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Uncertain power production    Uncertain power flows

Uncertainty	from:
- Renewables
- Intra-day trading
- ...

GOAL: Secure system operation despite uncertainty 

Approach:
AC	optimal	power	flow	
withapproximate
chance	constraints
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1. Chance-Constrained AC Optimal Power Flow

- Formulation	is based on	 full	AC	power	flow	equations

- Power	injections	𝑃",𝑄" are	uncertain
- →	Voltages	𝛩",𝑉" and	currents	𝐼( 	are	uncertain!
- Chance	constraints limit the	probability of	overload

min
-.
			∑ 𝑐1,2𝑃3,2

1 + 𝑐5,2	𝑃3,2 + 𝑐6,2	2∈𝒢

s. t.	 𝑃3<2= ≤ 𝑃3 ≤ 𝑃3<?@
𝑄3<2= ≤ 𝑄3 ≤ 𝑄3<?@

	𝑓 ΘC, 𝑉", PC, QC = 0

ℙ 𝐼(I,J	 ≤ 𝐼I,J
<?@ 	 ≥ 1− 𝜖, 			𝑗 ∈ ℒ

ℙ 𝑉"2	 ≤ 𝑉2
<?@ 	 ≥ 1− 𝜖, 				𝑖 ∈ ℬ

ℙ 𝑉2	 ≥ 𝑉2
<2=	 ≥ 1 −𝜖, 				𝑖 ∈ ℬ

Chance constraints on currents and voltagesAC power flow equations

2. Approximate Chance-Constraint Reformulation
Step	A:	Linearize around expected operating	point

- Formulate power	flow	for	expected 𝑃, 𝑄:			𝑓 Θ, 𝑉, 𝑃, 𝑄 = 0

- Linearizewith respect	to	Δ𝑃,Δ𝑄:												𝐼(I,J	 ≈ 𝐼I,J	 + 𝚪V(.,J)
Δ𝑃
Δ𝑄

- Approximate chance-constraint:								ℙ 𝐼I,J	 + 𝚪𝐈(.,J)
Δ𝑃
Δ𝑄 ≤ 𝐼I,J

<?@ 	 ≥ 1 −𝜖

Step B:	Analytic reformulation	based on	Gaussian uncertainty

- Assume	Gaussian forecast errors Δ𝑃,Δ𝑄

- Analytical reformulation:Linear 
𝚪V sensitivity 

factor

𝚺𝑾 Covariance matrix

𝚽 Gaussian cumulative
distribution function

Full AC

Nominal AC
solution

𝐼I,J ≤ 𝐼I,J
<?@ −𝚽]5 1− 𝜖 Γ_ .,J 𝚺𝑾Γ_ .,`

«Uncertainty margin» 𝛀𝐕	
based on linearization

3. Iterative solution algorithm 

Initialize with uncertainty
margins = 0

Solve AC OPF with current
uncertainty margins

Evaluate
uncertainty margins Solution foundYES

NO

Converged?

4. Case study

- IEEE	RTS	96	with two windpower	plants
- Violation	probability 𝜖 = 0.05

Convergence	and	accuracy
- Fast convergence	of	uncertainty margins
- Reasonablyaccurate approximation,

except for	lines with flow	reversal

Performance	of	the	AC	OPF	Solution

Violation	probability
decreases	from	50%	
to	below	5%	with	
chance-constraints

Conclusions
- Computationally tractable	and	reasonably accurate way

to	account for	uncertainty in	AC	optimal	power	flow

- Can	be implementedwithin existing AC	OPF	tools

- Can	be extended to	other probabilistic constraints and	
non-normal	uncertainty distributions
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