancement of Smart-Grid Control by Adding 
Adaptable Battery Depreciation Fees


