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Hydro Unit Commitment Problem

Why Hydraulic Energy ?

"More than 95% of Norwegian production
comes from hydro plants."

Stein-Erik Fleten et Stein W Wallace. “Delta-hedging a
hydropower plant using stochastic programming”. |n : Optimization
in the energy industry. 2009
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Hydro Unit Commitment Problem

Hydro Valleys

@ Reservoirs : natural/artificial
water basins,

@ Turbines : produce power by
using the water’s potential
energy,

@ Pumps : transfer water back to
the reservoir by using some
power.
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Hydro Unit Commitment Problem

Short-term Hydro Unit Commitment Problem

Find an optimal short-term

scheduling of several plants with
multi-unit-pump-storage hydro power

station.
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Hydro Unit Commitment Problem

More Precisely ! !

At each time period t :

© For each reservoir : water
volume vy,
© For each unit (turbine/pump) :

o Startup/shutdown, on/off
status,

o Water flow gj; (pump :
gjr < 0, turbine : gjz > 0, not
operating : gjz = 0),

o Power generated or consumed
pje (pump : pjr < 0, turbine :
pj: > 0, not operating :
pjit = 0).

power p;

planti flow a;
water '

volume v,

Thank you for the figure Youcef :)

external
inflow E_

power p,;,
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Hydro Unit Commitment Problem
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Hydro Unit Commitment Problem

Assumptions

@ Hydro units (turbines,pumps),
@ Short-term : a day, a week,
@ Deterministic : forecast inflows,

@ Price-taker : forecast electricity prices.
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Hydro Unit Commitment Problem

Assumptions

o
o
o
4

Hydro units (turbines,pumps),
Short-term : a day, a week,
Deterministic : forecast inflows,

Price-taker : forecast electricity prices.

Narayana Prasad Padhy. “Unit commitment-a bibliographical survey”. In :
Power Systems, IEEE Transactions on 19.2 (2004)

Amit Bhardwaj, Navpreet Singh Tung et Vikram Kamboj. “Unit Commitment
in Power System : A Review". In : International Journal of Electrical and Power
Engineering 6.1 (2012)
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Hydro Unit Commitment Problem

Objective

@ Max profit
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Hydro Unit Commitment Problem

Objective

Max profit

Min water consumption

Min number/cost of start-ups and shut-downs of generating
units

Min hydro-logic alteration/damage by inundation
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Hydro Unit Commitment Problem

Objective

@ Max profit
@ Min water consumption

@ Min number/cost of start-ups and shut-downs of generating
units

@ Min hydro-logic alteration/damage by inundation

* John W Labadie. “Optimal operation of multireservoir systems :
State-of-the-art review”. In : Journal of water resources planning and
management 130.2 (2004)

Short-term Hydro Unit Commitment Problem 12



Hydro Unit Commitment Problem

Objective

@ Max profit
@ Min water consumption

@ Min number/cost of start-ups and shut-downs of generating
units

@ Min hydro-logic alteration/damage by inundation

* John W Labadie. “Optimal operation of multireservoir systems :
State-of-the-art review”. In : Journal of water resources planning and
management 130.2 (2004)

* R. Dittmann et al. “Optimum multi-objective reservoir operation with
empbhasis on flood control and ecology”. In : Natural Hazards & Earth System
Sciences 9.6 (2009)

* Glauber R Colnago et Paulo B Correia. “Multiobjective dispatch of
hydrogenerating units using a two-step genetic algorithm method”. In :
Evolutionary Computation, 2009. CEC’'09. IEEE Congress on. IEEE. 2009
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Hydro Unit Commitment Problem

Constraints

© Physical Constraints : typically hard constraints
@ Water flow balance equations
@ Forbid of simultaneous pump and turbine mode

@ Minimum number of periods to be spent in a status by the unit

o Respect allowed operational points
@ Spinning reserves
@ spillage
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Hydro Unit Commitment Problem

Constraints

© Strategic Constraints : typically soft constraints

@ lIrrigation requirement, Ecological flows, Water rights

©

Load balance equations constraints
o Minimum release of water per period

o Final reservoir level
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Hydro Unit Commitment Problem

Challenges

(4]

Large-scale problem

Should be solved in short amount of time

@ Combinatorial aspects

Non-linearities

(4]

Multiple (conflicting) objectives

Non-feasibility of some instances
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Hydro Unit Commitment Problem

© Non-linearity : where?

