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= Today's Topic ( January 17th)
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= Background and Objective

= Definition of M odel

= Promotion DynamicsAnalysis of PV
(1 decision player in a community )

= ( Promotion DynamicsAnalysis of PV)
(2 decision player in a community )

(Note: Next group meeting)

* Summary
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\ N I ntroduction
Energy Problem[1]
+ Stable energy supply “
* Low emission + Safety
+ Energy secure

New Resource of Energy
Photovoltaics: PV

Advantage
Self energy management High cost of PV | Output
n panel variability
A =

Promotion Policy of Renewable Energy [2][3]
Feed-in Tariff (FIT)
PV for residential setting ’.}f‘}<:_' [Power Supply Company ]

It isimportant to balance between promotion PV and consumer’s load

- Objective
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* Robustness against imbalance of PV ~ e e ~ ,; :‘
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Energy Secure (Self energy management) Promotion of Photovoltaics
Problems Srr
= Complex connections between agents o~
i L - Ty 4L - M-
——> Promotiverateof PV /‘*f_wp if.b ~ if\u
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Evolutionary Game[4]

= Variance of output ~
> Risk function L

Power variance

= High cost of PV e :[-;' <
. ) - R
C—> Reallocation for promotivePV %= Ny
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= Parameter s Based on Feed-in Tariff
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/— Demand Side —\
All consumers: 1 = 1] + na

Supply Side\

s ) PV Power companies
Promotion Rateﬁf1 PV ’l& —) Megasinfra power
e a=— -~ 9= Eld—w]
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All Demand : ¢ [kWh] d = z d;
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== Parameter s Based on Feed-in Tariff
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Demand Side Supply Side
/ \ ey
PV it: > ( )
profit: x [yen]  “° CpvE[w;] ; :
U py i & &
oY P e as
Solar panel cost : C-‘-’\";mm:f[yen] —_—_—— é i
Lifetime of solar panel : (Cap + a)E|d;] - -
Ylifetimelyear] | 5 <8 O

a1 A j’. j’.
ay A \ /
Cost by power imbalance :
c [yen/kWh]) Thevalueof PV : C'py [yen/kWh]

Mega-infrafee: (' p [yen/kWh]

("PVpun el
Additional fee: ¢ [yen/kWh]

- S?gaﬁ Q%hi( Ylifetime
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- Power |mbalance Risk
Power balance : Load Frequency Control (LFC)[5] _ I
|ld — (w+ E[d - w))| < €E[d] g%, il p—

(Demand ) —(Supply)  Ability of power control
Thevalueof € : 0.01~0.02 (1~2% )[5] =

| If |d — (w+ E[d — w])| > eE|d], then power imbalance occurs |

Assumption 1
= wjand d; are stochastic variables[6]

«{w;}jev and{d; };cprareindependent and identically distributed

* Each w; and d; areindependent

= Process of New | mbalance Risk
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"1 R(x1) ' RB(xy) " R(1)
0.8 0.8 0.8
- 06| - 06| 0 _
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It istoo strong condition to assume independent - |
of PV I sl — . Independent
= # : Dependent
All PV generate power at sametime : — s o4 y:Bepemient

> Imbalance risk existed between — and— g“’ Small risk!

| 2 : Probability of Power Imbalance| 5 . We define new risk function R(z1) Py sy Froosre
e T ; (0
R= Pr{|u.~ _ mE[wi]] > enBldi]} = Pr{ ¥ =™ bll L4 , Ri(z1) = —-a(l-z1)%+a
Vnie Vnio Ra(zy) =
j € T(h’ = erfe (an[di]) PV rate increase, R2 T ax'.lﬁ 1
\/EF L E ] 2mo then risk increase Blet) = oz 0] - n
W= Utility of PV Installer and No PV Installer = Promotion Dynamics of PV

Supply
Cpv Elw;) Side
€
—_— é’."i 933
> 2 |(Cap + a)Eld)]| 25 28
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Demand
Side
a2 X 2
Lr W A

