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A new storage management on stochastic charge-discharge
mode

Jian-hong Zhu'*® and Wen-xia Pan'
'Col!ege of Energy and Electrical Engineering, HoHai University, 210098 Nanjing, China
*School of Electrical Engineering, NanTong University, 226019 Nantong, China

{Received 25 March 2017; accepied 29 September 2017; published online 23 Qciober 2017)

The energy management problem of the battery is always a technical challenge.
especially when incomplete charging-discharging alternation happens continuously
under the complex state, as the application participating in a real-time schedule of
wind farm power. This paper focuses on the energy management of the battery
which participates in wind power optimal forecast. First, innovative energy man-
agement strategy 1s designed to avoid non-linear model construction of the battery,
In terms of the energy-exchange equivalent prediction method, the energy manage-
ment Scheme can make full use of peripheral parameters tested from charge-
discharge interface circuit. Then, the charge-discharge power is obtained from the
active demand of wind power forecast error correction, the converter efficiency,
and the self-discharge factor. In addition, a diagnosis method of health status based
on judgment of coefficient mutation and a life cycle algorithm based on integral
statistics of the whole process are studied, respectively. Second, to facilitate the
subsequent prediction, the capacity change of the actual storage system is revised
in a manner where the static and dynamic parameters consist of actual current-time
inte gration during the charge or discharge process and equivalent parameter correc-
tion of the relation between power energy throughput and charge capacity change.
The transmission efficiency correction of converter and self-discharge efficiency,
the dynamic determination of the battery health state, and life cycle statistics are
also considered, Finally, a practical application case is introduced to validate the
above strategies, The results verify that both the dynamic forecast of the state of
charge and the feasible management of energy storage are achieved. Published by
AIP Publishing. https://doi.org/ 10.1063/1.5007234

I. INTRODUCTION

In recent years, wind power generation has been developing rapidly as the representative of
clean energy. However, its feature of being intermittent can create a greater challenge to the
power grid. Wind farms must provide a more accurate forecast of 48-h short-term power or
wltra-short-term power ranging from 15min to 4 h. The grid scheduling power plan can then be
adjusted flexibly in real time to lower the adverse impact of wind power on the grid, so that
wind energy can transform from low-quality energy into high-quality energy.

However. the current technology of the weather forecast generally covers tens of square
kilometers, which rends to be inaccurate on a single wind turbine and results in errors existing
in wind power forecasts. On the other hand, due to the relatively flexible technology and char-
acteristic of charge and discharge, the battery can be utilized dynamically to absorb or replenish
the redundant or owing wind power that is not expected in the process of forecasting.
Nevertheless, limited to the technical conditions, the battery capacity can only be used as a
peak-shift distribution in the small wind power generation system, or to tune power in large

*'Author 10 whom correspondeoce should be uddressed: zjh2006@ 126.com. Telephone: (86) 13515201945,

1941-7012/2017/9(5)/054103/15/$30.00 9, 054103-1 Published by AlP Publishing.
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ARTICLEINFO ABSTRACT

$mooth and accurate schedule forecast of wind power may ensure healthy and reliable running of the power
grid. Energy storage systems can participate in wind power scheduling due to the ability of space-time trans-
lation of electrical energy. The reasonable strategy design is important especially on smooth and accurate
forecast of wind power. Firstly, based on control indexes of volatility and forecast error of wind power, Fourier
mathematical analysis is used to design one-order low pass filter to smooth the curve of auto-regression ultra-
short-term prediction of wind power. Secondly, the predicting curve after smooth is used as wind power actual
control target, actual output is processed to track the power forecast by storage control. Thirdly, combined with
the actual state of charge (SOC} of the lithjum battery, forecast error coefficient adjustment is innovatively
introduced as dynamic errer band constraint factor. Finally, schemes of complete tracking and relaxed model
control are analyzed respectively by simulation 1o ensure the results of smoothing and accurate forecast effects of
the actual wind/storage output. The designed scheme of relaxation factor control can avoid overcharge and over
discharge of energy storage, reducing the frequency of charge-discharge of lithinm battery, achieving the fea-
sibility and effectiveness of energy management strategy.

Keywords:

Double-fed wind power generation systems
Hybrid energy starage system (HESS)
Smooth power

Power scheduie forecast

Energy management

Introduction

The gap changes of speed bring difficulties to the forecast of wind
power [1;. With the increasing of grid capacity of wind power, the
quality demand for wind power dispatching became higher and higher.
The wind power generators should balance the electrical energy con-
sumed by loads and losses at all times so as to maintain stable frequency
of system [2].Scholars and engineers have made a large number of
researches on wind power fluctuation and accurate forecast respec-
tively {3.4]. How to realize smooth and high-accuracy dispatching
forecast of wind power at the same time is worthy of discussion further.
The existed wind power stabilization schemes include two main di-
rections. One is enhancing the equipment itself to stabilize the output
fluctuations, the other is depending on energy storage device,

For the latter, a variety of algorithms are used firstly to obtain the
predicted power, then power throughput is adjusted by the energy
storage. For example, time constant variable low-pass filter and hybrid
energy storage are used to achieve wind power stabilization {5]. The
larger time constant is, the greater energy storage configuration is re-
quired. Low energy storage capacity configuration needs relative
complex algorithm {6]. In the literature {7], the wavelet packet de-
composition and the energy storage state (SOC) ave used to contro] the

working of energy storage. The energy storage efficiency is improved to
a certain extent, and the wave of output power is better suppressed.

