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s’ — ts
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-y <l—yl,7=i+1, min{i+Ly,—1,1};i=2,--,1 (4.16)
2 pagt = =1, Lk =1, K20 = 2L = it (4.17)
dF<Em =1 k=1, K (4.18)
Eb=zih gt i=1 Lk=1- K (4.19)
oy >0i=1, I;j=1, Ngk=1,- K (4.20)
et >0i=1, L;j=1 ,Nyk=1 K (4.21)
wik gk b > 00 =1, k=1, K (4.22)
2 >0i=1,--- I-1k=1,--- K (4.23)
v, €401} i=1,---  L;j=1,-,N, (4.24)
yo,€{0,1}i=1,---  L;j=1,--- N, (4.25)
yoyp € {0,1},i=1,--- I (4.26)
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2_17”'7171{:_17'”7K7Qt5 — 9Wts
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1=1,---  L;k=1,--- | K (4.28)
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RP = min E¢z(z, §)
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('Tilf" 7xiNt)T7w; = (milv"' 7mi,NS)TD oo

EV = mmZ {C}ETEZ a:'g, x!, zpv, 2 G EYEL )+ C}T(:L'g + x},)}
i=1

s.t.
QU < Qi(@, &l Qi QL) QR =1, 11
Q;nln < Qts(wt’m ts 7QL) < Qmax2 .
Sy (@, iy, 2L S) = Stoi=1,-- 1
QPty; <l QM =1, Lj=1, N
L <l <QUyLi=1,--  Lj=1,--- N,
Emm ‘ y < foe(x ) < Emaxyg,i =1,---,1

Smln 7 < fb(xb) < Smaxylz”i — 1’ ’I

(4.9) — (4.16)
i_l‘i‘azfn :Zib_‘_zéut?i: L I Zgb ib_zgzlt
< maxz'zl ...’]

E; —z =1, T

m%>02:1~wkj:L~wM
7]201—1 A9 =1,--- Ny

xg,mb,zm,zout, p,U>OZ—1 i

2 >0i=1,---,1—1

(4.24) — (4.26)

Where
Ny N -
Qts(wm Zs) ts ’QZL) == Z{xfﬁ,]} - Z{xzs,]} + Qfﬁs_l + QZL + Ql0857
j=1 j=1

.M0 _ Minit
9 [7 Qts - ts

El(x), @}, 2, t B )

= Z{ft7j<'ri,j)} + EE - fge('r;i]) + E;L"m - z;f)v - ’Zéut > 07
=1

Zout7

i=1,---,1
S;m(.T;,.TZ,ﬂ}ls,gz):fgs( +fb xb Z{f&] 5,4 } SlL?Z:L aI

fge(a:)—agex i=1,---,1
s( Zg)_agsxgaz_]-v"'al
folx}) =aprl,i=1,--- 1

ft,j(l‘m) = at,jx;j,i =1,---,I;j=1,---,N;
fog(@s) = : ) i=1,- I;5=1,--- N
T _as,j{xz,j}Q +bs,jx§,j +Cs,j’ ’ T ’ e
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(4.2) — (4.4)
in]lnyz]_xt]< maXAZ 221,.[,]:17,Nt,k:1,,K

t]’

Isnjmy;]_ <QmaxA;J7 ,];jzl,---,Ns;kZL---,K
B, < Flef) € Bpihi= Lo Tk =1 K

S < fu(a") < SPUgi=1- k=10 K

(4.17) — (4.23)

Where

(4.27) — (4.34)

7. 0oodg
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D000 =(100RP)-(10000)+ (200 RP)-(20000)
+---+ (1200 RP)-(120000)[0]

0000000 =0000000000000000 x365—0000 [d]
=0000000000000 —0000 (0]

ggooood
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= 1
gboobogogooood X 100[%)

070000000000000000000000000000000000000

0000000000000000000000000000000000000000
00000000000000 304000000 1MW]00000000000000
0027500 /kW]0000000000000000NASOOOOOO 4[00/kWh]O
00000000000000000000 (00000000 ,-0000000000
0n,00000000000000000000000000000000000O0O00O0
0000000000000000EEVOOOOO000 VSSOOOOO RPOOOOODO
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DDDDDD:EZ

i=1

0000000
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O00-0000 1% 00000008090 00000000D0OOOODOOOOODODOO
goboboogooobooooobobboooobobuooooooboooooobooo
goooboboobobbbboobboboddoooooooooooboobbbbbboon
gobobooogoobobooooobbboooobobooooobobooooobooboobo
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0000000000000 000o0oooO0oooooooroo00 %0000 OOOO
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goboboooobbbooooboboooobobobuoooobobobood

0 3:RPOEEVOOO (00000 0.5MWh])

