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Abstract

“The Act on Special Measures Concerning Procurement of Electricity from Renewable Energy Sources by
Electricity Utilities” was enacted in August 2011 in part to accelerate the interconnection of photovoltaic power
generation. Some electric power companies have a trial calculation that computes photovoltaic power
generation output will exceed the total demand for power. In such cases, an operation in which pumped storage
hydro power plants pump up water to the upper reservoir during the daytime has been proposed.

A conventional practice concerning pumped storage hydro power plants is to attach importance to economical
efficiency. Pumped storage hydro power plants pump up water by low cost electricity generated at midnight and
generate electricity for peak demand in a day. However, after interconnecting large amounts of photovoltaic
power, the output of a pumped storage hydro power plant is determined in terms of both the extent of demand and
the output of photovoltaic power generation. In such a case, the pumped storage hydro power plant may pump
up water by using electricity from photovoltaic power generated during the daytime. Therefore, a new operation
method for pumped storage hydro power plants based on demand and photovoltaic power generation is required.
This paper proposes a weekly operation method of a pumped storage hydro power plant utilizing large amounts of

interconnected photovoltaic power generation sources and the Fuzzy reasoning method.

the efficiency of the proposed method using simulations.
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Table 1. IF-THEN Rules in Pumped Storage Hydro Power Plant
Rule | Demand | Photovoltaic | Upper Reservoir | Pumped Storage .. . . Weather or
No. Level Output Level Level Hydro Power Plant Decision Making of Operation time zone
1 High High High Zero Without Operation ( should be avoided )
. . To keep Regulation Ability ( to avoid .
2 High High Neutral Pump up Somewhat storage by High Priced Electricity ) Fine day
3 High High Low Pump up Normally | To keep Regulation Ability
4 High Middle High Generation Positively | To meet High Demand
5 High Middle Neutral Generation Normally | To meet H%gh Demand . Cloudy day
6 High Middle Low Generation Somewhat To meet.ngh Demand ( Caution for
Reservoir Level )
High Low High Generation Positively | Role of Peak Gen.
High Low Neutral Generation Normally | Role of Peak Gen. 4 Rainy day
9 High Low Low Generation Somewhat Role of Peak Generator ( Caution for
Reservoir Level )
10 Low High High Zero Without Operation ( should be avoided)
. To keep Regulation Ability ( to avoid Fine day in
1 Low High Neutral Pump Up Somewhat storage by High Priced Electricity ) Week end
12 Low High Low Pump Up Positively | Role of Storage Devices
. . Ready for Tomorrow ( to avoid storage
13 Low Middle High Zero by High Priced Electricity ) Cloudy day
. To keep Regulation Ability ( to avoid in Week
14 Low Middle Neutral Pump up Somewhat storage by High Priced Electricity ) end
15 Low Middle Low Pump Up Normally | To keep Regulation Ability
16 Low Low High Zero Ready fOT Tomorrow ( lose an Mid-Night
opportunity to storage Electricity ) or Rainy
17 Low Low Neutral Pump Up Normally | Economical pumped up using Base Gen. day in
18 Low Low Low Pump Up Positively | Economical pumped up using Base Gen. | Week end
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Fig. 9.1 Weekly Demand and Photovoltaic Power Generation
on August 4, 2014
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2014 (Upper Reservoir 50%)
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Generation on February 3, 2014

>rvoir  [96)
AH 88eio1g paduwing

Upper R

ndine pd g Jamod op

Fig. 10.2 Pumped Storage Hydro Power Operation on
February 3, 2014 (Upper Reservoir 50%)



FALITE -

53 EBEAUNYVY THEMREFENIRE

LD NRY — NI E B THRAIZTIEED 508 E6+
D18, FEA LN TR, A, HENRNLEL
2%, F£i, KBEEFEEML, AiRO@BY, FHEIZ K
S THBEFMIZZIZA LD OO, HIMW] (7 L—FK
) OZTALIZD W=, ATy B O FEFHED
MBI RIFIETIE, FHEAA ATy TEEOR
BEZLLTOL ) ICRETD.

HAMEEOMEZ EXRT H720, BEERKEZEO T
& DemandMax[MW], J [# 0 F-EJRY 725 B RARFE 27 #
fE DemandMin[MW]Z & ET 5. Fio, mHHEA NNV Y
7'B9% High @ HylZ, Hpy=[0.90,1.0] CRElE & L7z, FLH

FZEN [HW) 20757 He ICEENABHR S 13D 7%
WEHIMT L7272 Th D, ZhX, FEEAA LNV Y
TEEDONRTA—=HEUTOLIICRET H.

DemandMin [MW]
LT [DemandMax [mMw]’ 1. 0] (5)
_ Hreo=Lr
= frere ©)
Lg = [Lr +a,0.0] (7)
Hg = [Hry — a,0.0] (8)

22T, EREDOF//SRT A —=FIE Figdl IZRENTWVD
¥72, Hrpld, HrOM# EOSZ R LTHEY, Figll T
12090 [ZKHET 5. Fo, FET —F 0D EKIIZIRE
Lz AU ANy y 7 E FRROBETIEICIVRELE
ARy T A Table2 ICRR#T 5.

54 2A3BHOBEDLZTalL—3 Y
BEFELZHEALTCS2HOYIalb—var&#f7o
7o FHUAT K E O P HIME Z 50%, 90%,10% & 5% E L7 H O
ZEEH, Figl12.1-3 127”7,
AMEHIZFREMRWNER A TWD  (Fig.10.1 /).
FO7=®, BHOKGIEEL D EHKICHERL TN D.
Flo, AFTho72D, KEEREOH N BHFFFTE R
WA TN LHEOLIICHT TR — 2 ML 5. D
7o, B OARREE IR Lo, TDHR, K

Table 2 Comparison of Demand Membership Functions

Intuitive [0.50, | [0.65 | [0.75, | [0.90,
Method 1.0 ] 0.0] 0.0] 1.0]
Auto Fitting | [0.78, | [0.82, | [0.86, | [0.90,
1.0 ] 0.0 ] 0.0 ] 1.0 ]
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Duration
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Fig. 11 Determination of Parameters in Demand Membership
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Fig. 12.1 Pumped Storage Hydro Power Operation on
February 3, 2014 (Upper Reservoir 50%) by Auto Fitting

Fig. 12.2 Pumped Storage Hydro Power Operation on
February 3, 2014 (Upper Reservoir 90%) by Auto Fitting
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Fig. 12.3 Pumped Storage Hydro Power Operation on
February 3, 2014 (Upper Reservoir 10%) by Auto Fitting
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App. Fig. 1 Weekly PV output & Temperature on November
10, 2014

App. Fig. 2 Weekly PV output & Temperature on February 17,
2014





