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Objective

Development of a solution framework for Unit Commitment
(UC) problems with random generation:

Identify feasible (or ε-optimal)
schedules

Capable of representing
uncertainty with large samples

Applicable to reasonably-sized
systems



Unit Commitment Problem

Find a cost-effective combination of units that serves the power
demand of the system, while satisfies operating constraints of
the units and transmission.

Time horizon:
T

Scheduling:
ug , vg

Dispatch:
pg

min
∑

n∈N
∑

t∈T cn(ptgn) + Futgn + Stnv
t
gn

(pg, ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,∑

n∈Nk
ptgn + pij

t
k = Ltk, k ∈ K,

|pijl| ≤ Fl, l ∈ B,∑
n∈N sptn = Srt,∑
n∈N sptn + nptn = Snt

C
gen
dyn: ramping, up/down

times
C

gen
stat: generation limits



Unit Commitment Problem

Find a cost-effective combination of units that serves the power
demand of the system, while satisfies operating constraints of
the units and transmission.

Time horizon:
T

Scheduling:
ug , vg

Dispatch:
pg

min C(pg , ug , vg)

(pg, ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,∑
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n∈N sptn + nptn = Snt
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Spinning
Reserve

Non-spinning
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Unit Commitment Model
Renewable generation

Given there is renewable generation, find a cost-effective
combination of units that serves the power demand of the
system, while satisfies operating constraints of the units and
transmission.

min C(pg , ug , vg)

(pg, ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,∑

n∈Nk
ptgn + ptrk + pij

t
k = Ltk, k ∈ K,

|pijl| ≤ Fl, l ∈ B,∑
n∈N sptn = Srt,∑
n∈N sptn + nptn = Snt



Unit Commitment Problem
Renewable generation: challenges

Forecast System reserve

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [h]

1.5

1.0

0.5

0.0

0.5

1.0

1.5

2.0

2.5

Sc
al

ed
 W

in
d 

Po
w

er
 [p
u
]

January 2014, ELIA - Belgium system



Stochastic Unit Commitment Formulation
Stochastic two-stage model

Given a set of realization: ω ∈ Ω

min C1(ug , vg) + E[C2(pg)]

(pg(ω), ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,∑

n∈Nk
ptgn(ω) + ptrk(ω) + pij

t
k(ω) = Ltk, k ∈ K,

|pijl(ω)| ≤ Fl, l ∈ B,∑
n∈N sptn(ω) = Srt,∑
n∈N sptn(ω) + nptn(ω) = Snt

ug, vg is the (risk-neutral) commitment that minimizes the
expected dispatch cost E[C2(pg)]



Chance-Constrained Formulation
Scenarios ω ∈ Ω

Risk-averse UC and probabilistic reserve levels:

min C(ug , vg , pg)

(pg, sp, np, ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,

P
[∑

n∈Nk
ptgn + pij

t
k = Ltk − ptrk , k ∈ K

]
≥ π,

|pijl| ≤ Fl, l ∈ B,
P
[∑

n∈N sptn = Srt + αptr
]
≥ ρ,

P[
∑

n∈N sptn + nptn = Snt + βptr
]
≥ ρ

(ug, vg, pg) schedule determined by a risk-averse net-load
operating level: [L− pr]π
(sp, np) system reserves allocated with a risk-averse renewable
level: [pr]ρ



Chance-Constrained Formulation
Scenarios ω ∈ Ω

Risk-averse UC and probabilistic reserve levels:

min C(ug , vg , pg)

(pg, sp, np, ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,∑

n∈Nk
ptgn + pij

t
k = wtk, k ∈ K,

|pijl| ≤ Fl, l ∈ B,∑
n∈N sptn = Srt + αzt,∑
n∈N sptn + nptn = Snt + βzt,

w ∈Wπ, z ∈ Zρ

Netload: Wπ = {w ∈ RKT : P(Lkt − ptrk ≤ w
t
k) ≥ π}

Reserve renewable: Zρ = {z ∈ RT : P(ptr ≤ zt) ≥ ρ}



Decomposition Scheme

Introduce artificial variables: p̄g, s̄p, n̄p, w̄, z̄

min C(ug , vg , pg)