@ Focus on MINLP with non-linear objective function and linear

constraints.

@ The power production : a highly non-linear function of the
water flow and either the water level or (equivalently) the
water volume in the reservoir.

pit = ©(Gjt, vt) vVjeldteT
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Hydro Unit Commitment Problem

© Non-linearity : where?

@ Focus on MINLP with non-linear objective function and linear
constraints.

@ The power production : a highly non-linear function of the
water flow and either the water level or (equivalently) the
water volume in the reservoir.

pit = ©(Gjt, vt) vVjeldteT

© Why?
Accurate description of the hydropower plants characteristics,
head variation effects on the output power
— more realistic and feasible results
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Hydro Unit Commitment Problem

*

JPS Cataldo et al. “Parameterisation effect on the behaviour of a
head-dependent hydro chain using a nonlinear model”. In : Electric Power
Systems Research 76.6 (2006)

JPS Cataldo et al. “Nonlinear optimization method for short-term hydro
scheduling considering head-dependency”. |n : European Transactions on
Electrical Power 20.2 (2010)

JPS Cataldo, HMI Pousinho et VMF Mendes. “Hydro energy systems
management in Portugal : Profit-based evaluation of a mixed-integer nonlinear
approach”. In : Energy 36.1 (2011)
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JPS Cataldo et al. “Parameterisation effect on the behaviour of a
head-dependent hydro chain using a nonlinear model”. In : Electric Power
Systems Research 76.6 (2006)
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JPS Cataldo, HMI Pousinho et VMF Mendes. “Hydro energy systems
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approach”. In : Energy 36.1 (2011)

Flavier Diaz et al. “Optimal scheduling of a price-taker cascaded reservoir
system in a pool-based electricity market”. In : Power Systems, |[EEE
Transactions on 26.2 (2011)

J Shu et al. “Self-scheduling of cascaded hydropower stations based on
Nonlinear Complementarity approach”. |n : Power System Technology
(POWERCON), 2010 International Conference on. IEEE. 2010
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Hydro Unit Commitment Problem

© Linearity : why?
o MILP solvers more efficient than MINLP ones and handle

large-scale instances
@ Trying to get rid of the non-linear functions — "linearize" and

use MILP solvers
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Hydro Unit Commitment Problem

© Linearity : why?
o MILP solvers more efficient than MINLP ones and handle

large-scale instances
@ Trying to get rid of the non-linear functions — "linearize" and

use MILP solvers

© How?

o Piecewise linear approximation (easily applied for univariate
functions)

@ Functions of 2 variables (fix one of the variables)

@ Triangulation
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Hydro Unit Commitment Problem

* CW Chang et JG Waight. “A mixed integer linear programming based hydro
unit commitment”. In : Power Engineering Society Summer Meeting, 1999.
IEEE. T. 2. IEEE. 1999

* Antonio J Conejo et al. “Self-scheduling of a hydro producer in a pool-based
electricity market”. In : Power Systems, IEEE Transactions on 17.4 (2002)
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Single Reservoir HUC Problem
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© Single Reservoir HUC Problem
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Single Reservoir HUC Problem

Single Reservoir HUC Problem (Borghetti et al., '08)

Q Sets
o T ={1,...,t} = set of time periods
o J={1,...,7} = set of turbine/pump units
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Single Reservoir HUC Problem

Single Reservoir HUC Problem (Borghetti et al., '08)

O Sets
o T ={1,...,t} = set of time periods
o J={1,...,7} = set of turbine/pump units
© Variables
o gj; : water flow in unit j in period t (j € J,t € T)
e pjr - power generated or consumed by unit j in period t
(jed,teT)
@ v; : water volume in the basin in period t (t € T)
o s; : spillage in period t (t € T)
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Single Reservoir HUC Problem (Borghetti et al., '08)

O Sets
o T ={1,...,t} = set of time periods
o J={1,...,7} = set of turbine/pump units
© Variables
o gj; : water flow in unit j in period t (j € J,t € T)
e pjr - power generated or consumed by unit j in period t
(jed,teT)
@ v; : water volume in the basin in period t (t € T)
o s; : spillage in period t (t € T)
Plus
@ Binary variables for Startups/Shutdowns and pump/turbine
status
@ Other variables for linearization
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Single Reservoir HUC Problem

