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= Background

Energy Problem ;.7:,‘,,.-’| R
- Stable energy supply P i
- Low emission ‘Q’iﬂ >
+ Energy secure -} ‘FEL g” -
New Resour ce of Energy Wind Power

Photovoltaics: PV
n( Using solar energy )
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Electric energy ]
Advantage Disadvantage
High cost of PV Output
n panel variability
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= Feed-in Tariff
Policy of Renewable Ener gy Popularization[7][8]

Feed-in Tariff (FIT) na
P for residenta sting /% S Pover Company)

Germany Spain
Starting in 2@00 Starting in 2007
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“ Solar Mania”, PV installation over their plan

Reconsidered in 2009 and 2012 Reconsidered in 2008 and 2010
* Many companies go bankrupt
+ Consumers have to pay extrafee for PV installation
* They set PV fee more cheaper

PV feeisimportant for appreciate PV installation
> Objective of control n

- Objective
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M Objective of Research > -
Regulation of renewable energy(PV) » ~ >o® ;‘, ,{.a
— L

* Robustness against imbalance of PV ;‘ o ,‘ ;‘ ,@ ~
" Optimization of PV rate and aids RmaNameamrgy popu|ar|za|u||
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Problems
+ Complex connections between agents > A » ,‘ T
C——> PV Popularization rate ~ e ./» ~ f;.
L L ¥ L
Evolutionary Game - -
+ Variance of output ) n
-
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> Risk function

Power variance

+ High cost
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C—> Reallocation of PV cost s sm ~
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\ N PV Popularization Dynamics
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PV Popularization Dynamics
X = (f1 - )x1
fi= y(xl’/u)’ 9= y(xlvﬂ)x1+ Z(xl’lu)(l_xl)

Note
This contentsinclude
mid-presentation
See Appendix

PV installation f; isbetter than aver age strategy
C—>PV ingtallation increase

Expectation of PV installer : y(xl,,u)
Expectation of no PV ingtaller : z(xl,,u)
Average Expectation ¢(x,, 1)

PV popularization rate : x;
Reallocation rate : 1

Concrete Objective
Regulation of PV popularization with reallocation A(u) being smaller
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== Imbalance Between Supply and Demand %

Risk function: Load Frequency Control (LFC)[6] e
(1—&) xE[d] < Demand d —Total PV power w < (1+¢ ) x E[d]

Generator supply Demand — PV supply Generator supply
_ If d —w<(1-£)E[d], then
(]i 'S) XE[d] imbalance |eads blackout

Ability of power generator control 1

R : Probability of Imbalance such that w > £ d

o 0.

R=Pr{d-w<-¢)ld]}=Pr{w>eNE[d]} M
_Pr{ w_nlE[w.‘]>gNE[di]_nlE[wf]} 02
nlo- \/ZO' PV Strategy Fsr:quency x, [%] !

1 £ NE[d,]-nE[w,]
o 2[1—erf[mﬁ (8 NE[di] > "1E[Wi])

IsNE[d |-mE[w]€
\/7 J2no 1 [1+ erf [‘SNE[]”lE[W]D (e NE[d,]< mE[w,))

(~." Central limit theorem ) 2 2no .
7

== cf. Imbalance Between Supply and Demand
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Risk function: Modeling approach > /\<:| v R
—gd <d-(w+E[d-w])<ed 2 > < Ed-w]

d
If |d —w—E[d —w]|> £d, then
imbalance |eads blackout ;

R : Probability of Imbalancesuchthat w>é&d _,

50
PV Strategy Frequency x, [%]

100

(8 NE[d,.]S niE[Wi ])

R=Pr{w>ed}=Pr{w>eNE[d,]} Eos
:Pr{ w—nlE[w,]>eNE[di]—nlE[wi]} o
no \/nTO'
;[m[NE[jZLjMD (e NEld ] )
f.LNE[dZ]ZZE = 1[l+eﬁ[€NE[]’ﬁE[W]D
(" Central limit theorem) | 2 \/ZO'

