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Binary decisions!
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Nonlinearities and non-convexities!
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The Unit Commitment (UC) problem consists of

determining, for a planning horizon (typically 1 day), the hourly start-
up and shut-down schedule of all production units

SO that the electric demand is supplied and

total operating costs are minimized,

while  satistying  different technical and security constraints

(network and production units).



Objective function (cost)

minimize
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Start-up and shut-down logic, ramping
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Power bufier
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Reactive power bounds
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Minimum up time

L;
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Minimum down time

quj(t) =0; Vjegugs (21)
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Weather-dependent units
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Reserve
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Power balance
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Transmission and voltage bounds
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Non-convexities

Nonlinear and non-convex!

Con(t) = (1) + f2(t); VneN,VteT (31)
Com(t) = e (t)en () + fn(t) fr(t); VneN,VmeA, VteT (32)
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Unserved energy

4/20/2021
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1. Why?
2. A three-step solution approach
3. Benders (if needed)

4. Two case studies
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Why?

—> Increasing integration of weather-dependent renewable power.

— Increasing demand (electric vehicles, data centers).

Reactive power / voltage constraints may alter commitment decisions.

1
pnm() — UiyanCOS (Qan) — UnvmyanCOS(én_am_gan) + §’Uiysnm008 (QSnm)
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A three-step approach:
1. Linear NCUC (CPLEX, GUROBI)

2. Second order conic NCUC (CPLEX, GUROBI) O
3. Convex OPF (MOSEK) O

21



1. Solve a mixed-integer linear DC-NCUC and get (i) an initial solu-
tion and (ii) the set of potentially congested transmission lines.

2. Solve a mixed-integer second-order  conic relaxation of the
AC-NCUC wusing as initial solution the solution in 1 and an
active set strategy on transmission line constraints (bounds).

3. Fixing the commitment decisions to those in 2, solve a sequence of
continuous convex problems to ensure AC feasibility:.
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ein feorve(z, y)
s.t. h(xz,y) =0
g(x,y) <0

Large-scale

Nonlinear and nonconvex

Binary decisions
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z° y']
Potentially congested lines
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Checking AC feasibility

3 min fCONVEX (33, yc)
é xcR”

s.t. h(x, 0

g 0

Y°) =
(z,y°) <

ﬂ Reformulate

min fCONVEX (CC)
xcR"

S.t. uCONVEX(w) L UCONVEX(CL,) < 0

ﬂ Convexity
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Checking
AC feasibility e
Power balance
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JEAS ieAD meh,

|| Lift!
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Checking AC feasibility 3

Cnn = 6727, + frz;,
Cnm = €m€n T fmfn
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1. Linear NCUC

: 2. Second order conic NCUC O

3. Convex OPF @

eiin T, )
s.t. h*“(x,y) =0

QIS:{(]:)(];UCED(CU7 y) § O

Too much?
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Benders

mengl,géw ! (,y)
s.t. h**“(x,y) =0
g;%(];UCED(wj y) S 0
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Commitment 1 Benders’ cuts
decisions, y" Network information
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Benders

Trick: Include “physical” cuts in the master problem!

min c'lzy y 7
x1 B ycB™ neR

s.t. Alxy y n|=0>
Commitment 1 Benders’ cuts

decisions, y* Network information
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Benders’ approach

min

B

c' 1 y 1

x1€ER™ yeB™ nek

S.t.

Alx, y nl=b -

—> Unit-related constraints

Commitment
decisions, y

Benders’ cuts
Network information

min
xcRn”
S.t.

fCONVEX(a;.? yk)
h*°(z,y*) =0

Can we make the
network-aware”?

gSR(;CDUCED(m7 yk) § O
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Adding “physical” cuts

For each node

e More expensive master problem U’

S p-Y D=y [Gnmcm(t) — Bumnm(t) — Gnmcnn(t)]
e Scalable and linear JENT ieAy meAn

> )= Y Q)= X |~ Cumsum(®) = Buuntum(®) + Bum — b )eun (1)
e Does not cut feasible solutions jeng i€AD mEAn

V2 <ennl(t) <V

2000 x 4 x 24 = 192,000 constraints!

e [.ess iterations For each line

e Better convergence

Cnm (t) = Cmn (t)
Snm(t) = —Smn(t)
Comn (1)

3206 x 4 x 24 = 307,776 constraints!
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ij(t) - ZD%(t) > Z Gnncnn(t)