Single Reservoir HUC Problem (Borghetti et al., '08)

O Sets
o T ={1,...,t} = set of time periods
o J={1,...,7} = set of turbine/pump units
© Variables
o gj; : water flow in unit j in period t (j € J,t € T)
e pjr - power generated or consumed by unit j in period t
(jed,teT)
@ v; : water volume in the basin in period t (t € T)
o s; : spillage in period t (t € T)
Plus
@ Binary variables for Startups/Shutdowns and pump/turbine
status
@ Other variables for linearization

© Objective : Power selling - Turbine/Pump startup cost

max > > (B¢ e pie—G e —(0; + NeE))je )
jeJ teT
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Single Reservoir HUC Problem

Turbine/Pump possible status

For each period t, we have the three possible cases that can occur

relative to turbine/pump unit j :

@ if unit j is generating power — gjz > 0 and pj; > 0;
@ if unit j is pumping water — gj; < 0 and pjr < 0;

@ if unit j is not operating — gj; = 0 and p;; = 0.
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Single Reservoir HUC Problem

Reservoirs’ constraints = Global constraints

© Bounds
V<w <V, 0<s<S Vte T
@ Final reservoir level
vi—Ve20
© Water volume conservation
ve = ve—1 + 3600 At (I — qjt — St) Vte T
JjeJ
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Single Reservoir HUC Problem

Reservoirs’ constraints = Global constraints

© Bounds

V<w <V, 0<s<S Vte T
@ Final reservoir level

vi—Ve20
© Water volume conservation
ve = ve—1 + 3600 At (I — qjt — St) Vte T
JjeJ

© Spillage

st— > (W Wi + Yjyje) =0 Vie T

jed
qut+5t—Q20 Vte T
jed
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Single Reservoir HUC Problem

Units’ constraints = Local constraints

© Bounds
Q <qr<Q;, P <pe<Pj ViedteT
Q Lower and Upper bounds on turbines flows
qie — (Q uje + Q; gie) >0, qje — (@ uje + Qj g) <O VjeJteT
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Single Reservoir HUC Problem

Units’ constraints = Local constraints

© Bounds
Q <qr<Q;, P <pe<Pj ViedteT
Q Lower and Upper bounds on turbines flows
qie — (Q uje + Q; gie) >0, qje — (@ uje + Qj g) <O VjeJteT

@ Ramp-up/down
> ies (e = Gie-1) FAQT >0, 3ic (qje — Gje—1)) —AQT <0 Vte T
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Single Reservoir HUC Problem

Units’ constraints = Local constraints

© Bounds
Q <q<Q, P <pp<Pj viediteT
Q Lower and Upper bounds on turbines flows

gie — (Q uie + Q; ge) >0, qie — (Q; uje + Q; gx) <O VjeJteT

@ Ramp-up/down
Zjej(qu_qj(tfl))+AQ7 >0, Zje_j(qjt_ qj(tfl))_AQJr <0 vteT
(it — Gje—1)) + AQ™ >0, (gjt — Gj(e—1)) —AQT <0 VjeJ,teT

flow q,

Quoz

Ulme

t-2 {1+ _periods t

t-1 1‘ 41
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Single Reservoir HUC Problem

Units’ constraints = Local constraints

© Switch-on/switch-off for turbines and pumps
8t —&j(t—1) — (Wit —wje) =0, wWjr+w; <1 vjelditeT

Ujr — Ujie—1) — Vit = Yje) =0,  Yir+yje <1 vjed,teT
© Turbines and pumps status

gt T ue < 1Vj, ke JteT,

Jjed
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Graph Modeling and DW-decomposition

Outline

9 Graph Modeling and DW-decomposition
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Graph Modeling and DW-decomposition

In the literature

@ Long and mid-term hydro-thermal Unit Commitment Problem,

* JC Enamorado, A Ramos et T Gémez. “Multi-area decentralized optimal
hydro-thermal coordination by the Dantzig-Wolfe decomposition method”. In : Power
Engineering Society Summer Meeting, 2000. IEEE. T. 4. IEEE. 2000

* Yong Fu, Mohammad Shahidehpour et Zuyi Li. “Long-term security-constrained unit
commitment : hybrid Dantzig-Wolfe decomposition and subgradient approach”. In :
Power Systems, IEEE Transactions on 20.4 (2005)

@ Long-term nuclear-thermal Unit Commitment Problem
(ROADEF/EURO 2010 Challenge)

* Antoine Rozenknop et al. “Solving the electricity production planning problem by a
column generation based heuristic”. In : Journal of Scheduling 16.6 (2013)
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Graph Modeling and DW-decomposition

A simplified version !