= Simulation Setting
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A customer’sdemand  d: Constant ( Variance) ﬁ:‘}
PV power W,: Constant (Variance) 4
Standard variance o : 0.2279 From NEDO datain Hiroshima
Assumption : Standard variance of dl. and w, are same
T o

o AT
Population : ~ Ty
p N : 1,000,000 /_R\;? ~» N >

~
1

Costs caused by imbalance[5] ¢, : 1,000 yen/kWh

Electrical utility of PV Cj,, : Constant ( Variance) Eiam

Electrical utility of grid  C,, : 16 yen/lkWh

= Variation of PV Utility Fee

Setting
Useful life-span of PV Panel : 10 years
A PV Generation : 0.0959 x 4.45 kWh/h
A demand[9] : 0.7336 kWh/h
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Xy
Decision Model §'
Replicator Dynamics B 0.8
8
(fl(xlv ) (xlnu) )x1 L 0.6
&
PV utility fee: Variation 504
o
42 yen/kWh, 21yen/kWh| & 02
8 yen/kWh, >
o
OU 0.05

0.1 0.15 0.2

Accounting rate 1
PV utility fee become cheaper, then PV popularization is choked off

Simulation timespan 1week Considered PV install time ﬂ
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- Decision Model % = I mitation
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In the discussions so far, M Decision Sequence o O@
. . - Vo ¥ oo ~ (o) B O
Simply benefit base utility of power charges Ty Only 1. Select an agent and an opponent randomly  “."  --- L
2. If the opponent looks good, % =y
the agent imitates opponent’s strategy L
In reality,
1. fi2f, PVingallationisbetter /1< f, PVingallationisworse

There are many factors for decisions[15][16]
= Imitation = Strategic thinking
= Learning

Application of Decision M odel
* Win-Stay-L ose-Shift[13] ( Same as Replicator Dynamics ?)

. . e S f« /"lb
= Imitation[16] .
/‘& -"\ "0- /“b —
= Trial and error[16] =D f« >
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_— =
= £ = =
Flow to PV installation -
=wa (1-x )rNArxx, = W

2. Variance of the number of PV installation

Flow from PV installation

x,rNAtx (1-x,)

0

{NAxl =x,(1-x)NAt (f,2f,) 7 : Rate of doing imitation
NAx, = _x1(1_x1)rNAt (f1 </ ) So= £l tt), o= folo, 1)

(xlz{rxl(l—%) (f12f2) ] Imitation ( Most easily model )

_rxl(l_xl) (fl </
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- I mitation[16] %

M Decision Sequence o @
o e oO
1. Select an agent and an opponent randomly f“ s -7 A >
2. I the opponent looks good, % y—y
the agent imitates opponent’s strategy "
Simulation Setting Ny o 1 )
Same as slide No. 9 3 r=uL A—
PV utility fee: 42 yen’kWh ¢ 08 , = 0.001
E )
Decision Model Lol
Imitation ( Most easily model ) %04 \
% :{rxi(l_)ﬁ) (> 1) ‘% \
' _rxl(l_xl) (fl < fz) z 02

r: const (r = 0.001) 05 s or o o2

PV popularization is stopped Accounting rate [L

( 7 become bigger, then the dynamics close in Replicator Dynamics |

= Trial and Error
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M Decision Sequence N 2,
+ Select an agent and an opponent randomly
- E t hastrend Z
very agent hastrend based on g Oo F oo

reinforcement and forgetting

Trend of player i selecting PV installation
Bl(t + 1) = (1_ ¢)El(t) + Ril(t)
Forgetting Reinforcement
Rate which player i selects PV ingtallation : x,, (abbr. x; )
X, (t) — Bl(t) _ Bl(t)

R‘.l(t) : Reinforcement of PV installation
@ : Rate of forgetting

Py(e)+P,(e)  P(e)

_ _ Rl(l +1) o (Ril —X; (Z)(Rfl + Ri2 ))
L N vy 3 e L1 o ry e

TR T _M

= Trial and Error
Payoff table  Oppositeside  OWN | Rateof | fomme oy
(1VvSsy) S | Opp. i selef:t(i)on i Ax; at rate of selection
. | a b - Y _
ounste el c 4 | W& 5(1 x,)a/(1-@)P(t)+a)
el nlx) L a-x /(- 0)P() )

