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Abstract 

The transition to a decarbonized electricity system in Germany requires 

fundamental changes in market design to efficiently integrate renewable energy sources 

(RES) while maintaining grid stability and cost efficiency. This thesis examines the 

potential adoption of multi-part bids (MPBs) at the unit level and explores how they 

could improve market efficiency, congestion management, and investment signals 

compared to Germany’s current portfolio-based bidding system. Through a comparative 

case study of Italy, which has successfully implemented unit-based MPBs and locational 

price elements, this research assesses the feasibility of similar reforms in the German 

electricity market. 

Germany’s existing bidding structure, based on a single national price zone and 

ex-post redispatch, has led to high congestion costs, inefficient price signals, and 

suboptimal investment decisions. In contrast, Italy’s multi-part bidding framework, 

integrated with zonal pricing and real-time dispatch mechanisms, enables more 

transparent cost allocation, reduced redispatch needs, and stronger locational incentives 

for generation and flexibility assets. The case study highlights key structural differences, 

including grid topology, regulatory frameworks, and stakeholder adaptation, which 

influence the applicability of Italy’s model to Germany. 

To facilitate a transition, this thesis outlines a phased implementation roadmap 

tailored to Germany’s market conditions. In the short term, pilot programs in congestion-

prone regions could test the feasibility of MPBs, while imbalance pricing reforms could 



 

improve cost allocation. In the medium term, increasing intraday market liquidity and 

introducing dynamic bidding zones would enhance flexibility. In the long term, a gradual 

shift toward locational price signals and real-time market integration could improve 

market efficiency while balancing stakeholder concerns. 

This research contributes to the literature on electricity market design and 

congestion management by analyzing how specific characteristics of national market 

structures—such as the level of generation centralization, grid topology, and existing 

bidding formats—influence the effectiveness and feasibility of bidding reforms. The 

findings suggest that implementing multi-part bids in Germany could significantly reduce 

redispatch costs, improve market transparency, and support more efficient investment 

signals. However, the success of such a transition depends on regulatory adjustments, IT 

infrastructure upgrades, and stakeholder coordination. Future research should incorporate 

quantitative modeling, political feasibility assessments, and consumer impact analyses to 

further refine implementation strategies. 

By learning from Italy’s experience, Germany can modernize its market design, 

ensuring a more cost-effective, flexible, and resilient electricity system aligned with 

European decarbonization goals. 
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Chapter I. 

Introduction 

The European electricity market is currently undergoing a significant 

transformation, driven by the increasing integration of renewable energy sources (RES) and 

the urgent need to decarbonize the energy sector. To combat climate change, the European 

Union (EU) has set ambitious goals, such as increasing the share of RES to 32% by 2030 

and achieving carbon neutrality by 2050. (Ashour Novirdoust, Rajon, et al., 2021) 

Germany, aligning with these goals, aims to achieve greenhouse gas-neutral electricity 

generation even earlier. (Ashour Novirdoust, Bichler, et al., 2021) However, this transition 

presents numerous challenges, including grid reliability, market efficiency, and the need to 

adapt market structures to the variability and decentralized nature of RES. 

A key issue lies in the limitations of existing market designs. Current zonal and 

portfolio-level bidding systems in the EU, designed for centralized fossil-fuel-based 

generation, lack the granularity required to manage the variability and spatial distribution 

of RES. This results in inefficiencies such as grid congestion, suboptimal price signals, and 

escalating redispatch costs. (Ashour Novirdoust, Bichler, et al., 2021) In Germany, the 

zonal bidding system often fails to provide adequate locational signals, exacerbating these 

challenges and highlighting the need for reform. The exploration of mechanisms such as 

Locational Marginal Pricing (LMP) and multi-part bidding offers potential solutions to 

align market signals more effectively with real-time grid conditions and renewable 

integration goals. (Richstein et al., 2020) 
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Research Background:  

The shift from centralized fossil-fuel-based generation to decentralized, intermittent 

RES like wind and solar power has placed significant strain on existing grid infrastructure. 

For instance, in 2019, Germany curtailed approximately 6.5 TWh of renewable energy, 

primarily from wind, due to grid congestion, (Bundesnetzagentur & Bundeskartellamt, 

2020) underlining the inadequacies of current market rules in efficiently integrating 

renewables. (Ashour Novirdoust, Bichler, et al., 2021) Redispatch costs—actions taken by 

grid operators to balance supply and demand—have also risen sharply, increasing from 

€600 million in 2016 to nearly €1 billion in 2019. (Ashour Novirdoust, Bichler, et al., 

2021) These figures underscore the pressing need for market and regulatory reforms to 

address the challenges posed by renewable integration.  

Germany’s ambitious energy transition, supported by EU initiatives like the Green 

Deal and Fit-for-55 Package, aims to expand renewable capacity significantly, including 22 

GW of solar PV, 10 GW of onshore wind, and 4 GW of offshore wind annually 

(Bundesministerium für Wirtschaft und Klimaschutz, 2024). However, the existing grid 

and market mechanisms, designed for a more predictable generation landscape, are ill-

equipped to handle the complexity of high RES integration. As Chaves-Ávila et al. (2014) 

highlight, Germany’s imbalance pricing mechanism lacks the spatial granularity needed to 

manage congestion effectively, often exacerbating grid imbalances. This observation aligns 

with broader concerns about the inadequacy of current market structures in accommodating 

a dynamic, RES-heavy grid environment. 

The Federal Ministry for Economic Affairs and Climate Action identifies four key 

action areas for a sustainable electricity market: securing investments for renewables, 

establishing frameworks for controllable capacity, introducing local signals, and enhancing 
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demand flexibility.(Bundesministerium für Wirtschaft und Klimaschutz, 2024) These 

priorities provide a foundation for exploring how advanced market mechanisms, such as 

multi-part bidding, could address inefficiencies and support Germany’s renewable energy 

expansion. 

The European electricity market, traditionally defined by national borders and zonal 

pricing, faces additional challenges as cross-border trading and grid interconnectivity 

increase.(Wu et al., 2024) Harmonized market rules and efficient trading mechanisms are 

essential to ensure that market operations reflect real-time grid conditions. Italy’s adoption 

of unit-based bidding and elements of LMP demonstrates the potential of more granular 

pricing mechanisms to improve market efficiency and grid stability. 

Problem Statement:  

Germany’s ambitious energy transition and the increasing penetration of RES 

expose critical gaps in the country’s electricity market design. Current zonal and portfolio-

level bidding systems lack the granularity to handle the decentralized, variable nature of 

RES, leading to inefficiencies such as grid congestion, rising redispatch costs, and 

inadequate price signals. These inefficiencies not only escalate system costs but also hinder 

the effective integration of RES and compromise investment confidence in renewable and 

flexible capacity. 

While alternatives like nodal pricing offer theoretical benefits, they require a 

complete market redesign, posing substantial implementation challenges. Intermediate 

solutions, such as multi-part bidding, represent a promising approach to improving market 

granularity without overhauling the entire system. However, the practical implications of 
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adopting multi-part bidding—particularly its impact on market stakeholders and 

Germany’s energy transition goals—remain underexplored. 

This research addresses the gap by evaluating how the adoption of multi-part 

bidding mechanisms at the unit level could resolve inefficiencies in Germany’s electricity 

market while supporting renewable integration. By bridging this gap, the study aims to 

contribute actionable insights toward market reforms that align with Germany’s climate 

ambitions and evolving grid realities. 

Research Objectives:  

The primary objective of this thesis is to explore how optimizing bidding systems 

through the introduction of MPBs could improve the efficiency, transparency, and 

reliability of electricity markets in Germany. Specifically, the research aims to: 

• Evaluate the limitations of Germany’s current portfolio-level bidding system and its 

impact on market efficiency and grid stability. 