JEG €D neN

opper plate relaxation
Copper plate | = Y 00-Y002 Y B = 3 B en(t) + crn(t)
4 x 24 = 96 linear constraints! jeg icD nen (nmyec
V2 <) <V,
: T
min c' T2 y 1
zr2€R™2 yeB nekR
S.1. Alxy y n] =b — Unit-related constraints
Gz, <0 > Network-aware constraints
Commitment Benders’ cuts
decisions, y"* Network information
' C. Coffrin, H. Hijazi, and P. van Hentenryck, “Network Flow and Copper Plate

Relaxations for AC Transmission Systems,” https://arxiv.org/abs/1506.05202
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Summary

1. Good initial solution: Mixed-integer linear NCUC
2. Commitment solution: Mixed-integer second order conic NCUC O

3. AC feasibility: Continuous convex OPF O
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Case Studies
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Illinois 200-bus 49-generator 245-line system

https://electricgrids.engr.tamu.edu/electric-grid-test-cases/activsg200/
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Data

e Entirely synthetic

— Based on real data

— Preserves statistical properties

e 49 generating units

— 1 nuclear (15% installed capacity)
— 6 wind (15% installed capacity)
— 42 thermal (70% installed capacity)

— 33 units with commitment (binary) variables

e 245 transmission lines

4/20/2021 39



Results

Model Solver Loading 4 Start ups! Generation | Objective | Time*
level (MW) ($) (s)
Low 0 29344.51 482444.82 | 15.38
Mixed-integer
" CPLEX | Medium 0 39126.02 | 484188.40 | 25.39
inear
High 6 48907.52 | 509953.48 | 23.65
Low 0 29889.96 | 482472.70 | 236.14
Mixed-integer
- | CPLEX | Medium 0 39428.27 | 484247.05 | 313.66
second-order conic
High 7 49396.99 | 512111.75 | 977.09
. Low - 29528.43 | 482473.35 | 407.83
Continuous
Mosek | Medium - 39432.99 | 484248.75 | 434.29
second-order conic .
High - 49360.09 | 512142.89 | 750.66

INumber of units that start up/shutdown in the planning horizon.

*Windows-based laptop with a processor Intel Core i7 2.60 GHz and 16 GB of RAM.

4/20/2021
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Results
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Texas 2000-bus 544-unit 3206-line system

the actual grid. It was doveloped as part of the US ARPA-E

Voltage

1.06 p.u.

AB, Birchfield, T. Xu, KM. Gegner, K.5. Shetye, and
T.J. Overbye, “Grid Structural Characteristics as
Vakdation Criteria for Synthetic Networks,™ in IEEE
Transactions on Power Systems, vol 32, no. 4, pp.

3258-3265, July 2017,

-1.00 p.u.

=
—
v

0.94 p.u.

Transient Stability Time (Sec): 0.000

https://my.syncplicity.com/share/wubzq34byp7h2g4/ACTIVSg2000
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Data

e Entirely synthetic

e 544 generating units

— 39 coal units - 15.06% of total installed capacity
— 367 gas units - 66.27% of total installed capacity

— 25 run-of-the-river hydro units - 2.70% of total in- : 369 units with

stalled capacity commitment variables!
— 87 wind units - 9.96% of total installed capacity
— 22 solar units - 0.68% of total installed capacity

— 4 nuclear units - 5.34% of total installed capacity

e 3206 transmission lines
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Benders’ bounds

Lower bound —— Upper bound
6 6

g4 M 9.4 10
» 93] Good &» 93 } Bad
+ communication + communication
Q Q
O 9.2 f | O 921

9.1 — ' ' - 9.1

2 4 §) 8 10 10 20 30
Iteration Iteration
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Computing time

4000 |

— 3000 {
n

Time (

1000 |
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Proposed Benders’

Original Benders’

2000 |

10 20 30
Iteration
Master problem

1T

Time (s

8000

6000 |

4000 ¢

2000 |

10 20 30
Iteration
Benders’ algorithm

> 60%

improvement!
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Feasibility step

1 §]
10.5 S~V | l l l
Convexified continuous AC-NCUC
——— Mixed-integer second-order AC-NCUC
— 10 r .
*
-
N
o
-,
9.9 i
| L | | | | | |
10 20 30 40 510 60 70
Iterations
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Thank you!
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