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Day-ahead Scheduling

Proposed Approach: Third-order Semidefinite Programming (TSDP).
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Experimental Results

24-hour problem based on IEEE and European grid data:

|

|

|

: | Linear DC Model I Nonlinear AC Model

1 Test Case Number Ratio of TSDP TSDP  TSDP CPLEX CPLEX Ratio of TSDP TSDP TSDP
: of Units Inexact Binaries Gap Time Gap Time Inexact Binaries Gap Time
1 IEEE 118 54 0 /1296 0% 3s 3.93% 10800s' 0/1296 0.01% 11s
: IEEE 300 69 0/ 1656 0% 4s 4.08% 10800s 0/1656 0.32% 41s
1 PEGASE 1354 260 42.3 /6240 0.06% 18s 8.84% 10800s' 26.5 /6240  1.26% 492s
: PEGASE 2869 510 24.5 /12240  0.09% 35s 17.21% 10800sT 31.1 /12240  0.45% 2199s
I PEGASE 9241 1445 31.1 /34680 0.13% 142s — 10800s 68.5 / 34680  1.82% 72024s
1 PEGASE 13659 4092 71.8 /98280  0.20% 284s — 10800sT 91.8 /98280 1.17% 101450s
: T Solver is terminated after 3 hours.

|

|

|

|
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Feasible solutions with less than 2% distance from the globally optimality

* Several relaxation schemes have been proposed for UC and OPF:

SDP

Relaxation

TSDP
Relaxation

*

SOCP
Relaxation

An ideal balance between strength and complexity.
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Problem Formulation

e Consider a problem with T time periods and (G units:

G T
minimize Z Z Cg.t
x,p,q,cERFT g=1t=1
subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G,
(P:t,4:t) € M Vte T,

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

G T
minimize Z Z Cy.t
x7p7q7c€RGXT g:]_ t:].
subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G,
(p:,t7 q:,t) S Aft Vt € T,
* The on/off status of unit g attime ¢ Tgt € 10,1}

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

G T
minimize Z Z Cy.t
x,p,q,ceREXT g=1t=1
subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G,
(p:,t7 q:,t) S Aft Vi < Ta
* The on/off status of unit g attime ¢ : rg: € 10,1}
* Active power injection of unit g attime ¢ : Pg,t

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

I I
| |
| 1
. :
: G T :
I o« . .
I | minimize E g Cg.t :
' GXT ’ I
: )(71)7(].7(36]R g:]_ t=1 1
|
i subject to (Xg,tv Pg,:» dg,:> Cg,t) € U, Vg € g, :
1
i (P:,t, q:,t) < Aft Vt < 7-7 :
| |
1
i * The on/off status of unit g attime t: Tg.: €10,1} :
|
\ * Active power injection of unit g attime ¢ : Pg,t !
|
. * Reactive power injection of unit ¢ attime ¢ : dg,t i
: 1
| I
| |
| 1
| |
| I
| |
| 1
| |
| I

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

| |
| |
| |
| 1
| |
I G T :
1 e e
| minimize g g Cg.t :
! RGXT ’ I
: X7p7q7C€ g:]_ t=1 1
1
i subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G, !
|
i (P:,t, q:,t) S Aft Vt < 7-7 :
| |
|
i * The on/off status of unit g attime ¢ : Tgt € {07 1} !
|
\ * Active power injection of unit g attime ¢ : Pg,t !
|
I * Reactive power injection of unit ¢ attime t : dg,t i
|
. * Operating cost of unit g attime ¢ : Cg,t i
; .
| 1
| |
| |
| |
| 1
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

| |
| |
| |
| 1
| |
I G T :
: IR Overall I
|| mummize | E E Cgt | Coet |
: )(71)7(17(36]R g:]_ t=1 I
I . :
: SUbJeCt to (Xg,:y pg,:, qg,:7 cg,:) S Z/[g vg € g7 :
|
i (P:,t, q:,t) S Aft Vt S 7-7 :
| |
|
i * The on/off status of unit g attime ¢ : xg: € {0,1} !
|
\ * Active power injection of unit g attime ¢ : Pg,t !
|
I * Reactive power injection of unit ¢ attime t : dg,t i
|
. * Operating cost of unit g attime ¢ : Cg,t i
; |
| 1
| |
| |
| |
| 1
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