• Assess the potential of MPBs to address these challenges, drawing lessons from 

Italy’s implementation of unit-based bidding and LMP. 

• Analyze the implications of adopting MPBs for key stakeholders, including 

generators, grid operators, regulators, and consumers. 

• Provide a potential implementation timeline and policy recommendations for 

integrating MPBs into Germany’s regulatory framework, considering both technical 

and institutional challenges. 

The research will contextualize multi-part bidding within the broader European 

discourse on enhancing market efficiency through increased pricing granularity, as 

highlighted by Neuhoff et al. (2024). Neuhoff's analysis emphasizes the potential of LMP 
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as a long-term solution to manage congestion and system balancing needs across EU 

markets. The step-wise introduction of LMP, as proposed by Neuhoff, addresses challenges 

such as structural congestion, the increasing complexity of grid operations, and the 

integration of RES and electrified demand. These challenges are intensified by the surge in 

RES capacity and the electrification of transport, heating, and industrial sectors. The 

European Commission’s Joint Research Centre (JRC) further supports this view by 

projecting a sharp increase in redispatch volumes and associated costs under all grid 

expansion scenarios, underscoring the urgent need for market mechanisms that better align 

pricing with grid constraints. The JRC highlights that even ambitious grid expansion efforts 

will not eliminate congestion and recommends introducing locational signals, such as 

bidding zone splits or LMP, to improve investment incentives and market efficiency. 

(European Commission JRC., 2024) 

Building on the foundational work of Chaves-Ávila et al. (2014) regarding 

congestion-sensitive pricing mechanisms, this thesis will integrate Neuhoff’s insights to 

explore how multi-part bidding can serve as an intermediary step towards achieving the 

granular pricing benefits of LMP without requiring immediate market-wide restructuring. 

By considering the implications of MPBs alongside Neuhoff's proposed reforms—such as 

enhancing cooperation between Transmission System Operators (TSOs) and market 

operators—this thesis aims to present a feasible pathway for Germany to enhance market 

responsiveness and efficiency in line with EU energy transition goals. (Chaves-Ávila et al., 

2014; European Commission JRC., 2024; Neuhoff et al., 2024) 
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Research Question:  

The central research question of this thesis is: What are the regulatory and 

stakeholder implications of introducing MPBs in Germany’s electricity market, in light of 

Italy’s implementation experience? 

This research question allows for a detailed analysis of stakeholder impacts while 

also considering related regulatory challenges and insights from international experiences, 

including Italy's implementation of unit-based bidding. 

Methodology Overview:  

To address the research question, this study will employ a mixed-methods 

approach, combining qualitative and quantitative analyses. The methodology includes: 

1. Comparative Case Study: Analyzing the bidding systems in Germany and Italy, 

with a focus on Italy’s experience in implementing unit-based bidding and LMP. 

2. Document Analysis: Reviewing regulatory frameworks, market reports, and 

academic literature to contextualize findings within the legal and policy landscape. 

3. Stakeholder Analysis: Assessing the impacts of MPBs on generators, grid operators, 

regulators, and consumers. 

4. Policy Evaluation: Identifying regulatory and infrastructure adjustments necessary 

for the successful implementation of MPBs in Germany. 

The study will leverage insights from EU directives, such as the Clean Energy for 

All Europeans Package and Regulation 2019/943, to ensure that the analysis aligns with 

broader European market integration goals. This comprehensive approach will provide a 
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robust foundation for understanding the potential of MPBs to transform Germany’s 

electricity market.  
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Chapter II. 

Literature Review 

Bidding Structures in Electricity Markets: Theoretical Foundations and Practical 

Applications 

The design of bidding structures in electricity markets is pivotal for market 

efficiency, transparency, and the integration of RES. This section analyzes existing studies 

on portfolio-level versus unit-level bidding, focusing on their advantages and 

disadvantages, and explores different bidding formats, including simple, block, and multi-

part bids. The implications of these bidding structures for stakeholder roles, market 

performance, and regulatory frameworks are also examined. 

Overview of Bidding Structures and Their Role in Market Efficiency 

Electricity markets employ various bidding structures to facilitate the matching of 

supply and demand while accounting for the operational characteristics of generation units 

and the physical constraints of the grid. The two primary bidding structures are portfolio-

level bidding and unit-level bidding. 

Portfolio-Level Bidding: Concept, Advantages, and Limitations 

In portfolio-level bidding, generators aggregate multiple generation assets into a 

single bid, without specifying the characteristics of individual units. This approach 

simplifies market operations and reduces administrative complexity for market participants 

but comes at the cost of reduced granularity, leading to lower market transparency and 

potential inefficiencies. 
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Germany, for instance, employs portfolio-level bidding in its electricity market. 

While this method streamlines the bidding process, it fails to capture the specific 

operational constraints and costs of individual generation units. As a result, dispatch 

decisions may become suboptimal, increasing the reliance on out-of-market interventions 

such as redispatch. (Ashour Novirdoust, Rajon, et al., 2021) 

Chaves-Ávila et al. (2014) highlight that Germany's portfolio-based bidding 

structure and imbalance pricing mechanisms lack spatial differentiation, making it difficult 

to manage congestion efficiently, particularly as RES penetration increases. Without 

locational price signals, managing grid constraints becomes less effective, often resulting in 

higher redispatch cost—the additional system costs incurred when TSOs must adjust the 

dispatch of generators after the market has cleared to resolve physical grid constraints that 

were not captured in the market outcome.1 

Furthermore, the EUPHEMIA algorithm, which underpins market clearing across 

European electricity markets, faces computational challenges when processing portfolio-

based bids—particularly due to the variability introduced by RES. (Ashour Novirdoust, 

Rajon, et al., 2021) 

Newbery et al. (2018) argue that traditional portfolio-level bidding structures are ill-

suited for markets with high RES penetration. The inability to account for individual unit 

constraints hampers investment in flexibility and storage, leading to inefficiencies. They 

suggest that more granular bidding mechanisms, such as unit-based or multi-part bidding, 

 
1 For a comprehensive introduction to redispatch costs and their role in electricity market operations, see 

Bundesministerium für Wirtschaft und Klimaschutz (2025) for an overview of Redispatch 3.0 in Germany, 

Chaves-Ávila et al. (2014) for an analysis of the relationship between imbalance pricing and congestion in the 

German market, and European Commission Joint Research Centre (2024) for a comprehensive EU-level 

perspective on redispatch and congestion management. 
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could provide better investment signals and enhance operational efficiency in RES-

dominated markets. 

Supporting this perspective, Lété et al. (2022) confirm that portfolio-level bidding, 

in combination with zonal pricing, results in inefficient congestion management. Their 

study finds that simplifying transmission constraints in zonal pricing distorts investment 

signals and increases reliance on redispatch mechanisms. Additionally, Lété et al. (2022) 

introduce two "missing money" problems associated with zonal pricing: 

1. Investment shortfalls due to simplified congestion constraints. 

2. Distortions from Flow-Based Market Coupling (FBMC), which misaligns with 

optimal investment structures.2 

Thus, while portfolio-level bidding provides a simplified market structure, it lacks 

the granularity needed to ensure efficient congestion management and long-term 

investment signals, particularly in highly RES-integrated systems. 

Unit-Level Bidding: Enhancing Market Transparency and Dispatch Efficiency  

Unlike portfolio-level bidding, unit-level bidding allows generators to submit bids 

that reflect the costs and constraints of individual generation units. This increases market 

transparency and enables more precise dispatch decisions, thereby reducing the need for 

out-of-market interventions. 