0| RP[O] EEV[O] VSS[O] 00 [%]
1 | 3,046,356 3,946,356 0 0
2 | 3,921,801 3,921,801 0 0
3 | 3,906,804 3,008,387 1,584 1.2
4 | 3,881,846 3,883,335 1,489 0.9
5 | 3,869,210 3,870,449 1,239 0.7
6 | 3,897,088 3,898,978 1,890 1.3
7 | 3,872,626 3,874,121 1,495 0.9
8 | 3,880,509 3,881,601 1,092 0.7
9 | 3,925,914 3,925,914 0 0
10 | 3,939,039 3,939,039 0 0
11 | 3,954,060 3,954,060 0 0
12 | 3,956,902 3,956,902 0 0

0 4 RPOEEVOOO (00000 1[MWh))

0| RP[O] EEV[D] VSS[O] 00O [%]
1 | 3,046,200 3,947,316 1,107 1.2
2 | 3,921,607 3,921,607 0 0
3 | 3,006,488 3,908,086 1,597 1.2
4 | 3,881,487 3,882,983 1,495 0.9
5 | 3,868,814 3,870,060 1,245 0.7
6 | 3,806,726 3,898,624 1,898 1.3
7 | 3,872,237 3873733 1,496 0.9
8 | 3,880,117 3,881,212 1,096 0.7
9 | 3,925,601 3,925,601 0 0
10 | 3,938,757 3,938,757 0 0
11| 3,953,877 3,955,884 2,007 2.3
12 | 3,956,763 3,956,763 0 0

ooOooOooOOoOoOoOoOOoOOOOO0OO0O000 OO0O0O0O0O0oOoooooooo
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05 RPOEEVOOO (00000 1.5 MWh))

RP[0]

EEV[O] VSS[O]

00 [%]

O
1 | 3,946,088
2 | 3,921,477
3 | 3,906,315
4 | 3,881,188
5 | 3,868,477
6 | 3,806,431
7 | 3,871,885
8 | 3,879,794
9

3,946,088 0
3,923,273 1,796
3,907,925 1,611
3,882,690 1,502
3,860,732 1,255
3,808,341 1,910
3,873,391 1,506
3,880,901 1,107

3,025,367 00000 -

103,938,612 0O0OO0D

11 | 3,953,780
12| 3,956,665

3,955,055 1,275
3,956,665 0

0
1.5
1.2
0.9
0.7
1.3
0.9
0.7

1.5
0

06 RPOEEVOOD (00000 2[MWHh])

RP[0]

EEV[O] VSS[O]

00 %)

3,946,019
3,921,389

O
1
2
3
4 | 3,880,977
5 | 3,868,213
6 | 3,896,202
7 | 3,871,603
8 | 3,879,569
9
10 | 3,938,533
11 | 3,953,723
12 | 3,956,604

3,946,019 0
3,922,620 1,231

3006215 00000 -

3,882,486 1,509
3,860,478 1,266
3,808,119 1,917
3,873,122 1,519
3,880,686 1,118

3,925202 00000

3,940,058 1,524
3,953,723 0
3,956,604 0

0
1.0
0.9
0.7
1.3
0.9
0.7
1.5

0

0

U 7n00bbodogdoon

00000 0O000[0] 0000000[0] oo00O0 [%)
0.5[MWh] 1,428,092,483 47 516,038 3
1[MWh]  1,427,986,692 47,621,828 3
1.5[MWh]  1,427,907,228 47,701,293 3
2[MWh] 1,427,851,436 47,757,085 3

ooOooOooOOoOoOoOoOOoOOOOO0OO0O000 OO0O0O0O0O0oOoooooooo
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08 0000000000 (000 r=0[%)
00000 0000000000 000000

0.5[MWh] 23.57 23.71
1[MWH] 23.94 24.12
1.5[MWHh] 24.32 24.54
2[MWHh] 24.71 24.90

090000000000 @O0 r=1[%))
goobono boooobbbdodo oooobobo

0.5[MWH] 27.02 27.19
1[MWH] 27.50 27.74
1.5[MWHh] 28.00 28.30
2[MWHh] 28.52 28.78

9. 04
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ABSTRACT

ENERGY PLANT OPERATION AND INSTALLATION PLANNING VIA
STOCHASTIC PROGRAMMING

Tomoki Fukuba Takayuki Shiina Ken-ichi Tokoro
Waseda University Central Research Institute of Electric Power Industry

An optimization model of energy plants operational planning when installing photovoltaic generation
and a storage battery is developed via two-stage stochastic programming. This determines the operational
planning while considering the uncertainty of the output of the photovoltaic generation. The uncertainty
is represented by a set of discrete scenarios. The decisions indicating the states of the devices are made in
the first stage, and the amounts of the energy flow are determined in the second stage for each scenario.
The objective is the minimization of the expected value of the operational cost. Including a nonlinear
constraint for a practical operational planning, the model becomes a large-scale nonlinear mixed integer
programming problem. In order to obtain an exact solution, we reformulate it as a large-scale mixed integer
programming problem by introducing piecewise linear approximation. Computational results show the
effectiveness of our stochastic model by comparing it with the conventional deterministic model. We also
calculate recovery periods of the investment cost for the photovoltaic generation and the storage battery
and make an economical evaluation of installing them in Japan.
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