I |
| I
| |
| 1
| |
I G T :
1 e e
1| minimize g g Cg.t !
' GXT , !
: )(7137(1706]R g:]_ t=1 |
| . Unit !
: SUbJeCt o (Xgm Pg.:5 g, CQ,Z) < ug Vg = g’ = Constnrlaints :
|
E (P:t.q:t) € My Vte T, i
| I
|
i * The on/off status of unit g attime ¢ : xg: € {0,1} !
I
\ * Active power injection of unit g attime ¢ : Pg,t !
I
I * Reactive power injection of unit ¢ attime t : dg,t i
|
, * Operating cost of unit g attime ¢ : Cq.t i
! |
| 1
| |
| I
| |
| 1
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

| |
| I
| |
| 1
| |
I G T :
1 e e
| minimize g g Cg.t :
! RGXT ’ |
: X,p,q,Ccc g:]_ t=1 I
1
i SUbJeCt to (Xg,:y pg,:, qg,:7 cg,:) S Z/[g vg € g7 :
|
i (P:,t, q:,t) S Aft Vt S 7-7 :
| I
|
i * The on/off status of unit g attime t¢: Tgt € {07 1} !
I
\ * Active power injection of unit g attime ¢ : Pg,t !
I
I * Reactive power injection of unit ¢ attime t : dg,t i
|
, * Operating cost of unit g attime ¢ : Cq.t i
1
. . |
!« Unit feasible sets: U, Us, ..., U |
; .
| |
| 1
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

| |
| |
| |
| 1
| |
I G T :
1 e e
| minimize g g Cg.t :
' GXT ’ |
: )(7137(1706]R g:]_ t=1 1
I . :
| subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G, !
Network | !
i <p=7t7 qi’t) < 'Aft vt € T’ = Cor?st\/:girnts |
| |
|
i * The on/off status of unit g attime ¢ : xg: € {0,1} !
|
\ * Active power injection of unit g attime ¢ : Pg,t !
|
I * Reactive power injection of unit ¢ attime t : dg,t i
|
, * Operating cost of unit g attime ¢ : Cq.t i
1
. . |
!« Unit feasible sets: U, Us, ..., U |
; .
| |
| 1
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

| |
| I
| |
! :
: G T :
1 e e
| minimize Z Z Cg.t :
! RGXT ’ |
: x,p,q,CE g:]_ t=1 1
1
i SUbJeCt to (Xg,:y pg,:, qg,:7 cg,:) S Z/[g vg € g7 :
|
i (P:,t, q:,t) S Aft Vt S 7-7 :
| I
|
i * The on/off status of unit g attime t¢: Tgt € {07 1} !
I
\ * Active power injection of unit g attime ¢ : Pg,t !
I
I * Reactive power injection of unit ¢ attime t : dg,t i
|
, * Operating cost of unit g attime ¢ : Cq.t i
1
. . |
!« Unit feasible sets: U, Us, ..., U |
|
!« Network feasible sets: N1, Ny, ..., Nt i
I
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

I |
| |
| |
! :
: G T :
1 e e
1| minimize Z Z Cg.t !
! RGXT ’ I
: X,p,q,cE g:]_ t=1 |
I . !
: SUbJeCt to (Xg,:y pg,:, qg,:7 cg,:) S Z/[g vg € g7 :
|
E (P:t.q:t) € My Vte T, i
| |
|
i * The on/off status of unit g attime ¢ : xg: € {0,1} !
|
\ * Active power injection of unit g attime ¢ : Pg,t !
|
\ * Reactive power injection of unit g attime ¢ : 4g,t i
|
, * Operating cost of unit g attime ¢ : Cq,t i
1
: e Unit feasible sets: L[l?Z/{Q, .. 7Z/{G ) Discrete Parameters i
|
!« Network feasible sets: Ni,Na, ..., Nt i
|
| |

Ramtin Madani, UT Arlington 4



Problem Formulation

e Consider a problem with T time periods and (G units:

I |
| |
| |
| 1
| |
I G T :
1 e e
1| minimize g g Cg.t !
! GXT ’ 1
: )(71)7(17(36]R g:]_ t=1 |
I . !
| subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G, !
|
i (P:,t, q:,t) S Aft Vt S 7-7 :
| |
|
i * The on/off status of unit g attime ¢ : xg: € {0,1} !
|
\ * Active power injection of unit g attime ¢ : Pg,t !
|
|
\ * Reactive power injection of unit g attime ¢ : 4g,t !
|
, * Operating cost of unit g attime ¢ : Cq,t i
1
: e Unit feasible sets: Z/[l,Z/{Q, . 7Z/{G m) Discrete Parameters i
|
!« Network feasible sets: Ni,Na, ..., N7 = [ Nonlinear Equations :
| 1
| |

Ramtin Madani, UT Arlington 4



Unit Constraints

:Eg,t € {0, 1}

Cg,t = Oy pf},t + By Pgtt
Vg Tg,t + ’Y; (1- Tgt-1)Tgt + '73 Tgt-1(1—2g4),

Pg Tg,t < Pgt < Dg Tyt

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Qg Tgt < dgt < Qg Tgt- :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Tgt > Tgr—Tgr_1, VT E{t— mg +1,...,t},
l—xgt >2Tgr1—Tgr, VTE {t — mé +1,...,t},

Pyt — Pgt—1 < TgTgi1+ 85 (1 —2g4-1),

Pgt—1—DPgt <Tg Tyt + 85 (1 —g4),
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4 Tg,S8y : ramp rate limits
Tyt > Tgr — Tgr—1, VT E{t— my +1,...,t},
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Definition. For every generating unit g €
G, define U, to be the set of all quadruplets
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Network Constraints

d; + diag{ v;v; Y/} = CT(Pt + iq;)

. = * *

|d1ag{Ct ViV, ?t }’ S fmax;t
. S * *

|diag{C v¢v; vt H < finaxse

Vmin S |Vt| S Vmax

DC Network Constraints:

q =0
real{dt} + Bt Ht = CTpt

|]§t 0t| S fmax;t
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Network Constraints

d; + diag{ v;v; Y;} = C" (p; + iq,) d; : nodal power demand

|diag{(_3>t \OAA ?;“}] < faxct C, 8t, C; : unit/line incidence matrices

e
diag{C, vevi Y7} < fnux o & o |
Y, Y, Y;: nodal/line admittance matrices

Vmin S |Vt| S Vmax . .
Vmin, Vmax : Vvoltage magnitude limits

frax;t © line thermal limits

DC Network Constraints:

=0 ops ..
= Definition. For every time intervalt € T,

define N to be the set of all pairs (p. +,q. .+)
€ RT%2, for which there exists a vector of
complex voltages v., € CY satisfying the
network constraints.

real{dt} aF Bt Ot = CTpt

’Et et’ S fmax;t
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Convex Relaxation

e Consider a problem with T' time periods and G units:

G T
minimize E E Cqg,t

xapaq7c€RGXT g:]_ t=1
subject to (Xg.:,Pg.:»Ag.:, Cq.:) € U, Vg € G,
(p:,t7 q:,t) S Aft Vt € T,

Ramtin Madani, UT Arlington 7



Convex Relaxation

e Consider a problem with T' time periods and G units:

G T
minimize E E Cqg,t

xapaq7c€RGXT g:]_ t=1
subject to (Xg,:sPg,:, Ag,:, Cg,:) € Ug Vg €6,
(p:,t7 q:,t) S Aft Vt € T,

Ramtin Madani, UT Arlington 7



Convex Relaxation

e Consider a problem with T' time periods and G units:

G T
minimize E E Cqg,t

xapaq7c€RGXT g:]_ t=1
subject to (Xg.:,Pg.:»Ag.:, Cq.:) € U, Vg € G,
(p:,ta CI:,t) e M Vte T,

Ramtin Madani, UT Arlington 7



Convex Relaxation

e Consider a problem with T' time periods and G units:

G T
minimize E E Cqg,t

x7p7q7c€RGXT g:]_ t=1
subject to (Xg.:,Pg.:»Ag.:, Cq.:) € U, Vg € G,
(p:,t7 q:,t) S Aft Vt € T,

