=FIEIEAT M52 M1Z pp. 1-22 (20243 3)

(€)ISSN : 2765-2351 JOURNAL OF LOGISTICS
https://doi.org/10.23178/jlst.5.1.202403.001 SCIENCE & TECHNOLOGY

Journal of Logistics Science & Technology volume 5, No.1, pp. 1-22 (March 2024) I "T
11

Co-optimizing Power Grid Operations
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In this study, we address the optimization problem of reducing the power restoration period after a
major natural disaster. To improve the resilience of power restoration at each demand location, we
schedule repairs to the fault locations along the power grid, and reconfigure the power grid as
components in the grid are repaired. Most repair scheduling and network reconfiguration
co-optimization problems considered only a radial network as the power grid configuration, with a
small number of switches that determine whether a line is operational or not. In addition, despite
the need for long-term scheduling, they approached it as a traditional scheduling problem that did
not consider for off-hours. The value of this research is to propose optimal network configures and
repair schedule considering off-hours and a smart grid with multiple power supply routes and
power sources. To achieve this, we introduce a mixed integer linear programming and a

matheuristic that takes into account the complexity of the problem.
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Figure 1. Power Restoration After Hurricanes Maria And Irma (Webber, 2017)
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Figure 2. Example of Operation Frameworks
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Table 1. Notation Associated with the Repair Crew Scheduling

Sets and Parameters

T Set of repair sequence

C Set of crews

ct Set of crews belonging to the line repair team

cH Set of crews belonging to the heavy machinery team

ERE Set of fault locations (lines)

EFE Set of critical fault locations

R, Estimated required repair time for fault location /

Variables

2. If crew ¢ repairs the fault location /, z.;, =1, otherwise z.; =0
Ze If crew ¢ moves from location / to location %, z.;, =1, otherwise z,;, =0
b, Beginning time of repair job for the fault location /

¢ End time of repair job for the fault location !/

“Table 17014 AAR A, dANS, Ll AFAFE Boste] 42 U4 Ao U@ thes)
Aora e Ao @,

Y. z,=1 ,vie EFE @)
ce ct
Y. :,=1 ,vie EFf ©)
ce c?
z2,=1 ,Vce Cle (—1,0) (4)
Zon =2 ,Vee Cle EFFU{0) (5)
ke ERG (—1)
. Zein =25 .VYce Cle ERFFU{—1) (6)
e EXEy {0}
Y oz ,.=1 ,vcec @)
ke ERU (-1}
Y z,..,=1 ,vcecC 8)
ke EFU (o)

e <by+Me (1—2.,,) ,VYee Cile EFFuf{0), ke EFFU{-1)\ I} (9

¢ = R+b | vie EFF (10)
z,€ 0.1} \vee gre EFFU{-1,0) (11)
zar €101} vee cie EFFU{0). ke EFFU (1) (12)
epb =0 vie EFF (13)
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Table 2. Notation Associated with the Network Configuration

Sets and Parameters

N Set of nodes(buses;demand locations)

N°° Set of nodes with power supplies

E Set of lines

ESY Set of lines with switches

ESS Set of lines connected to power supplies

8(0) Set of nodes connected to edge [

(i) Set of nodes connected to node i

Variables

7 Repair completion order for the fault location !/

a If line / is operable at stage f, @;, =1, otherwise «;, =0

X If node ¢ is the parent of node ; at stage ¢, x;;, =1, otherwise z;;, =0
Oyt If node ; is powered by power supply g at stage ¢, 0, ;, =1, otherwise 5, ;, =0

t=yy=—M+ (1-ay,) ,vie EF e T (14)
t—y+t1<M-+a, ,vie EFAE" te T (15)
;=1 vieE\(ES"UE),te T (16)
i tx g =a, Vijedl),le Ete T (17)
ie[ﬁj(j)xi,j,t <1 ,VjeNteT (18)
‘ Z( Tiad =0 ,Yge N*teT (19)

i€xle
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Opiv 20,5 —(1—a,;) Wge E,ijedl)lec Este T (22)

0ot =1 ,Vge E¥,te T (23)

T € {0,1} ,Vje;r(z'),z'e]\f,te T (24)

e {01} vieEteT (25)

0,50 € (0.1} vge NS je Nte T (26)
HESNA 74 24 a8 3 2 A5E “Table 270 Uehy 9lon, o] &L v Fg] 5 A uict
Zo| MESY A & ZA sl BARET 2 (14)-(16)2 AEHe S8 2o o2 21X

