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✓ ED and DC-OPF necessitate expensive post-market redispatch actions
during daylight hours.

RESULTS

Figure 2:  Spanish electricity grid simplified to 50 nodes.

Tabela 1: Percent Differences Between the Energy 
Dispatched by the Market Clearing Models 

Compared to the AC-OPF.

Model Active Reactive

ED -1.6 -0.7 ─ ─ ─

Redispatch 1.8 0.2 1.3 12.8 -4.8

DC-OPF -1.6 -0.7 ─ ─ ─

Redispatch 1.7 0.2 0.3 10.3 -5.0

RPP AC-OPF 0.1 0.1 -62.6 -59.4 -64.3
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Rising Operational Costs: Reliance on for post-clearing feasibility has led 
to nearly balancing markets 60 TWh of redispatch volume in 2024, costing 
the EU approximately 4.3 €bn [2].

The Spanish Context: In Spain, voltage-related issues are a primary driver 
of redispatch actions, accounting for 53% of redispatch volume between 
2022 and 2024 [2].

Research Objective: This study evaluates the transition from Economic 
Dispatch (ED) and DC-OPF to AC-feasible formulations, specifically 
investigating how internalizing network constraints impacts total system 
costs and security in the mainland Spain electricity system.

Contribution: We applied a Reactive Power Penalized (RPP) AC-OPF 
formulation to assess if explicitly “penalizing" reactive power can mitigate 
overvoltage scenarios and reduce the penalizing need for costly post-
market redispatch.

Current Market Limitations: The Single Day-Ahead Coupling (SDAC) 
framework utilizes a zonal market model that does not account for internal 
network physics during clearing [1].
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Figure 1: Distribution of total upward and downward re-dispatching volume by underlying
cause. Adapted from [1].

Market-Clearing Algorithms

Economic Dispatch (ED), DC-OPF and AC-OPF [3]

✓ Incorporating a reactive power penalty significantly improves the 
network’s voltage profile. Alternatively, tightening voltage limits in a 
standard AC-OPF could force similar results, though likely at a higher total 
operating cost.

✓ Standard AC-OPF in the Spanish market-clearing context may lead to 
voltages close to the operational upper limit.

✓ Incorporate intertemporal constraints, alongside refined renewable 
capacity estimations to further validate these findings under high-
uncertainty scenarios.

Figure 4: Hourly aggregated mismatch between the 
redispatched DC-OPF (top) and the RPP AC-OPF 
(bottom) models relative to the AC-OPF baseline.

Figure 5: Hourly absolute and net reactive 
power, averaged over the year, for the AC-OPF 

and RPP AC-OPF models.

Figure 6: Hourly absolute and net reactive power, averaged over the year, for the AC-OPF and RPP AC-
OPF models.

Voltage Limits: [0.95 – 1.087] p.u.

Reactive Power Penalty Cost: 1 €/Mvarh
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Penalized Reactive Power AC-OPF (RPP AC-OPF)

Optimization / Solvers:

The market clearing simulations are conducted at an hourly resolution for 
the full year 2023. Each hour is solved independently, and intertemporal 
coupling is neglected.

Figure 3: AC-OPF active power operating cost 
evolution in a day, averaged over the year (top) 

and percent difference of the cost of other 
models compared with the AC-OPF (bottom).
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• Reduced network with 50 nodes
• Technical and economic parameters
• Hourly data for 2023 for demand and renewables
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