Expectation Utility of PV Installer :y(x1)

y(a1) = =(1 = R(z)){(Cep + a)Eldi] + x — Cpv Elw;|}
o ™Mo
A~

Expectation Utility of No PV Installer : z(xzy)
2(r1) = —=(1 = R(z1)){(Cep + a) E[d]}— (1) cE[d;]
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Promotion Dynamicsof PV (#)

71 = (fi(z1) = d(x1)) 1 IfPVmstaJIanon isbetter than average
strategy, PV installation increases

fi(x1) = y(x1) (f1(x1): Expectation of selecting strategy 1)
(x1) = y(x1)xy + z(x1)(1 — =) (@(z1): Average expectation )

Promotion rate of PV : 'y Expectation of PV ingtaler : (1)
Expectation of no PV ingtaller : z(x1)
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= Promotion Dynamics of PV
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Demand Supply
Side S|de
2B |2

Promotion Dynamics of PV

7 = (fi(z1) — o(z1))2

€ &;..:bu.._“l
filzy) = ylxq) i i
@) = y(@)m + @) - ) o o €| iy i
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Concrete Objective
Theoretic analysis between |mbalance Risk and PV promotion rate

on promotion dynamics of PV (#)
Existence of stable points
d((fi(z1) — olx1))x1)

(fi(z1) — ¢(x1))z1 =0, o

Existence of unstable points S ey
)z =0, d((fl(-rl)drd’[-rln-si) =0 (*%)
1

Qﬁ‘(i‘:l)— o(x
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= Simulation of Promotion Dynamics (#)
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B Common Parameters Setting
All consumer n = 1, 000, 000
PV power [*] Efw;] = 0.4268 [kWh] Reference(7]
Demand[7] E|d;] = 0.7336 [kWh] LE
PV fee[**] Cpy = 42 [yenkWh]
Mega-infrafee C'e;p = 16[yen/kWh]
Cost by power imbalance[8] ¢ = 1, 000 [yen/kWh]

Solar panel cost Cpy panet = 2,000,0000yen] [ — -+, Stratogy 1
0.8}

Reference[**] [£

Lifetime of solar panel ¥ii fetime = 10 [year]

0.6}

Result (Note) 0.4/

Dynamics(#) convergenceonly x, =0 or x, =1,
( ¥ isthedominated member ) o

5 [11]

step

Next, We consider concrete reallocation £ and ¥




= Reallocation M echanism ( Model 1)
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l Model of promotion Dynamics of PV with reallocation (Model 1)
Government Demand Supply
o) ( % OB [ —>| Power

Blxy, p) = pnoZ(x) > <€—| companies

.

L
pnoZ(x1)| 4% )

1] 0L 1L

HJ"('TI ’ ru')

Z(x1) = ((1 = R(x1)C2 + R(x1)Cly)
C’_| = ('E[(f,;]
Cg = C{:;)E[d;]
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= Utility with Reallocation ( Model 1)
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Expectation Utility of PV Installer : y(x,, )
Yl 12) =~ RO (Cop + @I 4G, }- R(x ), + 42K

n
5 e —
[ Demand ]« [ Supply] ‘% ?[ Government ]-[ Demand]
o
- CIZZ_CPVE[W]J

Expectation Utility of No PV Installer : z(x,, )
Z(le /1) = _(1_ R(Xl)){ (CGP + a)E[di ]}_ R(XI)C4 + :UZ(Xl)
M]«m]  Demand | mp [ Government ]
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\ N A Theorem of Model 1

Theoreml
Supposethat risk functionis R = Ry(zy) = —a(zy — 1)* +a.
Under the assumption of given X, the promotion dynamics of PV (##)
has stable pointsiff the bellow condition of a issatisfied such that
(24 A)zy — 4) 4+ /(A% + 8A)z3 — 24Ax; + 16A
2(A = 1)zq(zy — 2)?
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0<a< (@)

Sketch of Proof
(##) can represent. &'y = a1 (1 — 21)(y (@1, ) — 2(x1, 1))
Calculating these inequalities (*), we can lead the above condition.
The inequality (1) says there are no relation between stable points and C'py.
And we transform the inequality (1) and represent A = ¢/C¢; p, then
2

o1 (V2 + Az — )2+ 4(A - D) — 22 - ((2+ Ay — 4)
(

OD<a<

The cost by power imbalance ¢ prevents from promotion of PV

y

Simulation of Model 1 ( R=R;)
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Imbalance Risk R, (x,)

