(®)
2017 2020

Development of Estimation Method of Future Wind Power Output Fluctuations
Considering Smoothing Effects

Ikegami, Takashi
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The synthesized output fluctuation of geographically dispersed wind turbines

is expected to decrease because positive and negative changes in outputs cancel each other. In
order to quantitatively evaluate this "Smoothing Effect”, the power output data at intervals of
several seconds at 74 wind power plants in Japan. In this study, novel quantitative definitions of
the Smoothing Effect of the output fluctuations associated with the frequency controls of power
systems were proposed. Using the output fluctuation rate quantified by these definitions for each
power system area, the future output fluctuations, which is the future spread of wind power
generation, were estimated. By analyzing the supply and demand balancing of electric power system
using these estimated fluctuation data, the effects of the renewable energy output fluctuation
countermeasure technology were clarified.



(EDC: Economic load Dispatch Control)
(LFC: Load Frequency Control)
(GF: Governor Free)

30 1
(€H) 74
@
(©))
@
GF
LFC EDC
@
(©))
5%
(€H) 303 20 442 MW
SCADA Supervisory Control And Data Acquisition 2012 1 10
]
og 1 [7] eDefl e
28 + Def. 2 o
1 1 [ - oDef. 3 ‘o o
2 & 3 .s° o7
3 "é’%'& 0.1 & B
Se K o o0
e % L4 - a
o o
3 0.01
3 1 10 100 1000 10000 100000
5 Time Index [s]



ol [ Distrib 1 min
-~ Gaussian Distribution ‘om—
gzl 5 min
§ 10t w20 min
2 10°
% 101 - /// \\\
-8 s 1 min \\
a 1072 //Smm \
103l— / \
(A) -0.05 0.00 0.05
Fluctuation [p.u.]
1.000 TE——t
£ 0.995 e
B 0990 | 0%
2 0.985 ! [
; 0.980 30-0.0237
2 0.975
E 0.970 —— Wind Data (20 min)
5 0.965 ———- Gaussian Distribution
© 0.960 ‘
0.01 0.02 0.03 0.04
(C) Fluctuation [p.u.]
2
© ()
GF LFC
0.1 99.9 100
0.20
= 0.15
= g;g 100
S 000 | s
S-005 01
18] -0.10 0 stilef
5-0.
w -0.15
-0.20 g
a <
< =
3
0 0.1 99.9 100
@
0.1 99.9
5
5 y=ax®
b -0.5
-0.5
GF TGC  LFC EDC

1.0
F 08 1
8
o 0.6
o
204
B ——1min
E 0.2 / —5min
b 20 min 5/ 1 min =20 min
(B) © 00
002 001 000 001 0.02
Fluctuation [p.u.]
0.30
5 020
=t
= 0.10
S e
0.00 % 99.9 dile
0.1 %tile
37010 et
-0.20
-0.30
SEESEEEEEESS
™M AN~
Q) ®)
0 0.1 99.9 100
EDC 0
3 11
4
0.1 99.9
0.5
= M = Output === EDC domain
204 Qe ]| —LFC domain TGC domain
503 0
So2 s s
S o b bl
E:: 0t \,‘\"c’ﬁo«¢
5 9 2 Pt
£ TGC domain L~
Q-0.1
-0.2
2:10 2:20 2:30 2:40 2:50 3:00 3:10 3:20 3:30
Time
4 GF TGC  LFC EDC
11 27 2:10 3:30
0.25
= = =EDC domain
i o2 bv | = LFC domain
E .‘\ —— TGC domain
5015 FA N
& ¥ Ty
; \“ Sma - y= 0.382,\"0':33
T; (00
2
é-0.0S [
0 ; i ’ ’
0 100 200 300 400 500
Total wind power capacity [MW]
5 99.9



®

GF TGC
LFC
1
1
A 0.1 N—t v F A NVIE 99.9 /S—& v A NE A 0.1 N—t v & A Ml 99.9 /S—t v & A NV
a b a b a b a b
4 -0.203 -0.181 0.229 -0.191 4 -0.366 -0.333 0.437 -0.359
S -0.181 -0.272 0.202 -0.278 S -0.33 -0.399 0.345 -0.401
6 -0.165 -0.318 0.156 -0.298 6 -0.300 -0.416 0.329 -0.433
7 -0.160 -0.256 0.155 -0.241 7 -0.223 -0.375 0.271 -0.407
8 -0.169 -0.256 0.154 -0.212 8 -0.146 -0.307 0.163 -0.305
9 -0.190 -0.310 0.193 -0.278 9 -0.217 -0.330 0.290 -0.363
10 -0.203 -0.116 0.239 -0.183 10 -0.377 -0.349 0.419 -0.360
11 -0.264 -0.146 0.254 -0.137 11 -0.703 -0.424 0.575 -0.392
12 -0.265 -0.179 0.252 -0.168 12 -0.619 -0.384 0.628 -0.406
1 -0.218 -0.144 0.237 -0.171 1 -0.590 -0.396 0.595 -0.411
2 -0.210 -0.154 0.200 -0.148 2 -0.636 -0.406 0.684 -0.427
3 -0.244 -0.155 0.259 -0.154 3 -0.496 -0.373 0.552 -0.399
LFC 2030
0.1 6
0.1
S 008 —Hokkaido
o
;’ 0.06 —Tohoku
2 0.04 :
= .
& \ —~—Hokuriku
fon | AL o o
= 0 Chubu
%
o -0.02 ~Shikoku
o
9]
g 04 —Kyushu
<%
- -0.06
£
s -0.08
-0.1
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR
6 2030 LFC
LFC 5%
7
200
= M Hokkaido
5 150 = Tohoku
g 100 Tokyo
£ M Chubu
.‘g 50 m Hokuriku
[
£ o Kansai
= Chugoku
S 50
= m Shikoku
£
3 -100 H Kyushu
(3 .
§ 150 B Okinawa
o
L=
S -200
-250

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR




3 3 0 1

Suzuki Ikumi Negishi Shintaro Ikegami Takashi 140

Long-term Transition of the Value of PV and Wind Power Installation based on the Renewable 2020

Energy Penetration Scenario

IEEJ Transactions on Power and Energy 521 530
DOl

10.1541/ieejpes.140.521

Takanori Enomoto Takashi lkegami Chiyori T. Urabe Tetsuo Saitou Kazuhiko Ogimoto, 7(3)

Geographical smoothing effects on wind power output variation in Japan 2018

International Journal of Smart Grid and Clean Energy 188 194
DOl

10.12720/sgce.7.3.188-194

Ikegami Takashi Urabe Chiyori T. Saitou Tetsuo Ogimoto Kazuhiko 115

Numerical definitions of wind power output fluctuations for power system operations 2018

Renewable Energy 6 15

DOl
10.1016/j -renene.2017.08.009

2019




Ikumi Suzuki Shintaro Negishi Takashi lkegami

Long-term effects of reducing fuel costs and CO2 emissions by introducing renewable energy systems in Japan

6th International Conference on Renewable Energy Technologies

2020

30

2018

Takashi lkegami

Quantification of wind power output fluctuations and its geographical smoothing effects for power system operations

6th International Conference on Green Energy and Expo

2018

Takanori Enomoto Takashi lkegami Chiyori T. Urabe Tetsuo Saitou Kazuhiko Ogimoto

Geographical smoothing effects on wind power output variations in Japan

International Conference on Environment and Renewable Energy

2018




29

2017

29

2017