There are also two main directions for the development of accurate
schedule forecast. The first one is to increase the accuracy from the
perspective of software forecast techniques. Existing methods of wind
power prediction have evolved from single prediction to intelligent
hybrid algorithm, and the demand of data processing has been im-
proved. Literature [$] combines the time series model with RBF neural
network model to predict wind power, so precision is higher sig-
nificantly than the single model. In literature [9], fuzzy clustering
analysis combined with adaptive learning is used, not only to improve
precision, but also deal with the practical problems such as small
sample and nonlinear. In literature {1(i], GA-SVM model parameters are
optimized by genetic algorithm, which improves the efficiency and
precision of parameter selection. Furthermore, some literatures also
give out objective evaluation of wind power forecast. Due to the algo-
rithm deficiencies in wind power prediction, such as incomplete basic
sample data, low accuracy, it is suggested that the hardware config-
uration can be used to offset the error of software forecast methods
(11l

So the other is to configure the energy stovage to ensure the accu-
racy within the special range. Wind power of the prediction is regarded

s adon org s 10 10T A 8 IRV K
Received 30 August 2017; Received in revised formn 8 December 2017; Accepted 8 December 2017
2213-1388/ © 2017 Elsevier Ltd. All nghts reserved.
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RESEARCH ON WTG POWER PERFORMANCE MONITORING
METHODS OF REGIONAL WIND POWER GROUP
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Abstract- With growth of the wind power scale and the increasing of urgent requirement on operating
life extension of units followed with which, how to monitor regional wind power group automatically
and find recession performance of WTG power so as to take measures timely to restore the health
condition and reduce power losses has become an important problem to be solved by wind farm
operators. Horizontal and longitudinal performance comparison methods of the power characteristics
for the same area and model units are proposed in this paper. Different real-time monitoring and
analysis methods are used. The core technology of which is using wind speed partitioning technology
and Wavelet analysis. Longitudinal power performance monitoring comparison method of single-unit
is used as a further preferred aspect scheme of information fusion. Research results are verified by
Matlab simulation platform. The study results integrated with the developed centralized monitoring
system software, can improve the efficiency of wind farm operation and monitoring in large degree,

further ensure the profitability production for wind farm plants.

Index terms: Regional wind pewer group, Bin method, Wavelet analysis, Horizontal and longitudinal

comparison, Power performance meonitor.
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Abstract. Traditional Static Synchronous Compensator(STATCOM ) compensates most singly for
reactive power or steady state voltage in high power field. On this point, the paper puts forward a
harmonic frequency compensation technique, which can realize dynamic reactive power
compensation as well as harmonic control of less than 20™ power. Then, using average switching
methed, it gives the mathematical mode! on the device. Active and reactive current decoupling is
realized. For the electrical model, the compensator developed uses 8-cascaded H bridge structure,
together with the carrier phase-shifted SVM technology, can realize 17 level voltage waveform
output, having high utilization and easy to realize digital. Finally, simulation and experimental results
show that the harmonic frequency control technology developed for 6kV cascade compensator can be
used on the actual electric network, with low switching frequency. The device can together
compensate reactive power and control harmonic accurately and effectively.

Introduction

STATCOM as one of the FACTS (Flexible AC Transmission system) devices. compared
with static var compensator (SVC), has a better speed adjustment, wider operating range, smaller size
and transition reactive ability, unrestricted by the capacitor and system voltage level, etc.[]-2],
representing the latest development in reactive power compensation. Besides smaller shape, cascade
STATCOM has more advantages over traditional multiplex inverter type, such as not need
multiple transformers, low cost, and so on[3-3].

In the existing literature. there are more focused independently on harmonic compensation or
steady voltage, rather than integration of the harmonic and reactive compensation. Although
literature[6-7] proposed a combined compensation method of harmonic and reactive power on the
STATCOM, the application background are small capacity and low voltage distribution field,
control method is similar to the active power filter (APF). In the high-power high-voltage situations,
constrained by the power electronic switching devices, this method is not appropriate. Some are used
together with LC passive filters, coupling transformer, etc., also called hybrid active power
filter(HAPF), not be used on dynamic reactive power compensation [8-9]. The present reactive and
harmonic control are performed respectively under dynamic reactive power compensation (SVC,
STATCOM) and active power filter (APF HAPF),may cause high cost.