AR 2 (14)S ZE 248 A4 o] dste] 8] %8 AR olde] ARl A

3 o 2 (15) 49 B 1 F AY 29XE TFeiA Pe AAEY A
x e om T mpAH o2 4 (16)d ofs =HAE EFT
HNEL B AFHA 3 89T

=L Gl

2 (17)2 AH ol E8EE Ao tE A7) e shteld, £8HA o AAdoA Y] ARe A
Gg S ounh 4 (18) BE =20 Y g5 ARE shy olstd & ofvlsiH, 4 (19)= dHdel 3
Bohe kB OE RERRE AY oF T2 5 YlEe ok 4 17)-19)° &5t YEH A 74
b TH2E Fx2E WA Ho

33 HlA Al 9 A A|eF

Table 3. Notation Associated with the Distribution System Operations

Sets and Parameters

PP/QF Active/reactive power demand of demand location ¢
PI/ Q™ Active/reactive power limit for line (i,7) at stage ¢

R, /X ; Resistance/reactance of line (7,)

st Reference voltage(voltage of a power supply ¢

vE Regular Voltage

€ Tolerance of voltage fluctuations

Variables

Diid @i Active/reactive power on line (i)

Vi Voltage on node i at stage ¢

0;.; If node i is energized at stage ¢, o,, =1, otherwise p;, =0

10 r2x3p7I20T, HsA H1ZE (2024)
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0<p, € P eux;, Vier(j,je Nte T (27)
0<¢q,;, € Q™ eux;, ,Vier(j,je Nte T (28)
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1€ m(J 1€ m(J
—Me (2—z;;,—0,;,)=<
Rz,"pz,,t—’—‘X; qi,j.t ~c o
Vi TV T ’ ]VSS ’ ’ Vge N, iex(j),j e NNN*,te T (31)
g
< M' (2—xl-y]-yt_0‘g.i.t>
Vi—e<v, < Ve vie N\N*.teT (32)
Oit = 01 ,Vie N\N*,te T\ {|T|—1} (33)
o€ {01} [vie M\\N*,te TU (-1} (34)

“Table 3”7 AAH Fa vj7/fHS o &3 AHEH A A A L FaAE A
g FH ARE AAHSE A TAN AR A (27)-(28)2 tAIH Y 2E&HE Ao U fE/FE
7% (Active/Reactive Power)®] &3to]l 5& o &oh 2 (29)-(30)2 ¥ & 42| (Power Balance
Equation) .2 U ESL T 558 9 A3 A EYPA AEEHE +3 55 A2 (Flow Balance Equation)¥}t
Attt (A1 o AR joll det] WY F5E A, o, =10 HH, Ak Ao AH ;9
StERtE e dE o] & g HIHT

A (1)-(3)E =
mEe AEHAG. AT mAe H}mfc A
T A% (Regular Voltage)S =E7F A2 EHAL Age wET 4
& AR

e Ho

+ Baran(1989)7} #|¢+&t LinDistFlow
o A 37|18 AASY. olue A
=71¢] /3

B == H

>
N
=
rlo
~

(33)2 tA A AE & FFHE FAAE 1 o)|F AHAAE A& A A8 S Faio}

Table 4. Notation Associated with Constraints Related to the Objective

Sets and Parameters

H" Working hours on day
HY"  Non-working hours on day
U Start time of job on day
W; Priority weight of load at demand location ¢
"4 Weight of the term, which is the sum of the repair completion times per fault location
Variables
f Complete time of a repair job for the fault location / (considered working hours)
The number of days that elapsed since a repair job for the fault location ! was
o completed
fir If f, <fu, fi.,=1, otherwise f;, =0
Y, If the repair at the fault location / is complete at stage t, y,, =1, otherwise y,, =0
Vit If node 7 is powered for the first time at stage ¢, 7,, = 1, otherwise 7;, =0
n; Restoration time that the demand location i
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Figure 7. Depended Order-Preserving Operator
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Figure 8. Transform Repair Orders to Schedules
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Table 6. Comparison of MILP and Matheuristic

MILP Matheuristic

Instance # LT # HT Run Run
Obj.val . Gap(%)  Obj.val . Gap(%)
time time

13 node 2 1 1074921  160.8(s) 0.0 1074921  6.9(s) 0.0

37 node 3 2 11903.7 24.0(h) 100.0 11903.7 4.6(m) 0.0
9 AR AHEE F A 2"zl BE A Y 29X E 2FIATh AFE £ AGe 21
AEEE 2= Ao dHA A (Japata, 2008). Lol et 21 AEEde] 22 FEL T A
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