Italy, for example, employs unit-level bidding in its Ancillary Services Market 

(Mercato dei Servizi di Dispacciamento, MSD), which is distinct from the energy market 

 
2 For an in-depth explanation of Flow-Based Market Coupling (FBMC) and its application in the European 

electricity market, see Byers and Hug (2020) for a detailed assessment of FBMC’s modeling assumptions and 

redispatch implications, Aravena et al. (2021) for an analysis of transmission capacity allocation in zonal 

markets under FBMC, and Wu et al. (2024) for a comparative evaluation of FBMC’s performance under 

different bidding zone configurations. 
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and used by the TSO to procure balancing and reserve services for maintaining grid 

stability. (Bundesministerium für Wirtschaft und Klimaschutz, 2024) This market includes 

actions taken close to real time but should not be confused with the real-time energy or 

imbalance market as defined in other jurisdictions, such as the U.S. In contrast, Italy’s day-

ahead energy market continues to rely on portfolio-level bidding, similar to most European 

markets. This distinction underscores that while unit-level bidding is common in ancillary 

service procurement in Europe, it is not yet standard practice in day-ahead energy market 

clearing. 

Ashour Novirdoust et al. (2021) emphasize the advantages of unit-level bidding, 

noting that it captures individual unit constraints and cost structures, thereby improving 

market efficiency. The integration of LMP within Italy’s unit-based MSD allows prices to 

reflect real-time grid conditions and transmission constraints, which enhances price signals 

and supports RES integration. 

Newbery et al. (2018) further underscore the importance of granular bidding 

structures, particularly in markets with high RES penetration. They argue that unit-based 

bidding—especially when paired with LMP or other nodal pricing mechanisms—allows for 

precise cost signaling in generation and flexibility services. This reduces redispatch costs 

and enhances operational efficiency. 

In contrast, Germany’s reliance on portfolio bidding simplifies market operations 

but introduces inefficiencies in congestion management. Eicke & Schittekatte (2022) 

provide further evidence that zonal markets relying on portfolio bidding create 

opportunities for strategic behavior, such as Inc-Dec gaming, where generators manipulate 

redispatch payments. This misalignment between market clearing and actual grid 

constraints exacerbates inefficiencies and increases overall system costs. Their findings 
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support the argument that unit-level bidding, particularly when integrated with nodal 

pricing, can reduce these distortions by ensuring that dispatch decisions align with real-

time grid conditions. 

While unit-level bidding improves dispatch efficiency, Lété et al. (2022) caution 

that zonal pricing itself remains a fundamental limitation—even if investment signals 

improve. Their study finds that nodal pricing, when combined with unit-level bidding, 

significantly reduces redispatch costs and enhances market efficiency. 

Expanding on this point, Lété et al. (2022) demonstrate that introducing unit-level 

bidding within a zonal market does not fully resolve inefficiencies, as the fundamental 

issue lies in how zones aggregate generation and transmission constraints. Their empirical 

study shows that unit-level bidding alone does not eliminate price distortions if 

implemented within a zonal pricing framework. 

Thus, while unit-level bidding is widely adopted for ancillary services and offers 

clear advantages over portfolio-based bidding, its effectiveness in energy markets depends 

on broader market design choices—particularly the adoption of nodal pricing. 

Bidding Formats and Their Impact on Market Coordination 

Bidding formats in electricity markets determine how generators submit offers, 

influencing market efficiency, price formation, and grid stability. These formats can be 

categorized into simple, block, and multi-part bids, each offering different levels of 

complexity and flexibility. The choice of bidding format affects the market’s ability to 

coordinate generation efficiently and manage grid constraints, particularly in systems with 

high RES integration. 
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Simple and Block Bidding: Characteristics and Market Implications  

Simple bidding involves a single time period with a single price component. It is 

commonly used in intraday and day-ahead markets within the EU. While straightforward, 

simple bidding fails to account for operational constraints, such as start-up costs and 

ramping limitations, leading to inefficiencies—particularly in markets with volatile prices 

and high RES penetration (Richstein et al., 2020). 

Richstein et al. (2020) illustrate that simple bids do not capture the complexities of 

generator operations, which can result in suboptimal dispatch and increased system costs. 

The lack of flexibility in simple bidding formats hinders the market's ability to respond 

effectively to RES variability, reducing the efficiency of dispatch decisions. 

Moreover, Eicke & Schittekatte (2022) highlight that these inefficiencies are 

particularly pronounced in zonal markets, where price signals fail to reflect locational 

constraints. Their research indicates that nodal markets, which integrate multi-part bids, 

address these inefficiencies by allowing generators to submit detailed cost structures, 

resulting in more precise and efficient dispatch outcomes. 

Block bidding allows generators to submit bids for multiple time periods, ensuring 

that an entire block of hours is either jointly accepted or rejected. This format accounts for 

some inter-temporal constraints, accommodating generation units that require longer 

operational periods to remain economically viable. However, its rigidity can still lead to 

inefficiencies, especially in markets where prices fluctuate significantly across consecutive 

periods (Ashour Novirdoust, Bichler, et al., 2021). 

Although block bids offer improvements over simple bids, Richstein et al. (2020) 

argue that they lack the granularity and flexibility needed to fully capture the operational 

constraints of generation units. The inability to adjust bids within the block can limit 
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market responsiveness to real-time grid conditions, leading to inefficiencies in dispatch and 

congestion management. 

Lété et al. (2022) reinforce this argument, showing that simple and block bidding 

formats fail to account for non-convexities in electricity markets, particularly under zonal 

pricing with FBMC. Their analysis highlights that these inefficiencies increase the 

likelihood of paradoxically rejected bids, where economically viable offers are excluded 

due to market-clearing algorithm constraints. 

Multi-Part Bidding: A Mechanism for Improved Market Coordination 

In contrast, multi-part bidding is a more sophisticated format that allows generators 

to submit detailed cost components, including: 

• Start-up costs (fixed costs incurred when starting a generator). 

• No-load costs (minimum operating costs when running at low output). 

• Technical constraints (minimum generation levels, ramping rates, and other 

operational factors). 

By providing more detailed operational information, multi-part bidding enables 

more efficient market coordination and better dispatch decisions (Richstein et al., 2020). 

Richstein et al. (2020) further advocate for multi-part bidding as it allows 

generators to reflect their true operational costs, improving the alignment between bids and 

actual grid conditions. Markets that have successfully implemented multi-part bids, such as 

PJM in the U.S. and Italy’s MSD, have seen improvements in market efficiency and better 

RES integration. 

Sioshansi and Nicholson (2010) highlight that MPBs are particularly effective at 

addressing non-convexities in electricity markets, as they capture the complexities of 

generator operations more accurately. By allowing detailed cost structures to be submitted, 
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multi-part bidding reduces the need for out-of-market interventions and supports more 

accurate price signals for investment and dispatch. 

Eicke & Schittekatte (2022) further reinforce this perspective by analyzing U.S. 

nodal markets, where multi-part bidding is a standard feature. They find that incorporating 

MPBs not only reduces reliance on redispatch but also enhances market transparency, 

strengthening investment signals and lowering long-term system costs. 

While this thesis focuses on the direct dispatch benefits of multi-part bidding, Lété 

et al. (2022) extend the discussion by evaluating its long-term investment impact. Their 

study suggests that multi-part bidding alone is insufficient to provide accurate investment 

signals unless paired with nodal pricing. 

Although multi-part bidding improves dispatch efficiency, its effectiveness varies 

depending on the market structure. Lété et al. (2022) argue that within zonal markets, 

multi-part bidding does not fully resolve inefficiencies, particularly in capacity expansion 

planning. 

Their findings contradict the assumption that multi-part bidding enhances efficiency 

in all contexts. Instead, they show that multi-part bidding within a zonal pricing framework 

still leads to investment distortions, as zones aggregate transmission and generation 

constraints without accurately reflecting locational grid conditions. 

