Optimal Allocation of Angles of Panels
for Reducing The Volatility
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Introduction: Background

<Instability>
Daily power generations of PV have volatility.
It's difficult to keep the power demand and supply balance.
Power Supply Large = Equipment Damage
Power Supply Small = Power Outage
<Smoothing>
The total power generation of multiple PVs is smoothed.
=Possible Stable Power Supply
=Smoothing as much as possible
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Cut The Peak Power Generation (Peak Cut)

<Effects of Peak Cut>
= Daily Power Fluctuation will be small
= The volatility will be reduced

at low frequencies
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<Problem> . f The volatility is not reduced <How to Pegk Cut>
N e Set up panels directed in various directions
The Volatllity Is not reduced at | = '\
5 g <
(Less 'I!g:vnfzeil:nsl-%SSmHz) ‘ £ o Time shift of maximum power generation
\ . . ) g O
<Cause> ? : _Instead decrease the m_aximum power generation at noon,
Morning or Evening: § ] increase power generation at other times
Power Generation is Large ~| - <Objective>
Noon: % R i o Optimal Allocation of Angles of Panels For Smoothing J
Power Generation is Small
= Daily Power Fluctuation is Large (Cause) e
<Solution> Image of Peak Cut <Approach> < ~What The Optimal -

« Apply "PIPIP” (Payoff-based
Inhomogeneous Partially
Irrational Play) for The Solution

(Unnecessary Model)

T Angles?

- Spectral Analysis Using The
Optimal Values by PIPIP
(Evaluation of Smoothing)
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» Apply PIPIP for Optimal Allocation of Angles
— Problem Settings

» Simulation Results
— Comparison of Sunny and Cloudy
— Future Works
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Problem Settings For PIPIP
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28 Cities: Tokyo,Oume, Fuchu,Hachioji,Nerima,
Ogouchl,Chichlbu, Hatoyama, Koshigaya,
Kk, gay
Yoril,Abiko, Chiba, Choshi, Funabashi,
kamogawa, Katsura, Kisaradu,Mobara,

Lishileu, Yokashiba
<Action>
(k)= omgle 0; of Agent § at Thne &
mEALIEY,IF & < I
<Utility Function> <Search Rate £~
1 (e, ()} -viariance: of Power Genesnition 2 = 805 {Constant)
) — =y <1, ¥ p =
. x = U5 [Constamiy

(Salar Radtaion™" o]} - (1 — Temperanre Loss) - 1 — Lass} - Onstalled Capacity}{kW]
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PIPIP
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Profit Large
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» Simulation Results
— Comparison of Sunny and Cloudy
— Future Works
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E Simulation Results
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<Situation> o1
Weather: Sunny
Direction of Panels: .

South (Blue Line)
Optimal Direction (Red Line)

* Peak CutisMade
— The peak power generation
was decreased e
approximately 20%
¢ Not Increase Power
— Power generation must

Decrease Variance

" pproximately

. «R0% Decrease, Not IncreaseI
increase other than peak |
time %: 4.,/ {
* Not Smooth Around Peak ' |
Npt Smooth |

<Result> !
Only total power generation was | i i |
decrease. ¥ T W £ : 3

No smoothing effects.
Technolcy _WMH&

E Simulation Results
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<Situation>
Weather: Cloudy
Direction of Panels:
South (Blue Line)
Optimal Direction (Red Line)
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» Peak CutisNot Made ’ ]
« Not Decr Variance i Not Decrease Variance|

'3 W 1 i 2 § W 3

« Thereis Almost No Change -
<Result> |
No Change |

<Cause of Simulation>
- Utility function is not well.

No Change

- When weather is cloudy,
there is no peak.
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+ Program of PIPIP is wrong. a‘
- When weather is cloudy, |
strategy is less. !
i 7 W W >
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Future Works

« Improve Utility Function
— Could Not Peak Cut (if using only variance)
— Constraint of Amount of Total Power Generation
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¢ AnaysisUsing 1 Minute Value Data
— PIPIP, Spectrum, ...etc.

e Spectral Analysis
— Evaluation and Analysis of Angles

« Apply The Learning Algorithm (Non-PIPIP) and Compare
— Optimal Simple Experimentation Dynamics

— Fictitious Play ‘7
— Joint Strategy Fictitious Play

— Joint Strategy Fictitious Play With Inertia "

— Regret Matching ..etc. Q
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