* A convex relaxation can be created by replacing {{, and N; with their
convex surrogates.
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x,p,q,cERFT g=1t=1
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(P:t,4:¢) € M Vte T,

* A convex relaxation can be created by replacing {{, and N; with their
convex surrogates.

e Unit feasible sets: U, = z/{;]TSDP

* Network feasible sets: AN; wp NPDP  (ALISDP AfSOCP
3

The proposed relaxation
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Relaxation of Unit Constraints

*  Non-convex constraints:

Tgt € {07 1}

_ 2 T 4
Cgt = Qg Py ¢ + Bg Pgt + Vg Tyt + Vg (xg,t - xg,t—lxg,t) + Vg ('rg,t—l - xg,t—lxg,t)
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Relaxation of Unit Constraints

*  Non-convex constraints:

Tgt € {07 1}

_ 2 T 4
Cg,t = Qg Pyt + Bg Pgt + Vg Tgt + Vg (Tgt — Tgt—1%g,t) + Vg (Tg,t—1 — Tg,t—1Tg,t)

4 4 4

e Lifting: Define a number of auxiliary variables:

2
Og,t = Pg,t> Yg,t 2 Dg,t—1%g,t;
Ug,t = Lgt—1Tg,t Zg,t = Lg,t—1DPg,t;
e The new variables o4+ and ug ; are defined to linearize the non-convex constraint.
*  Whereas yg4,t and 24+ are used to create a stronger relaxation.

 The goal is to design a set of linear and conic inequalities that partially describe the
convex hull of all feasible variables:

x.q’t_27 nyt_:[’ x.q’t’ uQvt_l’ ug7t7 pQ7t_17 pgvt’ OQvt_l’ Og7t7 yg,t’ ZQvt_17 zq’t
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Relaxation of Unit Constraints

Linearized version of the cost equations:

Cgt = Qg 0gt + By Pgt +7g Tg,t + 7.3 (Tgt —ug) + 'Y.i (Tgt—1 — Ug,t)
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* 24 linear inequalities:

- e]— - T - e
—Pg +1 e; +eq +e; Zg,t—1
+1 +Py -1 e; —i—_l_elT1 —ﬁ_e]}; Ty
-1 ale ;;z j x :j I:;gg x ”;;;1 >0,  W(g,t)€GxT
1 -1 Sg Tg—Sg +1 -1 e;— + eE Ug,t
Sg rg—8y —1 +1 eL Yg,t
ey 1 L gt ]
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Relaxation of Unit Constraints

* Linearized version of the cost equations:

Cgt = Qg 0gt + By Pgt +7g Tg,t + 7.3 (Tgt —ug) + 'Yé (Tgt—1 — Ug,t)

* Binary requirement can be captured through the “McCormick constraints”:

max{0,z,¢-1 + 25+ — 1} <wuge <min{a,; 1,2,:}

e 2 third-order Semidefinite (TSDP) inequalities:

Lgt Ugyt Yg,t Tgt—1 Ug,t Zg,t
Ugt Tgr-1 Pgi—1| =0, Ugt Tgt Dgt| =0, V(g,t) G xT
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* 24 linear inequalities:

_ e]_ T e
—pyg +1 e +el +e] Tgio1
+1 +Py —1 es —i—_l_elT1 —ﬁ_e]}s Ty
e o HIE gl |x|rzo. MenegxT
1 -1 Sg Tg—Sg +1 -1 el +el, Ug,t
Sg rg—sg —1 +1 €14 Yg.t
el Zg.t

Definition. Foreach g € G, define U;f SDP  RT*4 10 be the set of all quadruplets (X, ., Py.:, Ag.:»Cq.: ),

for which there exists (Uy.., ¥4, Zg.:,04..) € RTX4 such that for every t € T, the above constraints
hold true.
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+1 +Py —1 es —i—_l_elT1 —ﬁ_e]}s Ty
e o HIE gl |x|rzo. MenegxT
1 -1 Sy TFg=5 41 =1 el +el, Ug,t
Sg rg—sg —1 +1 €14 Yg,t
el Zg.t

Definition. Foreach g € G, define U;f SDP  RT*4 10 be the set of all quadruplets (X, ., Py.:, Ag.:»Cq.: ),

for which there exists (Uy.., ¥4, Zg.:,04..) € RTX4 such that for every t € T, the above constraints
hold true.
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Relaxation of Unit Constraints

+1

J 1 -1
It my > 2 =) e 1
—pg +1

+17"
-1
41
-1

T

1
Tg,t—2
Tgt—1

ZZ?gﬂg
Ugt—1
ug,t
Pg,t—1
Zg,t—1

L Yg.t |

hold true.