Thus, while multi-part bidding is a crucial tool for improving market coordination, 

its full benefits can only be realized in market structures that incorporate locational 

differentiation, such as nodal pricing. 
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Challenges in Implementing Granular Bidding Structures  

The transition to granular bidding structures and advanced bidding formats presents 

several challenges and considerations that must be addressed. While these bidding 

mechanisms can improve market efficiency and congestion management, they also 

introduce computational complexities, potential inefficiencies in market clearing, and new 

operational challenges for market participants. 

Computational Complexity in Market Clearing and Optimization 

The increased granularity of multi-part bidding structures introduces significant 

challenges in market clearing and optimization. The EUPHEMIA algorithm, which is used 

for market clearing in European electricity markets, faces computational difficulties when 

processing complex bids, especially with the additional variability introduced by RES. 

(Ashour Novirdoust, Rajon, et al., 2021) These computational limitations can result in 

inefficiencies, such as paradoxically rejected non-convex bids, where economically 

beneficial bids are excluded due to algorithmic constraints. 

Madani & Vyve (2021) examine the complexities of non-convex uniform price 

auctions in day-ahead electricity markets, highlighting the computational burden posed by 

complex bidding formats. Their research proposes a Mixed-Integer Programming (MIP) 

framework to improve market-clearing efficiency, addressing some of the limitations posed 

by non-convexities in multi-part bidding. 

A major concern in transitioning to nodal pricing and multi-part bidding is the 

potential computational burden on market-clearing algorithms. While critics argue that 

nodal pricing would place excessive demands on market operators, Eicke & Schittekatte 

(2022) challenge this notion. Their research demonstrates that although computational 

demands increase, they remain manageable with existing optimization techniques, as 
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evidenced by their implementation in large-scale U.S. markets such as PJM. Moreover, 

they point out that Europe’s current market-clearing algorithm, EUPHEMIA, already 

struggles with computational challenges, particularly due to its treatment of non-

convexities. This suggests that transitioning to nodal pricing may not introduce 

significantly higher complexity than the existing zonal framework. 

Findings from the European Commission JRC (2024) highlight several 

computational challenges associated with increasing bidding complexity: 

1. Scalability Issues in Market Clearing: Multi-part and unit-level bidding improve 

market efficiency by better capturing generator constraints, but they also 

significantly increase computational complexity. The EUPHEMIA algorithm 

already faces scalability issues, with the growing number of variables and 

constraints introduced by block bids, RES variability, and network constraints. 

Computational difficulties can result in suboptimal dispatch decisions, 

including: 

• Paradoxically rejected non-convex bids (economically beneficial bids being 

excluded due to algorithmic limitations). 

• Longer market-clearing times, which could create delays in day-ahead and 

intraday trading. 

• Increased reliance on redispatch, as congestion is not adequately accounted 

for in market clearing. 

2. Implications of Non-Convexities in Electricity Markets: Non-convexities arise 

from start-up costs, ramping constraints, and minimum generation levels, which 

are not fully captured in simple or block bidding formats. Research by Madani 

& Vyve (2021) show that non-convex pricing mechanisms significantly 
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increase the computational complexity of market clearing, making it more 

difficult to identify globally optimal dispatch outcomes within reasonable time 

frames. Moreover, even in the absence of non-convexities, algorithms like 

EUPHEMIA—which lack a full representation of transmission constraints—

cannot guarantee physically feasible dispatch solutions. As a result, redispatch 

costs remain high because the initial market outcome does not reflect real grid 

conditions.  

3. FBMC and Its Limitations: FBMC, which is currently used in European markets 

to optimize cross-border exchanges, does not fully integrate real-time grid 

constraints. As a result, FBMC can lead to: 

• Inefficient dispatch patterns, requiring extensive redispatch corrections. 

• Congestion spillovers between bidding zones, as market-clearing algorithms 

fail to consider all internal grid bottlenecks. 

4. Potential Solutions to Complexity Issues: Increasing spatial granularity (e.g., 

smaller bidding zones or LMP) could reduce redispatch reliance but requires 

more advanced optimization techniques. Proposals for MIP models have been 

made to improve market clearing under non-convex conditions, but their 

computational feasibility remains uncertain. There is growing interest in parallel 

computing improvements and AI-driven market optimization models to address 

the increasing complexity of multi-part bidding in RES-heavy markets. 

Lété et al. (2022) confirm that EUPHEMIA faces challenges in handling non-

convex bids and the added complexity of flow-based market coupling (FBMC). One 

consequence of this setup is the occurrence of paradoxically rejected bids—economically 

viable offers that are excluded from the market outcome—not necessarily due to 
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computational limits, but because side payments such as make-whole payments are not 

permitted in the European market design. As a result, the algorithm must reject certain bids 

to maintain uniform pricing. Despite these limitations, Lété et al. argue that Europe’s 

current zonal pricing framework is already highly complex, suggesting that a transition to 

nodal pricing may not be significantly more burdensome than commonly assumed. 

Paradoxically Rejected Bids: Causes and Market Consequences 

Paradoxically rejected non-convex bids occur when bids that would increase social 

welfare are excluded from the market outcome—not because of computational limitations, 

but due to the design of the European market-clearing mechanism. In markets without side 

payments—such as make-whole payments used in the U.S.—bids that are not individually 

profitable cannot be accepted, even if they would contribute to a more efficient dispatch 

overall. This constraint leads to welfare-reducing outcomes that are a design feature of the 

market rather than a flaw in the algorithm's ability to handle non-convexities (European 

Commission Joint Research Centre, 2024). This issue is especially prevalent in markets 

that use simple or block bidding formats, as they do not fully capture operational 

constraints (Ashour Novirdoust, Rajon, et al., 2021). The adoption of multi-part bidding 

can help mitigate this issue by providing additional operational details to the market-

clearing process. 

A study by the European Commission JRC (2024) propose the following key 

findings: 

• Definition and Occurrence: Paradoxically rejected non-convex bids occur when 

economically beneficial bids are excluded due to market-clearing limitations. This 

issue is particularly common in zonal markets, where the market-clearing process 

does not fully reflect internal grid constraints. 
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• Impact on Redispatch: These rejected bids increase the need for redispatch, as the 

market does not initially select the most cost-effective generation mix. Multi-part 

bidding can help mitigate this issue by allowing generators to better reflect 

operational constraints. 

• Computational Complexity in EUPHEMIA: The EUPHEMIA algorithm struggles 

with non-convexities introduced by block bids and complex bidding structures. 

These challenges can result in inefficiencies, including suboptimal dispatch 

decisions and increased reliance on out-of-market interventions. 

Eicke & Schittekatte (2022) argue that these inefficiencies are symptomatic of 

zonal pricing systems, which fail to account for the physical realities of the grid. They 

contend that nodal pricing—particularly when combined with multi-part bidding—offers a 

more accurate reflection of generator constraints and significantly reduces the occurrence 

of paradoxically rejected bids, thereby improving market efficiency. 

The Role of Demand-Side Flexibility in Grid Optimization 

Demand-side flexibility plays a crucial role in integrating RES and maintaining grid 

stability. As RES penetration increases, aligning electricity demand with fluctuating supply 

becomes essential to prevent imbalances and costly redispatch measures. To achieve this, 

dynamic tariff models, adjustments to network charges, and flexible consumption 

options—such as sector coupling, electric vehicle charging, and hydrogen electrolysis—are 

required (Bundesministerium für Wirtschaft und Klimaschutz, 2024). 

Granular bidding structures can facilitate greater demand-side participation by 

offering more accurate price signals, encouraging consumers to adjust their consumption in 

response to real-time grid conditions. However, in zonal pricing systems, these signals may 

be too coarse to guide flexible demand in a grid-beneficial direction. As a result, flexible 
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loads—such as electric vehicle charging or hydrogen electrolysis—can be incentivized to 

increase consumption in already congested areas, inadvertently worsening the need for 

redispatch. This misalignment is a core limitation of zonal pricing. In contrast, nodal 

pricing inherently sends locationally efficient signals, ensuring that flexible demand 

contributes to relieving rather than exacerbating congestion. 