@ Neglect the spillage-related parameters, variables and

constraints,
@ Do not consider the head effect,

@ Relax the target volume constraint and put it as a penalty in

the cost function.
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Graph Modeling and DW-decomposition

Operational points of a unit j

@ For each unit j, suppose given a set of operational points J,

@ With each operational point are associated possible values of

generated or consumed power p; (water flow g;),

@ Denote pj’: (qj’) i € J these values.
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

v
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

pjt/qjt“

v
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

pjt/qjt“

p*/q*
©
3 P
5
5
z

P’/a
E pl/qt

> t
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

Pjt/qjt“

p*/a* o o0 0 O 0 0 O
%p’/q’ o IEFREE @ IREEN @ SELEEF  SEEEEN o SEEPRN @ SEERRE o

el o000 0 0 0 0O 0O
I
o, » [

Graph nodes N; : possible operational points
j
© Bounds . _
jSgqjtSQj7 PjigpjtSPj7 VJEJ,tET

©Q Lower and Upper bounds on turbines flows .
Gje — (@7 uje + Q; &) > 0, Gje — (Q; wje + Q; ) <O VjedteT
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

Pjt / djtg
p*/q*

|

, turbine
T
w
~
a

pump
T
-
S~
Q

Graph arcs A; : possible operating status changing
@ Ramp-up/down
(qjl’ - qj(tfl)) +AQ™ >0, (qjl’ - qj(tfl)) —AQT <0 VjelteT
© Switch-on/switch-off for turbines and pumps
gjt_gj(tfl)_(ﬁ/jt_wjt):()v '7Vjt+th§1 Vjed,teT
uip — Uje—1) — Vje —¥it) =0, Yjie +yip <1 vjelteT
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

pjt/qjt“
p*/q*
3 P
5
ped
”’;Z/;Z ””” o
E pl/qt
o w b
»
0 1 2 t/ t'+1 T T+1

Graph arcs A; : possible operating status changing
@ fictive node for period T + 1 and fictive arcs,

@ To each arc a € Aj are associated two values :

@ a cost ¢, corresponding to start-up/shut-down costs minus power selling,
@ a penalty w, representing water consumption,
@ for fictive arcs ca = w, = 0.
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Graph Modeling and DW-decomposition

Gj = (N;, Aj) : a directed graph associated with unit j

Pjt / djtg
p*/q*

|

, turbine
T
w
~
a

@ A path @ from 0 to T + 1 is the sequence of possible status of unit j
— A possible production plan for unit j

@ Denote by I}, € J the set of the possible paths for unit j
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Graph Modeling and DW-decomposition

Parameters for a unit j

[+ bjm(nt),(w c I'Ij,nt S Nj)jej

1 ifw € IN; passes through n;
0 otherwise,

b(n;) = {
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Graph Modeling and DW-decomposition

Parameters for a unit j

[+ bjm(nt),(w c I'Ij,nt S Nj)jej

1 ifw € N; passes through n;
0 otherwise,

b(n;) = {

@ q(n;) the flow associated with node n; € N}, j € J.