Imbalance Risk Parameter &

o
(=]

0.5 1
Promotion Rate of PV -

03 035
Promotion Rate of PV

On simulation with common parameters ( p. 10),

= If wewant to promote PV about 30% [1](z1 = 0.6on R = R(x)
amax of parameter & isunder point P
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= Summary (January 17th)

Summary

Promotion dynamics analysis of PV
(1 decision player in a community )
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= Formulation of Promotion dynamics of PV
= Derivation of therelation between areachable PV rate and parameters
= Simulation

Next ( Group meeting on January 21st )
2 decision playersin a community
= Formulation of Promotion dynamics of PV

* The promotion dynamicsAnalysis by smulation
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- Today’s Topic ( January 21st )

Tokyo Institute of Technology

= Background and Objective

= Definition of M odel

= Promotion DynamicsAnalysis of PV

(1 decision player in a community )
(Note: The contents of local group meeting)

= Promotion DynamicsAnalysis of PV
(2 decision player in a community )

* Progress
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= Reallocation M echanism ( Model 1)

l Model of promotion Dynamics of PV with reallocation (Model 1)

Government Demand Supply
o) | % OB | ——>| Power

Blxy, p) = pnoZ(x) 5

L

o Z(x /Z‘ /?'
ey, p) = L2200 F
ny P
Z(x1) = ((1 = R(x1)C2 + R(x1)Cly)
Cy = cE|d|)
Cz = C{:;)E[d;]
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= Reallocation Mechanism ( Model 2)
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Reallocation from no PV installer to PV installer
Government Demand Supply
» » | —>| Power
Y | €—| companies

/‘.‘ég
b é
<> gyen
Fa W, S
e A & g5

C,=y-C, Elw,
ExpectationUtilityofPVInstaIler:y(Xp/l) (1 Z4 Z lWJJ)
n
V0 )= (1RO (G +@Ele G} Rl + 4525

Expectation Utility of No PV Installer : 2(%,, &)

200, ) =1~ RO (Cop +)EIG - RC, -,

\ N A Theorem of Model 2

Theorem4
Suppose that risk functionis R= R (x )= -a(l-x )’ +a.
Under the assumption of given X, the promotion dynamics of PV (##)
has stable pointsiff the bellow condition of a issatisfied such that
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1
0< a<m 4

Sketch of Proof
Same as sketch of proof about theorem1.

Theinequality (4) saysthere are no relation between stable points and
parameters C,,, , Cg: C. and so on.

The minimum upper bound of & is0.75when X, equals 2/3.
1 1

x(4-3x)  —3Ax-2/3)+4/3
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= Simulation of Model 2 ( R=R, )
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1: 1
~ 3 | Y|
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* 06 ® 0.6
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Promotion Rate of PV X

Promotion Rate of PV X

On simulation with common parameters ( p. 10) supposed that R= R (x,),

* If wewant to promote PV about 35% [1](x, = 0.6) (green line),
aparameter a isnoconstraint if a<0.75 . T

Percentage of demand power—— E[d‘] =0.35x 0.7336 =~ 0.60

Elw, 0.4268
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= Mixture of Strategies
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M otivation
A community L/‘C}O%OQO%OD ’r) ‘ 20@@0@0%00]
4 AL 4 A : - 4 L P
System

Mixtureof 2 LearningAlgorithms(LAs)
LAL1: Replicator Dynamics (RD)

LA2: Imitation
PV rateof LAL: X,
s B S . I Y PV ratein LA2: X,
— o L A M
X, > @ > %, Rate of LA in acommunity :77
RD Imitation Imitationrate: r

PV rate of all consumers: x, =77 %, + (1—77) %,
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\ N Imitation[9]
M Decision Sequence o
1. Select an agent and an opponent randomly /‘y (O Air f;,te_.\ o0