Findings from the European Commission JRC (2024) highlight how demand-side 

flexibility can influence redispatch requirements. The study models the impact of three 

major flexible demand sources: 

• Electric Vehicles  

• Heat Pumps 

• Hydrogen Electrolysis 

The study examines whether shifting electricity demand in response to market 

signals can help alleviate grid congestion or, conversely, worsen redispatch needs 

depending on where the flexible demand is located. 

The impact of different demand-side flexibility options on redispatch needs varies 

significantly: 

1. Heat Pumps & Electric Vehicles 

• The study found that shifting electricity consumption from heat pumps and EV 

charging had only a small impact on redispatch requirements. 

• In some cases, flexible consumption reduced redispatch by absorbing excess RES 

generation in congested areas, preventing curtailment. 

• However, the location and timing of demand shifts remain critical—if consumption 

increases in an already congested zone, it may further stress the grid instead of 

alleviating congestion. 
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2. Hydrogen Electrolysis: A Redispatch Driver? 

• Unlike heat pumps and EVs, hydrogen electrolysis significantly exacerbates 

redispatch needs. 

• In the Business-As-Usual scenario, electrolyzers could add up to 78 TWh of 

redispatch by 2040, meaning that 10–14% of total redispatch needs in 2040 could 

be directly attributed to misaligned hydrogen production locations. 

• The study warns that current EU regulations—which only require that hydrogen is 

produced within the same bidding zone—are insufficient to prevent misaligned 

electrolyzer siting. Electrolyzers might be placed on the “wrong” side of 

transmission bottlenecks, worsening congestion rather than alleviating it. 

These findings highlight that while demand-side flexibility can help balance the 

grid, its effectiveness depends on how well its location aligns with congestion patterns. 

While flexible demand sources such as EV charging and hydrogen electrolysis are 

often seen as potential solutions to grid congestion, Eicke & Schittekatte (2022) caution 

that without appropriate locational signals, flexible demand may instead exacerbate 

congestion. 

Their research suggests that nodal pricing provides stronger incentives for demand-

side flexibility to locate in grid-beneficial areas, thus reducing redispatch needs and 

improving overall system efficiency. 

By aligning demand shifts with real-time congestion constraints, nodal pricing 

encourages a more cost-effective use of flexible consumption resources. Without such 

locational pricing mechanisms, misaligned flexible demand may become an additional 

driver of redispatch costs. 
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Implications of Bidding Structures for Market Design and Policy  

The choice of bidding structure has significant implications for market design, 

regulatory frameworks, and policy development. The effectiveness of market mechanisms 

in managing congestion, ensuring efficient dispatch, and integrating RES depends on the 

ability of bidding structures to align with physical grid constraints. 

Bidding Zone Configurations in the EU: Strengths and Limitations  

Electricity markets in the EU primarily operate under a zonal market design, where 

bidding zones are often defined by national borders. In this system, electricity consumers 

and producers submit bids on exchanges, and all bids are aggregated regardless of their 

physical location. As a result, each bidding zone establishes a single uniform market price 

(Ashour Novirdoust, Bichler, et al., 2021). 

Unlike the U.S. electricity market, where Independent System Operators (ISOs) 

manage both market operations and grid management, the EU model separates these 

responsibilities. TSOs own and manage the physical grid infrastructure, while Nominated 

Electricity Market Operators (NEMOs) run the electricity trading platforms. Even when 

multiple NEMOs operate within the same bidding zone, their order books are merged 

before market clearing, ensuring a uniform price for all market participants (Ashour 

Novirdoust, Bichler, et al., 2021). While this approach facilitates cross-border trading and 

market integration, its rigid zonal structure can introduce inefficiencies that undermine grid 

reliability and RES integration. 

Several studies highlight that poorly defined bidding zones amplify congestion and 

increase redispatch costs. Wu et al. (2024) argue that inadequate bidding zone 

configurations can increase congestion costs, reduce grid reliability, and limit RES 

integration. Byers & Hug (2020) further demonstrate that even FBMC—a refinement of the 
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zonal approach—relies on simplified grid representations, leading to significant variations 

in total system costs depending on modeling assumptions. The Redispatch and Congestion 

Management (2024) report quantifies these inefficiencies, projecting that redispatch 

volumes in the EU could reach up to 809 TWh by 2040, even with ambitious grid 

expansion. If the current zonal structure remains unchanged, redispatch costs could exceed 

€103 billion per year. 

Despite the goal of improving market efficiency, FBMC still struggles to fully 

account for grid constraints. Eicke & Schittekatte (2022) provide empirical evidence that 

FBMC, while an improvement over traditional zonal pricing, fails to internalize 

transmission constraints effectively. Aravena et al. (2021) argue that the computational 

burden of FBMC is already high due to discretionary parameters such as Generation Shift 

Keys, meaning that transitioning to nodal pricing may not increase complexity as much as 

often assumed. They further suggest that the current EU bidding zone structure is 

politically driven rather than technically optimized, reinforcing concerns about regulatory 

resistance to nodal pricing adoption. 

The Capacity Allocation and Congestion Management framework establishes key 

criteria for defining bidding zones, including economic welfare, market liquidity, 

competition, network topology, planned network reinforcement, and redispatch costs (Wu 

et al., 2024). However, the European Commission Joint Research Centre (2024) suggests 

that bidding zone reviews do not place enough emphasis on congestion management. The 

study argues that introducing more granular pricing mechanisms, such as nodal pricing or 

smaller bidding zones, could help reduce reliance on redispatch and improve investment 

efficiency. 
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Modeling choices significantly impact redispatch costs and market efficiency. 

Byers & Hug (2020) show that, depending on the base case assumptions used in FBMC 

simulations, the additional costs of the zonal market design—relative to a nodal 

benchmark—can vary by more than fivefold, underscoring the sensitivity of zonal 

outcomes to modeling parameters. Common modeling approaches, such as net-zero zonal 

net positions or ATC-based capacity calculations, necessarily result in equal or higher 

redispatch costs compared to nodal pricing benchmarks, which inherently eliminate the 

need for redispatch. While ENTSO-E emphasizes market concentration, liquidity, and price 

signals in assessing bidding zone configurations, Wu et al. (2024) argue that congestion 

management and redispatch costs should be weighted more heavily in future evaluations. 

While there is a growing body of research exploring zonal market inefficiencies and 

the potential benefits of nodal pricing, comprehensive long-term comparisons between 

FBMC and nodal pricing across multiple time horizons remain limited. Further studies 

could deepen the understanding of the long-term cost-effectiveness of FBMC versus nodal 

pricing, evaluate the trade-offs between periodic bidding zone adjustments and a full 

transition to nodal pricing, and examine the stakeholder resistance and regulatory barriers 

that continue to hinder the adoption of more granular pricing mechanisms. 

The Role of FBMC in European Market Integration 

FBMC is a core mechanism used in the European electricity market to optimize 

cross-border capacity allocation while attempting to improve market efficiency. However, 

multiple studies highlight that FBMC, despite being an enhancement over traditional 

Available Transfer Capacity Market Coupling (ATCMC), still suffers from significant 

inefficiencies when it comes to congestion management and real-time market corrections. 
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Aravena et al. (2021) demonstrate that both FBMC and ATCMC struggle to 

anticipate congestion in inter-zonal and intra-zonal transmission lines. Their findings align 

with concerns that portfolio bidding lacks the granularity needed for efficient dispatch, 

leading to increased redispatch costs and inefficient market outcomes. Their empirical 

simulations indicate that while FBMC and ATCMC produce nearly identical total system 

costs (a difference of just 0.01%), a nodal market design improves overall efficiency by 

5.09% compared to FBMC. These results strongly reinforce the argument that unit-level 

bidding, particularly when combined with locational pricing, enhances dispatch efficiency 

and reduces reliance on redispatch. 