> 0 if unitis operating as a turbine at period t
g(n:) =< <0 if unitjis operating as a pump at period t
0 if unit jis not operating at period t.
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Graph Modeling and DW-decomposition

Variables for a unit j

Path Variables

v — 1 ifm € I;is selected as a plan production for unit j
T 1 0 otherwise
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Graph l\/lodellng and DW- decomposltlon

Variables for a unit j

Pat iables

v — 1 ifm € I;is selected as a plan production for unit j
T 1 0 otherwise

v

Relation with previous variables

@ Flow variables (continuous)

gje = Zwel'lj g\/ b(ne)q(ne)xj ~ VijelJ,teT
ne €Ny

@ Turbine status (binary)
gjtzzwen 2 X VjelteT

"eE lje:
q(ne)>0

@ Pump status (binary)
”jt:Znen > Xjx Vjed,teT
ne€N e
q(mg)<0
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Graph Modeling and DW-decomposition

Path-based formulation

min Z Z CxXj &

jeJ-rreI'Il-
D oxja=1 vji€J
nen;
ve —ve_g =3600At(e — > > S~ b(ne)a(ne)xj ) vee T

Jj€ImeEN; ng N,

S>3 > xa<a-1 vte T

JEJ TEN; neENGy:

b(n)=—1
=2 > > bn)alne)xj .+ > >, > b(ne—1)q(ne—1)xx < AQT Ve T
JEJmEN; ne NGy JEJmEN; mp_g €
Nje—1)
S0 3 bmalne)xs — >0 3 > b(me_a)alne—1)j . S AQT Vee T
jed wEI‘II- n,emj(‘) jeJ‘rrel'Ij I:[l,,,_e
j(t—1)
0< xj <1, x,€{01} Vr ey, jed
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Graph Modeling and DW-decomposition

Path-based formulation

min Z Z CxXj &

j€Jmen;
D oxja=1 vjeJ (3.1)
7r€|'lj
ve —ve_1 =3600At(le — > > > b(ne)q(ne)xj ) vte T (3.2)

Jj€ImeEN; ng N,

S>3 > xa<a-1 vee T (3:3)

JEJ TEN; neENGy:

b(n)=—1
=300 > blmalne)xg e+ > D blne—1)a(ne_1)xx <AQT Vte T (3.4)
JEI mEN; neENjy jeJmen; ng_y€
Ni(e—1)
D000 X beealmxe =30 >0 30 b(me_a)a(me_i)y . S AQT Vee T (35)
jed wEI‘II- n,emj(‘) jeJ‘rrel'Ij I:[l,,,_e
j(t—1)
0< xj <1, x,€{01} Vr ey, jed (3.6)
e Turbines and pumps status
gjt +up, <1Vj,ke€J,teT, vee T.
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Graph Modeling and DW-decomposition

Initial columns

o M| #0,¥j € J
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Initial columns

o M| #0,VjeJ
@ Shortest Path Problem in graph Gj,j € J with different values

for the penalty associated to water consumption,
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Graph Modeling and DW-decomposition

Initial columns

o M| #0,VjeJ
@ Shortest Path Problem in graph Gj,j € J with different values

for the penalty associated to water consumption,

@ Bi-objective Shortest Path Problem in graph G;,j € J.
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Graph Modeling and DW-decomposition

Dual variables

min E E [

jcd men;
S oxa=1 vj€eJ v (37)
wel'lj
ve — ve—1 =3600At(le — > > > b(ne)q(ne)xj ) vee T ar  (3.8)

Jj€JmeEN; ne e Ny,

S>> Z»xi‘ﬂgﬁ—l vte T Be  (3.9)

J€ImEN; neeN;,

b(n)=—1
=33 > bnalne) .+ >, >, bme—1)a(ne—1)xx <AQT Ve T pe (3.10)
Jj€d men; e Ny, jedmen; n,_le
Nj(e—1)
D200 > balnexx — > 30 > b(ne—1)a(ne—1)xj,x S AQT VieT Se (3.11)
JjEJTEN; mpeEN; JjEJmEN; me_g €
i i(t) o
J(t—1)
0<x,<1, x,€{0,1} vreNy,jed (3.12)
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Graph Modeling and DW-decomposition

Pricing problem for unit j € J

7" = argmingen, Cx
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Graph Modeling and DW-decomposition

Pricing problem for unit j € J

7" = argmingen, Cx

Cr=Cr—— > _(—3600Acc¢ > b(ne)g(ne) + B > 1)

t ne Ng:
b(n)=—1

=3 6 —ue)( > blne)a(ne) = > b(me—1)a(me-1)),

t nteNj(,) gt(fle)
j(t—1
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Graph Modeling and DW-decomposition

