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Refined equilibrium control of electric water heater clusters for
accommodation of renewable energy sources
LIU Xiangjun',ZHOU Xingjie',LIU Di',SUN Yi',XIE Xiangying’,LLU Yudong’
(1. School of Electrical and Electronic Engineering,North China Electric Power University, Beijing 102206, China;
2. State Grid Electronic Commerce Co.,Ltd.,Beijing 100053, China;
3. State Grid Zhejiang Electric Power Research Institute, Hangzhou 310014, China)

Abstract: Aiming at the possible impact of grid-integrated renewable energy power generation on the power
grid, a refined equilibrium control strategy of EWH (Electric Water Heater) clusters for renewable energy
source consumption is proposed. Compared with the currently widely studied control method,which can only
realize two control states of open and close for a single EWH,the proposed control strategy is optimized
by temperature setting values and multi-stage power joint optimization and is solved by genetic algorithm,
which not only considers the open and close state of a single EWH,but also is more accurate to the power
level selection of a single EWH. The proposed method not only ensures the completion of the power grid
side consumption task,but also comprehensively considers the temperature of the user side EWHs to realize
a win-win situation. Simulative results show that the proposed control strategy can achieve accurate load
control and make the EWHs’ response more balanced.
Key words:accommodation of renewable energy sources;electric water heater clusters;refined control;genetic

algorithms ;balanced response
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Effect of wind and wave on vibration characteristics of offshore wind

turbines and control strategy
LIU Haoming,ZHAO Min,TIAN Wei, YANG Suxiang, XU Bofeng, YUAN Xiaoling
(College of Energy and Electrical Engineering, Hohai University,Nanjing 211100, China)

Abstract: A wave model is established,and the causes of the fluctuation components related to the hydrody-
namic frequency in the aerodynamic loads and torque of offshore wind turbines are analyzed. The exis-
tence of the fluctuation is verified by simulation on GH Bladed platform. In order to reduce the fluctua-
tion, wind shear and tower shadow effect on wind turbine,the integrated vibration acceleration signal of the
top tower is superimposed with the reference signal of uniform variable pitch control, and converted into
the variable pitch control signal of each blade combined with the 3P fluctuation components of output power
and its azimuth. The simulative results show that the proposed variable pitch control strategy can not only
effectively smooth the fluctuation of blade root flap-wise load caused by wind and wave,but also significantly
reduce the fluctuation of aerodynamic torque and output power,which improves the output power quality of
offshore wind turbines while reducing the fatigue loads.

Key words: wind force; wave force; aerodynamic load; aerodynamic torque; variable pitch control; vibration

reduction
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Fig.A1 Flowchart of control implementation
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Fig.A2 Information system architecture for balancing renewable generation through aggregated electric water heaters
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Table A1 Parameter setting of water heater

S Il

RFRE Pi % 1 kW, P44 2kW, P3A% 3 kW
TRARFAPH 12~25 °C-ft>-h/Btu

LRI TE F 2°C

IKF R S K2 L 1:5

T 5K v SRR 75 C

TRV B AR VR 30 C

TMNIKFEA KR 20 C

it th KA TR A ROKiR B 40 C
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Table A2 Setting of other parameters

ZH IBUE
FH 7K B 1] MM (1290,75) HIIEZS AR
FHAKIS K 10~20 min 6 P (¥ BE AL A
JH NI B 23:00—24:00
B K 4R 1 1 min

VE: ASCHIRT ARG Y 1 min, CKF 00:00 & X 0 B Z1, #1290 B Z1N 21:30,
BT 21:30 745 2 FH 7K ey g I 3
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