Santiago 2013 Microgrid Symposium
(2013/09/11-12)

~ Compensation for PV and Wind
Fluctuation

EEBEXRFRFRGFHRE AR

R =—



Why RE generations in Japan?

m For low carbon society

— Alternatives to oil-, coal-, and gas-fired thermal
power plants

m For energy security enhancement
— Massive amount of energy
— Domestic resources

m Attractive Feed-In Tariff (FIT)
— Photovoltaic(PV): 37.8VkWh (0.374$/kWh)
— Wind Turbine(WT): 23.1VkWh (0.229$/kWh)
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Why “not” RE generations in Japan?

m Fluctuation
— Fluctuation range: >60%(PV), 100%(WT)

— Japanese power systems are small and tied
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Why “not” RE generations in Japan?

m Intermittency
— Utilization factor: 12%(PV), 20%(WT)
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Why “not” RE generations in Japan?

m Hard to forecast

— PDF of dally error of PV output forecast
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Application of Energy Storage Systems (ESS)

» Output Smoothing

Output charge
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Wakkanai Mega-Solar project

WAKKANAI

Promoted by New Energy and Industrial Technology Latitude: N 45.23

2 Development Organization (NEDO) in FY2006-2010

= — SAPPORO

Conducted by:
| Wakkanai city, Hokkaido Electric Power Co., Ltd, Meidensha Corp.,
Panasonic Environmental & Air-conditioning Engineering Co., Ltd. Japan Weather Association, and Hokkaido University fa
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System configuration

« Grid (33kV)

Measurement
System
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Output smoothing
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» Implementation

PV generation
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Developed control system

l

(b) Fluctuation center following

(a) Moving average
— PPCCm_| (c) Switching control mode
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For small fluctuation >> Moving Average (MA)

For large fluctuation >> Fluctuation Center Following (FCF)
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Principle of FCF

Center of fluctuation is estimated from the short-term maximum
irradiation and the short-term minimum irradiation
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Example field test result
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Scheduled operation

» Off-line generation output scheduling
v’ for profit-maximization
v' for cooperation between PV-PS and conventional bulk generators

Capacity limit * ..........................

ObJectlve functlon

i m

Irradiation Generation Output
forecast forecast schedule

NAS output

Il

> Difference between scheduled and actual

v' Forecast errors
v" Amount of time-shifting

Actual \l\l I/'U

PV generation
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Irradiation forecast (developed by JWA)

4/1 Target Duration 4/2 4/3
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Time-line of scheduled operation

4/1 4/2 Target Duration
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Example of scheduled operation
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» PV generation in the morning is shifted to the evening
» Forecast error results in miss-operation
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Spatial smoothing effect
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Solar radiation [kW/ n?]
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Wide-area operation system

m Promoted by Ministry of Environment, Japan (FY2012-2014)

Iy «“. Weather forecast System N A Scheduled Outpat
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Conducted by:
Japan Weather Association, Meidensha Corp., Hokkai Electrical Construction Co., Inc.,
Hokuden Sogo Sekkei Corp., and Hokkaido University
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Configuration

WT @ Wakkanai
660kW X 3=1,980kW

NAS battery

@ WT @ Tomamae
” 600kW x 2+ 1,000kW=2,200kW

u

@ WT @ Setana
600kW X 2=1,200kW

m Measurements and forecasts will start in this summer / autumn.

m Preliminary study results will be published in
ISGT Europe 2013 @ Copenhagen (Oct. 2013)
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Developed control system
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Developed control system
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Developed control system
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Developed control system

measured | =TT oSS e 1 actual capacitor
PV WT | capacitor controller ! output [KW]
oufput compensafion : capacitor model | 30-minutes
kW] _ target - Tos |1t - capacltor .
X PO SR - inverter balancing
HPF-1 |
|
+E< L _____________________ compensation
= error [kW]
PV;{\ZUII‘ output - ____ actual LiB total
schedule [kW] Ts | LiB controller | output [kW] x j—)(compensano K1
1+7,5[) ! 7 1 ) 3600 |
HPF.2 | |
P g -
+
&=
actual NAS
1™~ " NAScontroller |  output [kW]
liﬂ I
' A L
average ¥ l, IR R g -
BGE output Actual BGE output i
kW] N ir tput [KW] reset signal
K
E BGE model remaining gas [le}l .E
| (gas-holder capacity ) x50% | total output
N ) schedule [kKW]

Santiago 2013 Microgrid Symposium (2013/09/11-12) 23