Further analysis by Aravena et al. (2021) provides empirical evidence that FBMC 

and ATCMC contribute to: 

• Higher real-time system costs due to inefficient day-ahead scheduling, as FBMC 

does not fully reflect real transmission constraints in its market-clearing process. 

• Overloading of both inter-zonal and intra-zonal transmission lines, increasing 

redispatch needs and costs. 

• Suboptimal commitment of slow-ramping generators, such as coal and nuclear, in 

the day-ahead market, leading to expensive real-time corrections via fast-ramping 

generators, such as gas-fired plants. 

These findings further reinforce the argument that the effectiveness of European 

market integration efforts depends on how well market structures reflect real-time grid 

conditions. While FBMC has been positioned as an improvement over previous capacity 

allocation mechanisms, it still lacks the locational differentiation necessary to align 

dispatch decisions with actual grid constraints. In this regard, a transition toward nodal 
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pricing, which integrates unit-level bidding and LMP, offers a more effective means of 

reducing redispatch costs and ensuring efficient grid management. 

By providing a clearer understanding of how different bidding structures impact 

TSOs, generators, and consumers, these insights further emphasize the need for a more 

granular approach to market design. Rather than relying on market-clearing algorithms that 

do not fully capture transmission constraints, adopting a pricing mechanism that 

incorporates locational information would lead to more accurate investment signals and 

lower real-time correction costs, ultimately benefiting all market participants. 

Key Challenges in Transitioning to Nodal Pricing  

Nodal pricing increases market granularity, which can raise concerns about reduced 

liquidity at individual nodes due to fewer market participants (Ashour Novirdoust, Bichler, 

et al., 2021). Lower participation at specific nodes may lead to greater observed price 

volatility and raise fears of market manipulation, as noted in the Redispatch and 

Congestion Management study (European Commission Joint Research Centre, 2024). 

However, high or volatile nodal prices are not inherently problematic—they reflect true 

local system conditions and serve as efficient economic signals. When appropriate hedging 

instruments, such as FTRs to trading hubs, are available, market participants can 

effectively manage locational risk. Evidence from U.S. markets like PJM shows that robust 

liquidity in nodal markets is achievable, particularly when supported by well-designed 

financial products. 

Table 1: Overview of Key Challenges in Transitioning to Nodal Pricing 
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Challenge Description 

Liquidity 

Fragmentation 

Increased market granularity may reduce liquidity at 

individual nodes, leading to potential price volatility and 

market power risks. 

Market Power and 

Strategic Bidding 

Nodal pricing addresses key inefficiencies in zonal markets; 

remaining market power concerns are more transparent and 

manageable than strategic behaviors like inc-dec gaming in 

zonal redispatch. 

Hedging and Risk 

Management 

Nodal pricing increases price granularity, making hedging 

more complex and requiring new financial instruments to 

manage basis risk. 

Price Volatility More granular price signals can lead to short-term 

fluctuations, but these also serve as incentives for flexibility 

assets and storage. 

Regulatory and 

Infrastructure 

Costs 

Transitioning requires significant upgrades to IT 

infrastructure, market-clearing mechanisms, and regulatory 

frameworks. 

Political and 

Stakeholder 

Resistance 

Incumbent players and some EU member states benefiting 

from zonal pricing may resist reforms, delaying 

implementation. 

Computational 

Complexity 

Increased granularity requires advanced optimization tools, 

but existing market-clearing algorithms may already handle 

comparable complexity. 

Investment 

Uncertainty 

The transition may create uncertainty for investors, 

especially regarding long-term price signals and market 

design stability. 

However, Eicke & Schittekatte (2022) argue that concerns about liquidity 

fragmentation are overstated. Their analysis shows that market power exists in both zonal 

and nodal markets, but in zonal markets, it is exacerbated by strategic bidding behaviors in 
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redispatch mechanisms. Specifically, nodal pricing eliminates the Inc-Dec gaming 

observed in zonal redispatch markets, where generators deliberately bid in ways that will 

later be reversed at a profit. Additionally, U.S. nodal markets have successfully employed 

market power mitigation mechanisms, such as ex-ante monitoring and bid caps, which 

could be adapted to the European context. 

Another critical concern is that nodal pricing might fragment liquidity by dispersing 

market participants across many nodes. However, the experience of U.S. markets, such as 

PJM, suggests otherwise. Trading hubs and financial hedging instruments (e.g., Financial 

Transmission Rights, (FTRs)) allow participants to hedge locational price risk effectively, 

maintaining overall market liquidity. (Eicke & Schittekatte, 2022) Contrary to fears that 

liquidity would dry up, nodal markets often see increased forward market activity, as 

participants actively hedge against price volatility. 

Lété et al. (2022) confirm that liquidity concerns are frequently debated in nodal 

market adoption but argue that these concerns are often overstated in practice. They 

highlight that financial instruments like FTRs and trading hubs play a crucial role in 

maintaining market liquidity. Unlike Eicke & Schittekatte (2022), who focus on strategic 

bidding, Lété et al. (2022) emphasize the investment implications of nodal pricing, arguing 

that inefficient plant siting under zonal pricing is a greater risk than potential liquidity 

fragmentation. Their analysis provides empirical evidence that nodal markets improve 

forward market activity by offering transparent price signals and effective hedging 

instruments. 

Price volatility is another commonly cited concern. Since nodal pricing reflects 

real-time grid conditions, it can cause localized price fluctuations, particularly in areas with 

few market participants (Ashour Novirdoust, Bichler, et al., 2021). However, rather than 
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being a disadvantage, volatility serves as an investment signal for flexibility assets like 

batteries and demand-side resources. These assets rely on volatility to create arbitrage 

opportunities, incentivizing storage deployment and load shifting. 

Concerns over liquidity in futures markets have also been raised, suggesting that an 

increase in the number of pricing nodes could reduce trading volumes at each location, 

complicating hedging strategies (Ashour Novirdoust, Bichler, et al., 2021). However, 

empirical evidence from PJM suggests that futures markets remain liquid and efficient 

despite the high spatial granularity of nodal pricing. Financial instruments like FTRs have 

facilitated participation while maintaining robust investment signals. The Redispatch and 

Congestion Management (2024) report acknowledges that European markets currently lack 

well-developed financial instruments tailored for high-spatial-granularity pricing. This 

suggests that regulatory adjustments will be needed to introduce FTRs, contracts for 

differences (CfDs), and nodal hedging products to ensure market liquidity during the 

transition. 

Eicke & Schittekatte (2022) further reinforce that price volatility in nodal markets is 

not inherently negative but serves as a crucial investment signal. They highlight that 

liquidity concerns are mitigated by trading hubs similar to those in PJM and ERCOT, 

which allow market participants to hedge price risks effectively. 

Nodal pricing complicates hedging strategies due to increased price granularity 

(European Commission JRC, 2024). Market participants face basis risk, the price 

difference between their location and the reference price of hedging instruments. Managing 

this risk may require trading financial instruments covered by the MiFID II directive, 

adding regulatory obligations (Ashour Novirdoust, Bichler, et al., 2021). 
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The Redispatch and Congestion Management (2024) report suggests that FTRs 

could help manage basis risk. However, introducing FTRs in a European nodal market 

would require substantial regulatory adaptation. 

Eicke & Schittekatte (2022) emphasize that basis risk is not unique to nodal pricing 

but already exists in zonal markets due to redispatch-induced price distortions. They argue 

that FTRs and locational swaps, widely used in the U.S., effectively manage basis risk. 

