Accepted Manuscript

ENERSGY

Optimal sizing of hybrid energy storage sub-systems in PV/Diesel ship power system
using frequency analysis

Shuli Wen, Hai Lan, David. C. Yu, Qiang Fu, Ying-Yi Hong, Lijun Yu, Ruirui Yang

Pl S0360-5442(17)31407-X
DOI: 10.1016/j.energy.2017.08.065
Reference: EGY 11434

To appearin:  Energy

Received Date: 22 April 2017
Revised Date: 15 July 2017
Accepted Date: 8 August 2017

Please cite this article as: Wen S, Lan H, Yu DC, Fu Q, Hong Y-Y, Yu L, Yang R, Optimal sizing of
hybrid energy storage sub-systems in PV/Diesel ship power system using frequency analysis, Energy
(2017), doi: 10.1016/j.energy.2017.08.065.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.energy.2017.08.065

A W N

10

11

12

13

14

15

16

17

18

Optimal Sizing of Hybrid Energy Storage Sub-
systems in PV/Diesel Ship Power System Using
Freqguency Analysis

Shuli Wen, Hai Larf", David. C. Y4, Qiang F8, Ying-Yi Hond’, Lijun Yu® and Ruirui Yan
#College of Automation, Harbin Engineering UnivéysHarbin 150001, China
® Department of Electrical Engineering and Comp8igience, University of Wisconsin-Milwaukee, Milwaaek53211, USA
¢ Department of Electrical Engineering, Chung Yudmi€ian University, Chung Li District, Taoyuan €820, Taiwan
*Email: lanhai@hrbeu.edu.cn

Abstract—Owing to the increasing concerns about the releas# pollution by traditional ships, the
use of the renewable energy in ships’ power systenis attracting much attention. However, an
improperly designed renewable generation system andnergy storage system (ESS) will increase
costs and greenhouse gas emissions. This paper ppeps a mathematical model of a photovoltaic (PV)
power generation system for a ship, taking into acant the effects of ship rolling. A PV system on
the shipboard, unlike one on land, has to confrontdramatic power fluctuations that are caused by
the motions of the ship and bad weather, so hybriESSs play a significant role in a ship’s power
system. In this work, the discrete Fourier transfom (DFT) is employed to decompose the required
balancing power into various time-varying periodiccomponents, which are utilized to calculate the
maximum required power of the hybrid energy storagesystems. A cost analysis is performed using
particle swarm optimization (PSO) algorithm to optimize the size and capacity of various types of
energy storage systems. Simulation results revedld efficiency of the optimal allocation of the ESSs

Index Terms—Hybrid energy storage system, photovoltaic generin, ship rolling, discrete

Fourier transform, particle swarm optimization.

Nomenclature

Acronyms

CRF capital recovery factor

DFT discrete Fouti@mnsform

ESS energy storage system

FFT fast Fouriearisform

GA genetic algbnit

HESS hybrid energy storage system
IMO international maritime organization
PSO particle swarm optimization
PV photovoltaic

Variables
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