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Novel contributions
• A comprehensive study on the full integration of Baltic countries into the European power

systems, from market operation and security perspective.

• Providing a detailed Europe-wide day-ahead and intraday market modelling tool with

implicit allocation of cross-border transmission capacities, incorporating the national and

regional FCR and FRR reserve requirements.

• Assessing the operational and economic impact of intraday market coupling under high

renewable penetration, in terms of expected generation cost, average prices, generators’

surpluses, and cost to loads, through a stochastic optimization approach.

• Addressing the potential impacts of flexibility provided by active participation of hydro

pumped-storage generators and DR programs in European integrated day-ahead and

intraday markets by 2030.

• Proposing a rotational load shedding approach through multi-area coordination among

TSOs to manage abnormal situations within interconnected power systems

• Assessing the economic impact of demand-side flexibility from customers’ perspective and

proposing an incentive-based settlement mechanism to ensure DR profitability.

Addressed research questions/problems
 Baltic power systems’ desynchronization from IPS/UPS and re-synchronization to

Europe

 Integration of the European day-ahead and intraday electricity markets under high

share of renewables

 A multi-area assisted rotational load shedding approach for mutual support of

interconnected power systems under abnormal situation

 An incentive payment mechanism for enhancing active participation of flexible

demands in electricity markets to manage renewables’ uncertainty

Research context and motivation
• Europe’s power sector is facing new issues and evolving scenarios towards enghanicng

energy security, sustainability, and indepenceny. To achieve these energy targets,

currently there are some challenges:

i. Integration of part of EU to non-EU power systems (Baltic-Russia)-energy security issue;

ii. Higher electricity market integration while allowing for higher renewable penetration;

iii. Strengthening the cooperation among Europpean TSOs for network management;

• My research aims at addressing these challenges through modelling a European market

clearing and network management tool, which can provide precise insight into the impact

of different EU energy policies on market performance and energy security within Europe

and support policy makers to achieve their energy targets in a cost-efficient manner.

Adopted methodologies
 Europe-wide integrated market modelling

• Zonal pricing approach

• Modelling day-ahead (DA) and intraday (ID) markets

• Inter-zonal and intra-zonal congestion management

• Modelling uncertainty of wind/solar generation and load

• Modelling frequency control reserve constraints within

market zones according to the current system operation rules

• Modelling demand-response programs in DA & ID markets

• Scheduling of hydro pump-storage generators in market

 Decision-making algorithm for multi-area assisted load-shedding

• Optimization problem formulated as Mixed integer linear programming (MILP)

• Simultaneous optimization of energy and reserves

• Security constrained unit commitment algorithm under N-1 security criterion

• Optimum scheduling of storage technologies to provide energy and reserves

 Stochastic market clearing approach

• Scenario-based approaches for modelling uncertainty

• Monte-Carlo simulation

• 2-stage stochastic programming
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Projects
• Performance-based regulation for enhancing the resilience of distribution system

(Cooperation I-RETI – PoliTO)

• Regional smart load shedding strategies (Cooperation Joint Research Centre – PoliTO)

• Integration of the Baltic States into the EU electricity system: A cost-benefit and geo-

political energy security analysis (Cooperation Joint Research Centre – PoliTO)

Fig.1. Baltic-EU interconnections under different desynchronization schemes

Fig. 4. Impact of DR on generators’ surplus and cost to load

I analyzed and compared the prospective Baltic de-

synchronization schemes from market performance,

congestion management, and system security

perspectives and found the optimum option.

I developed a network-constrained Europe-wide integrated day-ahead and intraday market

modelling tool, including 34 countries, with stochastic modelling of wind/solar and demand.

The model can be used to analyze the

impact of different market-related decision-

making problems in Europe, e.g. network

enhancement plans, impact of different

penetration level of renewables, and the

role of storage technologies on EU market

performance.

I developed a decision making algorithm for regional crisis

management in interconnected power systems to utilize

the available supply and demand side resources more

efficiently. The decision making problem prioritizes the

supply of different load categories based on their

sensitivity to supply protected loads and to ensure

availability of operating reserves within the region.
Fig. 3. Gradual impact of crisis (dry season) on generation 

capacity and demand

The profitability of flexible demands by providing load shifting into

the market with high renewable penetration is analyzed and an

incentive payment mechanism is proposed to provide additional

revenue for DR providers and guarantee their profitability.

Fig. 5. Europe-wide integrated market zones and inter-zonal 

equivalent  interconnections

Fig. 6. Illustration of scenario-tree in 2-stage stochastic 

programming 

Fig. 2. Annual generation/demand within each country by 2030

Future work
• Proposing a new electricity pricing mechanism in markets with high penetration of

renewables with close to zero marginal cost.

• Re-designing market zones in EU electricity markets according to the increasing

penetration of renewables.