Pricing problem for unit j € J

7" = argmingen, Cx

Cr=Cr—— > _(—3600Acc¢ > b(ne)g(ne) + B > 1)

t ne ne:
b(n)=—1
- Z(5t - ,Ut Z b ”t ”t) - Z b("t—l)‘?("t—l))>
t ntEN (t) ng_1€
Nj(e-1)

and such that

"gittue <1,V ke teT"
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Graph Modeling and DW-decomposition

First step : A shortest path for columns’ generation

@ Consider an arc a = (i, k) € A;j characterized by t, b(i), b(k),
where i € Ni_1, k € N,
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Graph Modeling and DW-decomposition

First step : A shortest path for columns’ generation

@ Consider an arc a = (i, k) € A;j characterized by t, b(i), b(k),
where i € Ni_1, k € N,
@ To the weight c, associated with this arc, we add the following

values

+q(i)(Je — pie)

+ —sign(q(k))(é—sign(q(k))) B
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Graph Modeling and DW-decomposition

First step : A shortest path for columns’ generation

@ Consider an arc a = (i, k) € A;j characterized by t, b(i), b(k),
where i € Ni_1, k € N,
@ To the weight c, associated with this arc, we add the following

values

+q(i)(Je — pie)

+ —sign(q(k))(é—sign(q(k))) B

@ Solve a Shortest Path Problem in G; using Bellman-Ford (as
the new weights may be negative),
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Graph Modeling and DW-decomposition

First step : A shortest path for columns’ generation

@ Consider an arc a = (i, k) € A;j characterized by t, b(i), b(k),
where i € Ni_1, k € N,
@ To the weight c, associated with this arc, we add the following

values

+q(i)(Je — pie)

+ —sign(q(k))(é—sign(q(k))) B

@ Solve a Shortest Path Problem in G; using Bellman-Ford (as
the new weights may be negative),

[} Add —’}/j.
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Graph Modeling and DW-decomposition

Second step : only a turbine or a pump at once

7 = argmin;en, Cx

Cr=Cr— 7 — D _(—3600Ac0 Y b(ne)g(ne) + B Y 1)

t 3 Ne:

b(n)=—1
—Z(5t - ,Ut Z b ”t ”t) - Z b("t—l)‘?("t—l))>
t nfGN (t) ne_1€
Nj(e-1)

and such that

"git tue <1,V kel teT"
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Graph Modeling and DW-decomposition

Incompatibility Graph and valid inequalities

@ undirected graph H = (V, E)

Short-term Hydro Unit Commitment Problem 43
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Incompatibility Graph and valid inequalities

@ undirected graph H = (V, E)

) V:UJ-GJI'IJ-
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Graph Modeling and DW-decomposition

Incompatibility Graph and valid inequalities

@ undirected graph H = (V, E)
o V =Ujgyll;
@ E : for each m; € N}, m; € My, we put an edge e = (7;, 7)) if

and only if 3¢ : q(nj).q(nk) <O
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Graph Modeling and DW-decomposition

Incompatibility Graph and valid inequalities

@ undirected graph H = (V, E)

o V =Ujgyll;

@ E : for each m; € N}, m; € My, we put an edge e = (7;, 7)) if
and only if 3¢ : q(nj).q(nk) <O

o for each edge e = (mj, m) € E, we identify the following valid

inequality Xxj r, + Xk, <1
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Graph Modeling and DW-decomposition

Incompatibility Graph and valid inequalities

o

undirected graph H = (V, E)

(4]

V = Ujejl'lj
@ E : for each m; € N}, m; € My, we put an edge e = (7;, 7)) if

and only if 3¢ : q(nj).q(nk) <O

(4]

for each edge e = (mj, m/) € E, we identify the following valid

inequality xj r, + Xk, <1

(4]

this can be generalized for each clique C in H

Zjﬂec-x7T <1, vCcV
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Conclusion and future work

© Survey
© HUC Problem : MILP and path-based formulation
© Pricing problem
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Graph Modeling and DW-decomposition

Conclusion and future work

© Survey

© HUC Problem : MILP and path-based formulation
© Pricing problem

© Column generation based heuristic

© Feasibility recovery heuristic

@ Benchmark for the deterministic HUC problem

Short-term Hydro Unit Commitment Problem 44



Graph Modeling and DW-decomposition

Thank youl
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Short-term Unit Commitment Problem in

Hydro Valleys: Overview and
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