Lété et al. (2022) agree that basis risk is not an inherent flaw of nodal pricing but 

rather a function of market design. They emphasize that redispatch mechanisms in zonal 

markets also create basis risk, but in a less transparent manner. Their study finds that in 

well-functioning nodal markets like PJM, investment stability is higher than in zonal 

markets due to stronger price signals and reduced regulatory uncertainty. 

Shifting to nodal pricing requires substantial investments in market infrastructure, 

software, and regulatory adjustments (Ashour Novirdoust, Bichler, et al., 2021). However, 

studies suggest that long-term efficiency gains outweigh these initial costs. 

Eicke & Schittekatte (2022) challenge the assumption that nodal pricing is 

computationally burdensome, arguing that Europe’s current EUPHEMIA market-clearing 

algorithm already faces significant complexity due to block bids and non-convexities. They 

suggest that nodal pricing could simplify market clearing by integrating MPBs and 

locational clearing, reducing inefficiencies in redispatch. 

The Redispatch and Congestion Management report (European Commission Joint 

Research Centre, 2024) estimates that transitioning to a fully nodal system could take at 

least a decade due to the required infrastructure and computational upgrades. However, 

studies show that U.S. markets that switched from zonal to nodal pricing recouped 
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implementation costs within one year due to operational efficiencies (Triolo & Wolak, 

2022). 

Lété et al. (2022) highlight that while the upfront costs of implementing nodal 

pricing are substantial, the hidden and recurring costs of maintaining zonal systems—such 

as inefficient redispatch, market fragmentation, and regulatory complexity—make nodal 

pricing a more cost-effective long-term solution. Moreover, no electricity market has 

transitioned away from nodal pricing once adopted, whereas zonal systems continue to 

require frequent adjustments. This enduring stability reflects the efficiency of nodal pricing 

and the lack of incentives to revert to less granular designs. 

Regulatory challenges also arise due to political resistance. Achieving consensus 

across EU member states is challenging due to differing national interests, regulatory 

structures, and market development levels (Ashour Novirdoust, Bichler, et al., 2021). The 

JRC report notes that stakeholder resistance, particularly from countries benefiting from 

current zonal designs, could delay reform efforts (European Commission JRC, 2024). 

Eicke & Schittekatte (2022) argue that frequent bidding zone reviews create 

investment uncertainty and are a poor alternative to nodal pricing. Instead of continuously 

adjusting zones, they propose a one-time transition to nodal pricing, ensuring long-term 

market stability. Lété et al. (2022) further argue that bidding zone reviews fail to resolve 

congestion issues, reinforcing the need for a transition to nodal pricing. 

The Role of Stakeholders in Electricity Market Transitions  

The transformation of electricity markets toward more complex and efficient 

systems requires a reevaluation of stakeholder roles. Key actors—generators, regulators, 

grid operators, and consumers—must adapt to evolving market designs, regulatory 
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requirements, and operational challenges. Successful market transitions depend on how 

these stakeholders engage, coordinate, and respond to new market structures. 

Evolving Stakeholder Roles in Electricity Market Reform  

As electricity markets shift toward more granular pricing and complex bidding 

structures, stakeholders must redefine their roles. Ashour Novirdoust et al. (2021) 

emphasize that greater market complexity necessitates stronger stakeholder engagement to 

align market mechanisms with policy objectives and operational realities. 

The European Commission’s Clean Energy for All Europeans Package highlights 

that collaboration between regulators, grid operators, and market participants is crucial for 

successfully integrating RES (European Commission, 2019). The package encourages 

active participation in National Energy and Climate Plans (NECPs) to ensure a cohesive 

policy approach across EU member states. 

Newbery et al. (2018) examine how stakeholder roles evolve as the electricity 

market transitions to a high-RES system. Their findings suggest that market designs must 

be tailored to country-specific conditions, balancing diverse stakeholder interests while 

enabling cross-border electricity trade. They emphasize the need for enhanced 

interconnections, demand-side flexibility, and RES support mechanisms, all of which 

require strong regulatory coordination. 

Chaves-Ávila et al. (2014) highlight that inefficient bidding structures during 

congestion events impact Balance Responsible Parties (BRPs) and System Operators. 

When price signals fail to reflect grid constraints, stakeholders may adopt suboptimal 

bidding strategies, exacerbating congestion and increasing redispatch needs. Their study 
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suggests that multi-part bidding structures could improve market efficiency by aligning 

stakeholder incentives with actual grid conditions. 

Aravena et al. (2021) question whether the EU should focus on expanding FBMC 

or transition directly to nodal pricing. Their analysis argues that if the long-term goal is a 

nodal market design, incremental reforms such as FBMC may not be worth the effort. This 

raises a broader regulatory question: should policymakers invest in refining zonal pricing 

models or move directly toward a nodal framework despite political resistance? 

Joskow (2024) further explores how stakeholder roles evolve in response to 

regulatory and technological advancements. In the U.S., performance-based regulation 

(PBR) reshaped the responsibilities of TSOs, regulators, and market participants. This 

transition mirrors developments in Europe, where stakeholders must adapt to more granular 

pricing and sophisticated bidding structures. 

While Ashour Novirdoust et al. (2021) emphasize stakeholder engagement as a key 

enabler of market transitions, (Joskow, 2024) argues that regulatory and financial 

incentives play a more significant role than voluntary cooperation. His findings suggest 

that market reforms succeed not through voluntary engagement alone but through 

performance-based mechanisms that align financial incentives with system efficiency 

goals. 

Joskow (2024) builds on the conclusions of Aravena et al. (2021) by emphasizing 

that a direct transition to LMP may offer greater long-term efficiency compared to gradual 

market adjustments. Drawing on evidence from U.S. markets, he highlights how phased 

adoption of nodal pricing successfully reduced congestion and improved market 

performance—reinforcing the case for a regulated, incentive-driven transition to nodal 

pricing in Europe.  
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Stakeholder Engagement Strategies for Market Reform  

Effective stakeholder engagement is critical in implementing advanced bidding 

structures and market reforms. Wu et al. (2024) emphasize that collaboration among 

stakeholders was instrumental in the successful adoption of unit-based bidding in Italy. 

Their findings suggest that clear communication and cooperation are necessary to address 

implementation challenges and maximize the benefits of market design changes. 

The transition to LMP and multi-part bidding requires stakeholders—including 

TSOs, power exchanges, and market participants—to redefine their roles (Ashour 

Novirdoust, Rajon, et al., 2021). TSOs must assume greater responsibility for grid 

optimization as pricing mechanisms become more localized. Power Exchanges must 

develop new computational capabilities to accommodate complex bidding formats. Market 

participants (generators and consumers) must adjust to new pricing signals that better 

reflect real-time transmission constraints. 

Joskow (2024) partially supports Wu et al. (2024), agreeing that stakeholder 

collaboration is crucial for adopting advanced bidding structures. However, he argues that 

engagement alone is insufficient unless paired with financial incentives and regulatory 

enforcement. 

Evidence from U.S. market transitions to LMP suggests that stakeholder 

participation remained limited until financial incentives were introduced. This highlights an 

important lesson for European policymakers: Germany’s market reform efforts should not 

rely solely on voluntary engagement but must include clear regulatory mandates and 

economic incentives to drive participation. 
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Joskow (2024) also examines how TSOs and power exchangess adapted to market 

complexity in the U.S. under PBR-based electricity markets. His findings parallel the 

evolving role of European TSOs as they transition to more granular bidding structures: 

• U.S. TSOs had to assume increased responsibility for congestion management 

under PBR models, much like European TSOs adapting to locational pricing. 

• Ashour Novirdoust et al. (2021) focus on the operational responsibilities of TSOs, 

whereas Joskow (2024) highlights the financial and regulatory incentives needed to 

ensure cooperation in market transitions. 