2. If the opponent looks good, %
the agent imitates opponent’s strategy >
N
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1. f1 > f2 PV installation is better f1< fz PV installation isworse
- - Flow from PV installation
= 0 S XNAtx(1-x)
- Flow to PV installation -
=wa (1-x,)INAtxx, = wa 0
2. Variance of the number of PV installation S
{NAXQ = Xl(l— Xlz)rNAt ( f,>f, ) I : Rate of doing imitation
NAX,, ==x,(1-x rNAt ~ (f,<f,) f,=y0q,u), f,=2(x, 1)

rxl(l_XIZ) (flzfz)
0 f,=1f,) |Imitation (Most easily model )

_rxlz(l_xl) ( f1< fz)

% =




= Simulation Setting

Promotion Dynamics of PV (mixture of LAS)
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% =1 % +(1-17)%, G2
LAL: %, = %, (1= %y (%, ) - 2%, 1))

o [ralex) (v m)> 2, ) [ ey raeof LAL
LA2:%,=10 (y(xl,,ugzzgxl,,u)) Xt PV ratein LA2

7. Rateof LAlin
community
I : Imitation rate

=%, (L=%) (y(%, )< 2(%, 1)
Utility of PV installer : Y(X,, 1) < p.
Utility of noP\/mstaIIer.Z(Xl,,u)

Concrete Objective
analysis between Imbalance Risk and PV popularization rate on

promotion dynamics of PV (##) by simulation <X1 =[x, %,T )

/

Existence of stable points
5,.=0, % {8{91/8&1 Bﬁl/aﬁz}w ey
dx, | 0%,/0%, 0%, /0%,

™= Simulation of Promotive Dynamics (##)
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R (%)

* Risk of Imbalance: R(x,)= R(x )=-a(l-x, ) +a

- Imitation rate :r = 0.001
» Rateof LA 1 agents:77=0.5
= Common parametersaresameasp. 10

= Model 2isused
1 .
Zos til005s
W
N
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c oz z
>
0.2 /f’ A
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PV Rate ( LA 2 )
¥ =0.0,1.0 areunstable points

Therearelinear shaped stable points

or___ 3

Stable point : @
Unstable point : @
Vector fields: =>

Learning Algorithm(LA)1

Learning Algorithm(LA)2
Imitation

Redllocationrate: ¢ =0.1

Risk fun. parameter: a=0.1

Replicator Dynamics

-
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Changes of Reallocation Rate
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PV Rate (LA 2)
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‘ A parameter ( relatesthetotal PV ratexl‘
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Changes of Imbalance Risk Parameter

55///////////

PV Rate (LA 2)
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PVRate (LA 2}

A parameter a relatesthe shape of stablepoints‘

-

Distribution of promotive rate of PV
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a=01" a=05"
08 08
<o 06 '\
> o4 ; : o4 1
3 Linear Change & " ifurcation |
02 02

0 0.1 0.2 0.3 04 0 0.1 0.2 0.3 04
Reallocation rate 1 Reallocation rate 1t
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1

o5 Bifurcation 08l A

PV rate x
o
-

PV rate x
o
-

Bifurcation

% o oz o3 o4 % o oz o3 o4

Reallocation rate 1 Reallecation rate

1

PV rate x

PV Strategy Freguency

Comparison of 1 Decision M odel

1

PV rate x

Nearly Same

o1 02 03 04
Reallocation rate

1 decision model

© 8P (a=09)
< USP(a=09)
+ SP(a=05)
©SPla=01) |

0 02 04 06

Accounting rate

PV rate x,

a=05"n
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batora=01]
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o1 02 03 04
Reallocation rate 1

N\

01 02 03 04

Reallocation rate 1




= Summary ( January 21st )

Summary
Promotion dynamics analysis of PV
= 1 decision player in acommunity
- Formulation of Promotion dynamics of PV
- Derivation of the relation between a reachable PV rate and parameters
- Simulation
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= 2 decision playersin a community
- Formulation of Promotion dynamics of PV
- The promotion dynamics Analysis by simulation

Feature Works Selling power  No selling power  No solar panel
Vo >
“Morethan 3 strategy > =X =

=Derivation of parameter’srelation about promotion dynamics
with 2 decision playersin a community
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