Payoff table ~ Oppositeside ' :
(1VSOthers) “}“ :E @-x) | —xc/(@-@)P(t)+c)
own sid 1 :

o L] Sia-n)a-o —xa/(0-g)Pl)+d)

Numerator of F]| [Ax‘]
= x,x,(1-x, Ja+x,(1-x, 1 x, )b+ (10— x, )xpx.c + (1— x, )1— x, )x.d
=x,(1-x, ) qa+ - x b+ xe + (1= x, )d) = x, 1= x, )/, - £2)

Trial and error
[E[Axi]:axi(l_xx)(fl_fz)] Q¢ : approximate value ( Constant )

- Trial and Error[16]
M Decision Sequence e
+ Select an agent and an opponent randomly
- Every agent hastrend based on - PO
reinforcement and for getting -4 ©
Simulation Setting ):1 1
Same as slide No. 9 208
PV utility fee: 42 yenlkWh 3
o
Decision Model ;0'6 \
Trial and error %04 Q
xlzaxl(l_xl)(fl_fz) fo_z =
a:const (o =0001) & o //

0 0.05 0.1 0.15 0.2

PV popularizati
Suppress popularization Accounting rate [t

(  become bigger, then the dynamics close in Replicator Dynamics |

= Mixture of Strategies %

Motivation
Itis hardly possible that one community contains one decision model

SOIO0I000
T2

A community

Setting
Mixtureof 2LearningAlgorithms(LAs) (4% 4% 2% [ 08 7%
\ o
LAL: Imitation LA2: Trid anderror |x, 2% &% & a=x,
Imitation Trial and error

PV DynamicE ) ( ( )
e mdexy ACEN S
L“'xn'{—rxn<1—x1) (s 200 73, 12)
X =71x, + (1_77)x12

LA2:%, = axlz(l_xiz)(ﬁ(xluu)_fz(xluu)) 1 Rate of LA1 (const)

Al X =7 x,+ (1_77)5‘12 Break down of PV ws[em

X, : PV rateof LA1
)
X;,: PV rateof LA2

= PV Dynamicswith 2 Decision M odel %

/fm fL_‘__,. /fm o fL‘:\ /’*.;;.
~ s
X s W =Xy,
Imitation Trial and error

Stable and Unstable Point
Stable point : @ A community

Unstable point : @

Learning Algorithm(LA)1

Imitation ; 0.2
Learning Algorithm(LA)2 | £ ;
Trial and error 2013

g 3 !
Rate of LA 1 agents: 0.5 :3 :

oo

05 _
1o PV rate (LA 1)
PV rate (LA 2) Xpo X1q
There exists 2 stable points areas
* PV rate convergences to about 0.39 ( Linear area: |eft blue area)

* PV rate convergences ( Nonlinear area: right blue area)
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= PV Dynamicswith 2 Decision M odel %
M Stable and Unstable Point an1d Gradient

L ]
Stable point : @ i
Unstable point : @ ,{{10_3
Vector fields: -
‘ector fields: = EO
Learning Algorithm(LA)1 Z7
Imitation 29
Learning Algorithm(LA)2 £
Trial and error i 0.2

Rate of LA 1 agents: 0.5

0.5
PV Rate { LA 2 )x;,

Reallocation rate: = 0.005

PV rate convergences to about 0.39 ( linear area)
PV rate convergences from 0.42 to 0.87 ( nonlinear area)
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= Progresses and Feature Works
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] Progr . . .
* Modeling considered Feed-In Tariff
- Analysis of the model =
- Verifies of parameters ( PV utility fee, PV power etc. )
- Applying of decision model
= Analysis of mixture model of 2 decision model

M Feature Works

- Theoretical analysis of mixture of 2 decision model A community
Tria and error
+ Applying evaluation function to mixture model ~ e e

Ol Yy
" gy

~

L s X

N e =

- /\‘fLa»fj;*’

i

+ Applying new penalty for PV installer

* Applying variance of parameters
) ~
- PV panel cost Experience curve N |mitation

- PV utility fee Difference between reference and present PV rate
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