Definition. Foreach g € G, define U;r SDP  RT*4 10 be the set of all quadruplets (X, ., Py.:, Ag.:»Cq.: ),

for which there exists (Uy.., ¥4, Zg.:,04..) € RTX4 such that for every t € T, the above constraints
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Relaxation of Unit Constraints

- T - T

é] (1
&y Lg,t—2
+1 IR AN R I O
If 77?,¢ > 2 =) -l o TH | o X oot >0
g = +p, —1|7]+1 e Hot=1 | =
-pg +1| |1 ©s Uont
= e +eéf) Dg,t—1
el Zg,t—1
L el J L Yg,t |

* 4 additional inequalities can be designed in terms of the minimum up time constraints:

_ é]— T _wg,t_z—
e; + eg Ig,t—l
s +1 " e;Tr Ty
1 -1 é4 Ug,t—1
tmy, =22 = 9y 1 ®li S N P
—Dg +1 e;gr Pg,t—1
e7T Zg,t—l
L& | [ v |

r-r-—-——--—-=-=-=—-=-=-=—-—-=—-=—-=—-=-=—-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-==-==-==-==-==-======="=" 1
\ | Definition. For each g € G, define U;f SDP  RT*4 10 be the set of all quadruplets (X, ., Py.:, Ag.:»Cq.: ), :
| | for which there exists (W,.,¥y.,Zg.,0,4.) € RT*4, such that for every t € T, the above constraints !
; hold true. I

I
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Em e R e e e e e e e e e e e e e e = = = 4
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Relaxation of Network Constraints

AC Network Constraints:

d; + diag{ v;v; Y;} = C' (p; + iqy)

. = * *
|dlag{ct ViVy §t }| < fmax;t

2 : 2
Vimin S dlag{vtv:} S Vimax

|
i .
| |
! :
|
! :
! —
| lding{Covev Y1) < fuan :
I
|
! :
: |
|
I I
| |
| |
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Relaxation of Network Constraints

AC Network Constraints:

d; + diag{ vsv] Y;} = C' (p; + iqy)

: = * *
|dlag{ct ViVy §t }| < fmax;t

2 : 2
Vimin S dlag{vtv:} S Vimax

|
! !
| |
! :
|
! :
! —
| ldiag{Co vavi Y1} < fnon :
I
|
! :
: |
|
I I
| |
| |
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Relaxation of Network Constraints

AC Network Constraints:

d; + diag{ vsv] Y;} = C' (p; + iqy)

|diag{<(_3t A fo < frax;t =)

2 : 2
Vimin S dlag{vtv:} S Vimax

|
! |
| |
! |
|

I
|

|
' — A *
| Idiag{C ¥ Y7 < fa We Svev, :

I
|
| |
| |
| |
I I
| |
| |

Ramtin Madani, UT Arlington 11



Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
S . > * * !
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12max :
I
I
I
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

. . A
* The network constraints can be cast linearly w.r.t. W; = vyvy .
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

. . A
* The network constraints can be cast linearly w.r.t. W; = vyvy .

* Semidefinite programming (SDP) relaxation: W; = 0
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

 The network constraints can be cast linearly w.r.t. W; 2 v,v} .
* Semidefinite programming (SDP) relaxation: W; = 0

* Decomposed SDP: A collection of overlapping subsets A;, As,..., A4 CV are obtained
from a graph-theoretic analysis of the network:

Wide, Al =0,  Vke{l,2,..., A
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

 The network constraints can be cast linearly w.r.t. W; 2 v,v} .
* Semidefinite programming (SDP) relaxation: W; = 0

* Decomposed SDP: A collection of overlapping subsets A;, As,..., A4 CV are obtained
from a graph-theoretic analysis of the network:

W, [ Ak, Ar] = 0, Vk e {1,2,..., A}
* Second-order cone programming (SOCP):

th/ﬁ Wk17k2
Wiakr Wi ks
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

e SDP relaxation is computationally expensive while SOCP has poor performance:

SDP SOCP
Relaxation Relaxation
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

e SDP relaxation is computationally expensive while SOCP has poor performance:

SDP TSDP SOCP
Relaxation Relaxation Relaxation

* The proposed TSDP relaxation:

Wk1,k1 WklakQ szl,kg A
Wk%kl Wk2,k2 Wk2,k3 = 0, \V/(kla k27 k3) € U A X A x Ay,
Wiaker Wiako Wi ks k=1
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Relaxation of Network Constraints

I
: AC Network Constraints: Lifted Space: |
I
I
! d; + diag{ vevj Y;} = C' (p; + iqy) d; + diag{ W; Y;} = C"(p; +iqy) |
I
I
I
' — A * =
| ldiag{Cr ¥iVE Y7 < We S vavs ding{ Co Wi Y[} < fr |
. S~ * * . > * * 1
' (diag{C. ¥ivi Y7} < fra = diag{C W Y7} < fua .
I
I
I
I
! Vrznin S diag{vtv:} S Viax V12nin S dlag{wt} S V12rnax :
I
I
I

e SDP relaxation is computationally expensive while SOCP has poor performance:

SDP TSDP SOCP
Relaxation Relaxation Relaxation

* The proposed TSDP relaxation:

Wk1,k1 WklakQ szl,kg A
Wk%kl Wk2,k2 Wk2,k3 = 0, \V/(kla k27 k3) € U A X A x Ay,
Wiaker Wiako Wi ks k=1

* More scalable than SDP and more likely to result in a feasible solution compared to SOCP.
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Convex Relaxation

e Consider a problem with T time periods and G units:

G T
minimize E E Cqg,t

xapaq7c€RGXT g:]_ t=1
subject to (Xg.:,Pg.:»Ag.:, Cq.:) € U, Vg € G,
(p:,t7 q:,t) S Aft Vt € T,
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Convex Relaxation

e Consider a problem with T time periods and G units:

1

1

1

|

! G T

: minimize Z Z Cy.t

: x,p,q,c€RT g—1 t=1

1

: subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G,
1

: (p b q:,t) < Aft Vit € T,
:

1

Lo Third-order semidefinite relaxation:

; G

! mlmmlzeGXT Z Z Cg,t

; x,p,q,cER g=1t=1

: - TSDP

: SubJeCt tO (Xg,ijg,qug,Z7cg,:) E Z/{g \v/g E g?
' DP

: (p:,ta q:,t) € MTS Vt € T,
1

|

1
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Convex Relaxation

e Consider a problem with T time periods and G units:

1
1
1
|
! G T
: minimize Z Z Cy.t
: x,p,q,c€RT g—1 t=1
1
: subject to (Xg.:yPg.:»9g.:,Cq,:) €U, Vg € G,
1
: (p b q:,t) < Aft Vit € T,
:
1
Lo Third-order semidefinite relaxation:
; G
! mlmmlzeGXT Z Z Cg,t
; x,p,q,cER g=1t=1
' - TSDP
: SubJeCt tO (Xg,ijg,qug,Z7cg,:) E Z/{g \v/g E g?
|
P
| (P, q..¢) € NFPP Vie T,
1
|
1
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Conclusions

4-bus power network:

Joint UC-AC-OPF.

14
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Conclusions

e Third-order semidefinite relaxation:
- Joint UC-AC-OPF.

e Advantages:

«  Compatible with the AC model of networks,
« Massively scalable,
+ Near-globally optimal feasible points.

Ramtin Madani, UT Arlington 14



Conclusions

e Third-order semidefinite relaxation:
- Joint UC-AC-OPF.

e Advantages:

«  Compatible with the AC model of networks,
« Massively scalable,
+ Near-globally optimal feasible points.

e Future directions:

« Incorporation of uncertainties and security
consideration,

- Implementation on GPU: Linear algebra on
3 x 3 matrices has closed-form solutions.
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