In this paper, 6kV cascade STATCOM device is mainly applied in industrial and mining
enterprises. In order to improve equipment efficiency, lower utility costs, and overcome the frequency
limitations of power electronic switching devices for high power output, a harmonic frequency
technique is employed mainly to restrain less than 20" power harmonic. To achieve accurate and
dynamic compensation for reactive power, fundamental wave reactive and active current are
controlled based on closed-loop decoupling, the integration of reactive power and harmonic current
compensation is realized. In addition, the paper also gives the main circuit structure and its main
parameters of the device, shows SVM modulation technology of carrier phase shift, which is verified
on Matlab/Simulink, as well as the site test. Results have shown feasibility and accuracy, with good
application prospects.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications. www.ttp.net. (ID: 130.237.29.138, Kungtiga Tekniska Hogskolan, Stockhofm, Sweden-08/07/15,17.08:44)
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Abstract

Large-scale accessing to the power grid of non-linear load
affects the power quality of the grid. The monitoring
requirements of load electrical characteristics are more
urgent with rapid increase in power energy demand. Aiming
at the characteristics of non-linear group load operation of
air conditioners, a systematic monitor project construction
scheme is proposed. Firstly, the simulation software is used
to build air-conditioning nonlinear group load model to
observe characteristics and performance. Then, according
to the energy characteristics of the nonlinear group load, the
parameters and control variables, the data communication
between the monitoring environment and the non-linear
load operating simulation environment is designed, and the
electrical characteristics of the nonfinear group load are
menitored dynamically. Finally, the waveform analysis of
the electrical characteristics is done and given the analysis
result. Appropriating measures are taken to make the power
quality meet the actual requirements, active power
management is achieved in demand side.

Key words: non-linear group load; data communication;
power monitoring; harmonic analysis

0 Introduction

The rapid development of the world economy has
spawned a higher and higher demand for electric energy,
and the matching contradiction of electric energy supply has
become more serious, which is one of the urgent problems
to consider at present. In addition, due to the diversity of
access to the grid load constituting of large number of
non-linear group loads, a large number of harmonics and
voltage and current distortion generate in the grid !, such as
three-phase imbalance® and other issues, affecting the
power quality of the power supply seriously, reducing the
utilization of power!>¢l, This is obvious from the analysis of
the previous grid accidents, and the accidents often occur
during the peak period of air conditioning load. Experts and
scholars have also studied such problems and proposed
some solutions to build load models that have greater
impacts on the power system stability. kt is expected to use
appropriate nonlinear group load models to reduce accident
rates and reduce public property loss. It is also valid to
analyze the power quality dynamically by menitoring the
energy characteristics of the nonlinear group loadU, further
to reduce the voltage distortion by accessing the active filter,

improving the power utilization of the grid and the power
quality B2l From the perspective of load-side power
management, the project uses the relevant communication
and simulation technology to construct the system
engineering of parameter acquisition and characteristic
analysis of nonlinear group load operation characteristic,
and process as well, so to reduce the impact of nonlinear
group load start-up and operation on the power grid. It aims
to achieve active management of load side demand, power
supply of friendly grid-connected, and achieve power
management goals.

1 Design of Functional Requirement

It is need to monitor voltage, current and power
consumption of the nonlinear group load operation. The
ultimate goal is to study the influence of non-tinear groups
load operation on the grid. Nonlinear group load electric
characteristics parameters are collected from grid interface
(131, The research content of the system scheme is shown in
Fig I.In the Figure, based on the power quality problem
caused by frequency conversion energy-saving power
supply, a Z-type filter circuit is introduced between the load
and the power supply as a harmonic processing, and a low
voltage traversing module as well. The simulation
technology is used to monitor the operation parameters
dynamically of the system. In order to solve the problems of
voltage distortion and harmonics, filtering device is used to
suppress each harmonic, so as to reduce the distortion rate
of voltage and current in the grid.

The active energy management monitoring section is as
follows. Monitoring mainly inctudes a sensor network for
data monitoring and fault diagnosis, a harmonic processing
and low voltage ride through module for fault processing,
and an energy storage module for peak-valley load
compensation. The system can not only realize active
demand energy management, but also reduce the power
supply pressure of the State Grid.

In the design of data communication network, MCGS
configuration is used as host computer for the overall design
of the monitoring system. DDE protocol is used to realize
the data communication between MATLAB and MCGS,
and Microsoft Excel is used as the intermediary to link the
two independent environments. Under the environment of
MATLAB, the nonlinear group load simulation mode! is
constructed to monitor and observe the power
characteristics of the load operation, and harmonic
suppression measures are taken to meet the requirements of
the subject design.
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