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OPTIMAL POWER FLOW

= Least-costly dispatch s@
= Supply electricity net demand » Fﬁ
= Technical limits: E%E

= Production §

= Network equipment

mm Z €9Pg = QOperating cost
g€eg
CY pg= ) dn = System’s balance
geg neN
P, <Py <Dy VgEG = Power output dispatch limits
—g

~ 7, <> B (Zpg —d ) <f, VliecrL = Line-flow capacity
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OPTIMAL POWER FLOW under UNCERTAINTY
o
(

@

Uncertainty in @
electricity demand and renewable energy generation

= Uncertain netdemand: d,, + w,

= Reserve deployment: pg + 7¢(w)

= To counterbalance error: Y rg(w) = Y wp =9
geyg neN

= To anticipate downward and upward reserve capacity: —rd <rg(w) <7
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Two-stage Framework (TS)

min E CgPyg —|—cgr —|—cg
U gd
pg:rg 77'g:7"g(w) geg
s.t. E Py = E dn
geg neN

p ATl <py <P, i, VgEQ = First-stage constraints

Tg,’r:; >0, Vgeg

ng(w): anzﬂ

geg neN

—ry Sro(w) <1, Vgeg = Second-stage constraints
_fESZBlﬂ(Z(pg+Tg )_d —wn)éﬁ, Vie L

neN geG

Pg; T;, 7“3 — first-stage variables
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How does it work?
Real-time Operation

Uncertainty Realization w Action
TS Pyg Ty
Framework d u Reserve deployment Manual
7“ Optimization Problem Adjustment

Satisfying technical constraints 4/ \
Manual reserve

Computationally demanding!!!

Unrealistic
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Real-time Operation

Spectrum of Uncertainty Realizations

unrealistic Manual

2% &

¢

’9//

e

Automatic Generation Control - AGC

*ﬁtw.
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Affine Control Policy (AGC)

: u_U d_.d
mmn E CgPg +CyqTy 1+ CgTy

u
Pg ”Bg gy

geg
st Sopy= Y dn
geg neN
p, +rg <Py <Py —1y, V9EG = Reserve deployment follows an
rl i >0, Ygeg affine control policy (AGC):
rg(w) =By Y wn = B,
ZBQ =1 neN
geg
—rd < B,Q< Y, Vgeg = AGC counterbalances forecast
B B errors:
—ftﬁzBln Z(PQJFBQQ)_dn_w” ng, vie L j :
geg

d .
Py By, 7“3, r, — first-stage variables
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How does it work?
Real-time Operation

Uncertainty Realization w Action

Reserve deployment /89 Automatic
Application of AGC policy Adjustment

Satisfying technical constraints 4/ \
Automatic reserve

Conservative approach!!!

Linear decision rule replacing second-stage variables

AGC
Framework

IFOR52023

ofO
July 10-14 - SANTIAGO, CHILE




Real-time Operation

Spectrum of Uncertainty Realizations

unrealistic
conservative Automatic

Why does SO have to meet technical constraints

in low-probability and high-impact events?
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Real-time Operation

Spectrum of Uncertainty Realizations

conservative Automatic

unrealistic

Chance-constrained
Programming

Automatlc

Technical constraints are not satisfied for this range of uncertainty realizations
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Chance-constrained Program (AGC+CCQC)

d d
mln E :cgpg + Cng T CgTyg
Pg, 'J"u T'g(w)

geg

D _Ps =) dn
geG neN

d — u
p,try <pg<P,—Ty, VGEG

d Vg € G

u
r"‘ﬂg'ﬂr‘r’g 2 07

Zﬁgzl

—rd < B <Y, VgeG

Pl -7, < ZBM (Z(pg + B4)

geg

d .
Pg, Bg, Ty, Ty — first-stage variables

dn—wn) <f,, VliecL

constraints are
satisfied with a given (high)
probability.

Technical

Solutions more economical,
since extreme events are
discarded.
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How does it work?

Real-time Operation

AGC+CC
Framework

Reserve deployment Aqtomatic
Application of AGC policy Adjustment

Costly scenarios are discarded

power systems

o~
Critical nature of
/) Y%
T

The system is left vulnerable
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Real-time Operation

Spectrum of Uncertainty Realizations

l_l_\

unrealistic

conservative Automatic
vulnerability Automatic [ ] in-between
solution

3 . 2
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Integration of automatic and manual =

{

!

3

(
(.
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Integrating Automatic and Manual (AGC+M)

= Reserve deployments are combinations of AGC and manual adjustments:

ro(w) = B+ M (w) Y rw) =0
geyg

= Guaranteeing robust feasibility.

—rggﬁgﬂ+r§4(w)§rg, Vgeg

T <Y B [ Y g+ B+ M (W) —dn —wn | Ty, VIEL
neN geg

= Most of the time the operation is automatic except in extreme, unlikely events. Manual
reserve is computationally expensive. Thus, its probability of occurrence is limited.

P(rM(w)=0, VYgeG)>1—c¢
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Integrating Automatic and Manual (AGC+M)

d d
IIllIl E :Cgpg + Cng + CqTyg
pg Tu ""g(w) gEg
D pg= ) dn
g€eg neN

d — u
p,t7g <SPy <Py, —Tg, VGEG
re,re >0, VYg€EG

Zﬁgzl, ZTM =0

9€g 99
— 75 <BQ+ry(w) <1y, VgEG
-1 < Z Bin (Z(pg + Byl + 1y (w)) — dn _Wn) <f, VlieL

neN geyg
P(r) (w) =0, Vgeg)>1—c¢

Pgs Bgs Ty s rg — first-stage variables

M :
ry (w) — second-stage variables
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How does it work?

Real-time Operation

Reserve deployment

X

Reserve deployment m
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Evaluation Procedure

Real-time Operation

Reserve deployment

X

AGC
AGC+CC

m Reserve deployment m
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Numerical Experiments

= |EEE-118 bus system. . 5(7
= Real-time operation over 100.000 scenarios. € = 0

=  Different metrics are evaluated.:

= The number of scenarios where AGC is sufficient to handle the forecast errors ‘SA|
satisfying technical constraints.

= The number of scenarios where manual adjustments are required to meet \S ‘
technical constraints. M

= The number of scenarios where AGC and manual reserve are not enough to S
offset the power imbalances whilst satisfying technical constraints. ‘ 1 |

= Expected operating cost E[C] (k€)

Sa SMm S1 E[C] (k€)
AGC 99.56% 0.16%  0.28% 73.65
AGC+CC  94.12% 0.17% 5.71% 53.04

AGC+M  9430% 541% 029%  60.15 FORS2023
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Numerical Experiments

Risk (MW)

100+

N
-

* AGC
wx AGCH+CC
e AGC+M

50

%@ @0 * X A x x  xx
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Cost (k€)
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ADVANCED ANALYTICS FOR A BETTER WORLD

Thanks!
Any question?
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