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Mathematical Optimization Model and Algorithm for Energy System Configuration and Operation
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This paper proposes an optimization method to find an optimal configuration and operation of energy system for facilities
including factories and plants that consume energy in large quantities from the viewpoint of energy cost reduction with combining
batteries, photovoltaic generation systems, and private power generators. It is not easy to optimize configuration and operation
of energy systems since it is necessary to consider synergistic and complementary effects between pieces of energy equipment
as well as the performance and the cost of the individual equipment. In addition to this, recent lively utilization of renewable
energies increases options of configuration and it causes the problem to be more complicated. For this issue, we propose a
general-purpose mathematical model and algorithm for optimization of energy system configuration and operation that considers

implementation and provision as an optimization system that can be used for various projects.

1. #&

TR T ek, TANF—% KEIHET 5 ik
2BV, TAVF— T A MBS AR OB
Mo, MENZFEERLEEM, R ES AT L% &b
LI ANT =Y AT LR - BT 46125 LIE
AHND, THRVF—T AT LAORR, - EHOMEHZ B

T, AR & 7 B 4 DI A F—AHOMERER 2 2
MDA LT, ZOREN & HRARIZNED LoD %
H\NZH ) il OMEE 2 ZET b UED D L7200, D
RELIIAS TR, EHITEETIEHETREL AV
F—OFHNERETH Y (D, BHEDILHLLOOH S
ZEMNS, RELIANVF—T AT LOERREHORE
FEHRETETHIE 2o T EFHENS.

IANF =T AT L O EHIZ OV T ORI
A ATH Y, FEHIC OV TII — A fClZiE
52 EETh BIZIE, HRBERHREN, a2tz l
OBMP OB INIZbOL LTEE (2) 25, =4

il

24

WE—FIBEDETY ¥ ZNZOWTIIBE T (3) 25EL
Vv, EfREILE VO BT TR, TAVF—-E LTED,
Al L CEEMICEHLL 200 4 O ngy | ST A
V¥ — - EEEEBL2DD (O R LLikch b, i
DR FAERE L AEEEbiconTd, KifkEe €
TIABEE A TN L 7= FAe g s Ttng (7 8),

—HT, FHLELTOIZINF—T AT LOREHELE

i%ft%%@ﬁ%gmwﬂ%%ﬁﬁ%ﬁﬁﬁazﬂﬁ%&w

O, HEHELEBEYHPFREIL L THZET) V7T
wZUXA%%%ﬁv_kiﬁ%%Ti&w.—@@mﬁ
AbHTIE, TRV F—RIEORERE, I A MEHRE V-7
iz AJJTIUSHEFED G H NS &9 il by A7 4k
LTREEEND Z EHET L, COEICEH L2EHE
Bz,

COMBEISN L TARRRTIE, SESTFREMICHATE
DEGE(LY AT L E LTSS - fefitaEik L7, VA
DENT AN F = AT AR - B RE O BIRE TV
& FNERNIRL 720D T NV T) AL ZIR_RFET 5.

IHI $#  Vol.59 No.4 (2019 )



INHIHEDS R LY AT L F WA Z T, FBHIG
U72ET) - TV AABRAREE 22 ), AL F—
VAT LHERY - BRI BE S A BT o RhERIn) LA
TE5. FHLVEAENREI ALY —X, ZREFHL
P2 I AN AVES L7 ATH, EHIZINSER)
RN AE DRI R L 12 b,
RECRETHETIVE, BN, 8, HA, BREL Co,
RE, TANF=RHOANTI & B HWER T AN F—%
VY —AEMIEL72) 2T, SESELEHOTAINF—
BmOREER, ) Y — 2O AT BT S B 8T
A=FELTEHATHI L2/ E L TD, ZICK
D, NIA=FOEMEEEZLZET, FLVkER)
V= AFEIZO BRSNS TE L. F2, NT A= DfL
BT ORI EW 2, F#Efbs A7 2OFHIZHE L Ted
L D BB LOMRE A ZoR L e\ W 2 & QIREE TV OSF
FEO—oTHh 5.
REETVIIRAEEERE L Lo bens, /h
U7 RG] C HAUIFERETE V) VN TIFES 2 & HRET
HDH, PHETNVE LTOMWE &, HBRRBI: fE
EBYELH D, T2 CTRBIER SN 2 I
P& L, Benders 20 () (28O, FIRERRE DR
RFHLZZ7VT) ALERET D,
FEROWBIIUTO LB THD. 2 ETIE, ATk
YA TANF— 2 AT AERL - B o RO
DWCIR7zDL, 3 BETIIRBE LOHRLRKD 54
FE, iR BBl e L CoB R IREIC L2
2T, wftEOERLZIT). 4 BT, 3ETENX

AN

- ERHMAIOL Y i1 B9 % 1

EREOLYY g
g% o= !ﬂﬂ 4@@

ERR HAS—EY K15 EE

R ’ T7 i

- il _E il oot TT

B . e
KBERE AHRE  2of
VAT A VAT A

ZDII P,

- X LIRME (kW) IR VF— BT 5 1R »

CHAEE (kW) e WA BT

- REBEE (%)
- I A MEHEEE (4F)
e

BHUAC S A, B &
O T A F—IZ[FAEED
THH % % En

AL 7Bl LR OREE 12D \WCTEEE L, Benders S
2D R e LT VT AL R EET S, SET
BARTRELZET )V - 7TV I ZAIZHED i by
AT DOV THERDD, ZNAFIHAL7zZ RV F -2 A
7 AR - EHRE LOFTEGI 2R, RERIC 6 ETIX
AROWNEE E L O, SROFEIZOVTIERD.

2. IRIFX—2RT LB - ERRELEE

TR T T v M e K2 RIS, BB DI A
FFEI LTI R Mot FEHT 5 A F -2 A
T LD Z DA T EERODL L5 EZ L. B
B2, AEEftREOMELRS. TAVF -2 AT Ll
1% - EHOREILIZEE LT, R - AEROL VY, #)
O MR L oo A BRI 2B T A IR
2, WHIHOFE Y — U RLZOERBEEE, aA ML
Vo 72 Z A F = ICH T B IEWMAFIHTRECTH B LT 5.
KiE Ty Aioiibid, ERofEREHRS L L2b &
T, A=Y X WVIAMEFEFEDT =7 aX Ol
2 HMET B T AT =2 AT A O (RO
AZELRMT) - B &, B 2 et %
L7292 TROLMETH 5.

3. EFULY

3.1 EffE=

RIGEIIE, TANF—T AT LORHIRABRE I By
T, BT AN F—FTEI T SRR A )V F =i
FEEPHR - I A ORS00 L, UTD

e}

5 8 ¢ D

& ol s m :
(kW) |(kW-h) B L LR D R h 5,
iR Sy — BB R

KEEIEFEY AT 4| 2500 - T, A=A VIR E T

VT ARNDRNE R D
fEOMEE IR, HORHE

B H ith| 2000 | 2000

JAISEE Y AT & 2000 - B Rs b ol HEgE

fo L T

i L7 U0 H R T %
§ | AROMIERE iR

Demand(+) o Suppiy(-) [KWhihj

nnnnn

BI1IR TAVF— AT AN - B B AL RE #E
Fig. 1 Conceptual drawing of energy system configuration and operation optimization problem
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