(p̄g, s̄p, n̄p, ug, vg) ∈ C
gen
dyn ∩ C

gen
stat,∑

n∈Nk
ptgn + pij

t
k = w̄tk, k ∈ K,

|pijl| ≤ Fl, l ∈ B,∑
n∈N sptn = Srt + αz̄t,∑
n∈N sptn + nptn = Snt + βz̄t,

pg = p̄g, sp = s̄p, np = n̄p,
w = w̄, z = z̄,
w ∈Wπ, z ∈ Zρ



Decomposition Scheme

Relax artificial constraints: λp, λsp, λnp, λw, λz

L(p, w, z) = C(ug, vg, pg) + λ>p (pg − p̄g) + λ>sp(sp− s̄p)
+ λ>np(np− n̄p) + λ>w(w − w̄) + λ>z (z − z̄),

Dispatch - OPF Commitment

Netload Reserve



Stochastic subproblem

Feasible set example in 2D:

DiscreteMix. Uniform Gaussian

Given realizations: Wπ and Zρ are non-convex (discrete).



Stochastic subproblem
Risk-averse netload

Wπ = {w ∈ RKT : P(Lkt − ptrk ≤ w
t
k) ≥ π}

Given a set of realizations [Lkt − ptrk ](ω), ω ∈ Ω with
probability 1/|Ω|
Check the π-boundary: for every realization e(ω)

e(ω) =

{
1 [Lkt − ptrk ](ω) ≤ wtk
0 otherwise

w ∈Wπ if 1
|Ω|
∑

ω∈Ω e(ω) ≥ π

The subproblems: min{λ>ww|w ∈Wπ}, min{λ>z z|z ∈ Zρ} are
combinatorial problems, difficult to solve.



Relaxation Approach - Stochastic Subproblems

Robust

Distributed
Risk

relaxation
convex



Relaxation Approach - Stochastic Subproblems

Scenarios 



Approximate Bundle Method

Dispatch - OPF Commitment

NetloadReserve

Master - Dual

Inexact information



Results - IEEE118 bus system

Wind farms: 53, 56, 32, 106, 6 – possible max generation 30%.

Nuclear: 30, 40, 37, 5.

Committed units:

5,6,11,12,14,20,21,22,25,26,28,29,30,37,38,40,45,46,54
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Results - IEEE118 bus system

Wind farms: 53, 56, 32, 106, 6. Nuclear: 30, 40, 37, 5. Committed

units: 5,6,11,12,14,20,21,22,25,26,28,29,30,37,38,40,45,46,54
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Results - IEEE118 bus system

Wind farms: 53, 56, 32, 106, 6. Nuclear: 30, 40, 37, 5. Committed

units: 5,6,11,12,14,20,21,22,25,26,28,29,30,37,38,40,45,46,54
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Results - IEEE30 bus system

Wind farms: 1,5,21,22,26. Generators:1,2,22,27,23. π = 0.9
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Results - IEEE30 bus system

Wind farms: 1,5,21,22,26. Generators:1,2,22,27,23. π = 0.9
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Conclusions

The approach described has a number of advantages

The risk-parameters can be set up by the user.

The formulation is flexible and it can be implemented with
OPF tools available - MATPOWER.

Different number of realization can be used to estimate the
percentiles at each period of time and node (where is
needed)- important to accommodate forecast errors.

Probabilistic reserves could be used to prepare the system
for possible variations of wind power.

The approach could be used to analyze safety renewable
integration levels.

The approach identifies risk-averse commitment



Future directions

Robust analysis of safety levels of renewable energy
integration - UC

Given UC and renewable integration levels: Refinement of
dispatch

Test the approach with different characterization of wind
power: cluster representatives
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