• Germany’s Bundesnetzagentur could draw from U.S. experiences by incorporating 

performance-based incentives into the regulatory framework. This would ensure 

that TSOs actively support market transitions rather than resisting them. 

Gap Analysis and Future Research Directions 

Despite extensive research on bidding structures, stakeholder roles, regulatory 

frameworks, and lessons from Italy, key areas require further exploration to address gaps in 

the literature. The implementation of MPBs in Germany, in particular, remains 

underexplored, with questions regarding market dynamics, regulatory feasibility, and long-

term efficiency still unanswered. 

Long-Term Impacts of Multi-Part Bids 

There is limited research on how MPBs influence market stability, consumer prices, 

and investment signals over extended periods. While short-term benefits of more granular 

pricing and enhanced dispatch efficiency are well-documented, long-term effects on 

investment behavior, volatility, and overall market liquidity remain uncertain. 
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• Richstein et al. (2018) identify a gap in analyzing how multi-part bidding mitigates 

inefficiencies arising from non-convexities, particularly in markets that currently 

rely on simple bidding structures. 

• Further research should examine how multi-part bidding affects investment 

certainty, particularly in high-RES environments where price fluctuations are more 

pronounced. 

• Germany's transition to more granular bidding mechanisms provides an opportunity 

to study how multi-part bidding impacts forward market stability and long-term 

investor confidence. 

Integration of RES into Unit-Based Bidding Systems 

The integration of RES into unit-based bidding systems remains an underexplored 

area, particularly in the context of German market design. The variability and intermittency 

of RES introduce challenges in market coordination, requiring further analysis of how 

multi-part bidding can accommodate renewable generation effectively. 

• Ashour Novirdoust et al. (2021) emphasize the need to explore how RES variability 

can be efficiently integrated into multi-part bidding frameworks, particularly 

regarding forecasting accuracy, flexibility requirements, and system balancing. 

• Newbery et al. (2018) highlight a lack of studies on how multi-part bidding 

structures affect grid resilience and long-term system stability in high-RES markets. 

• Germany’s potential transition to unit-level bidding raises questions about how RES 

participation will be structured, including whether existing support schemes (such 

as feed-in tariffs or CfDs) will need to be adapted.. 
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Impact of Imbalance Pricing on Congestion Management 

A significant gap in the literature concerns the interaction between imbalance 

pricing and congestion management. While marginal pricing is theoretically the most 

efficient mechanism for balancing supply and demand, its practical application becomes 

more complex when considering non-convexities in generation costs, grid constraints, and 

redispatch requirements. The effectiveness of imbalance pricing mechanisms in reducing 

redispatch and congestion costs remains insufficiently explored. 

• Chaves-Ávila et al. (2014) highlight that adverse imbalance pricing signals can lead 

to inefficient bidding behaviors, exacerbating rather than alleviating grid 

congestion. 

• Absent non-convexities, marginal pricing alone would provide economically 

efficient outcomes. However, in real-world markets with unit commitment 

constraints, start-up costs, and minimum load requirements, marginal pricing can 

create inefficiencies by failing to fully compensate generators for their true 

operating costs. 

• Research should investigate whether more dynamic imbalance pricing mechanisms, 

particularly those linked to locational signals, could help reduce redispatch needs           

and improve congestion management. 

• Future studies should evaluate whether adjusting imbalance pricing to reflect 

locational constraints could improve dispatch efficiency while maintaining the 

benefits of marginal pricing as the baseline mechanism. 
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Enhancing Grid Resilience and Risk Preparedness 

Regulation (EU) 2019/941 on risk preparedness in the electricity sector emphasizes 

the importance of enhanced market designs in ensuring grid stability during extreme 

events. However, the role of multi-part bidding in enhancing grid resilience remains largely 

unexplored. 

• Studies should examine whether MPBs could contribute to better risk allocation 

mechanisms, particularly for demand-side flexibility, energy storage, and 

emergency reserves. 

• Regulation (EU) 2019/941 suggests that improved market structures can reduce 

disruption risks, but more research is needed to determine whether multi-part 

bidding leads to better risk preparedness and lower system costs. 

• Germany’s market design could provide a valuable case study for assessing how 

multi-part bidding impacts system reliability under increasing RES penetration. 

Stakeholder Adaptation to Advanced Market Designs 

The transition to multi-part bidding and nodal pricing requires significant 

adaptation from stakeholders, including TSOs, power exchanges, market participants, and 

policymakers. However, existing literature offers little guidance on how different 

stakeholders adjust their operational and investment strategies under these conditions. 

• Madani and Vyve (2021) highlight that non-convexities in electricity markets 

remain underexplored, particularly in the context of market design and algorithmic 

efficiency. However, as Byers and Hug (2022) argue, the relevance of non-

convexities may diminish over time with the increasing share of wind and solar 

generation—technologies that typically exhibit more convex cost structures. This 
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shift underscores the growing importance of locational pricing mechanisms to 

address congestion and variability, rather than focusing solely on resolving non-

convex bidding complexities. (Byers & Hug, 2022) 

• More studies are needed to analyze how market liquidity, participation rates, and 

strategic bidding behaviors evolve when stakeholders transition from simpler 

bidding formats to multi-part structures. 

• Germany’s transition to more advanced bidding structures could serve as a test case 

to examine whether stakeholder resistance is primarily driven by technical concerns 

or regulatory inertia. 

Policy Implications and Regulatory Alignment 

While Germany has proposed market-aligned incentives such as CfDs with claw-

back mechanisms, the interaction between such instruments and advanced bidding 

structures like multi-part bids remains underexplored in the literature. Both CfDs and 

multi-part bidding aim to stabilize investment signals, yet they operate through different 

mechanisms—CfDs through price certainty, and multi-part bids through more accurate 

cost-reflective dispatch. Understanding how these instruments interact is critical, especially  

in the context of evolving market structures. 

• Future research should examine whether Germany’s proposed CfD framework is 

compatible with the introduction of multi-part bidding, or whether additional 

regulatory adjustments—such as enhanced locational signals or improved 

coordination between forward and spot markets—are needed to ensure a coherent 

incentive structure. 
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• CfDs raise broader design challenges regardless of whether they are deployed in 

zonal or nodal systems, particularly when the government effectively determines 

the quantity of renewable deployment. As highlighted by Newbery (2023), Schlecht 

et al. (2024), and Neuhoff et al. (2023), issues such as distorted locational 

incentives, misalignment with market prices, and investment inefficiencies must be 

addressed to make CfDs incentive-compatible.  

• Comparative studies on policy integration across different market structures (e.g., 

nodal pricing with CfDs in the U.S. vs. FBMC in Europe) could help identify best 

practices for Germany’s regulatory framework. 

• Assessing the impact of regulatory uncertainty on investment decisions under multi-

part bidding scenarios could provide valuable insights for policymakers. 
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Chapter III. 

Research Methodology 

In this chapter, I outline the research methodology employed to achieve the thesis 

objectives. The study utilizes a qualitative comparative case study approach to analyze the 

regulatory and stakeholder implications of introducing MPBs in Germany's electricity 

market, drawing lessons from Italy's implementation experience. 

The research adopts a qualitative comparative analysis between Germany and Italy 

to explore how different bidding structures affect electricity market outcomes. By focusing 

on these two countries, the study aims to understand the influence of bidding mechanisms 

on market efficiency, stakeholder roles, and regulatory frameworks. The case study 

approach allows for an in-depth examination of each country's market design within its 

specific regulatory and economic context. 

Data were collected through a comprehensive review of secondary sources, 

including academic literature, policy papers, regulatory documents, and reports from 

energy agencies and industry bodies. This qualitative data provided insights into the market 

designs, regulatory frameworks, and stakeholder perspectives in both Germany and Italy. 

The sources included: 

• Academic Literature: Peer-reviewed journal articles and conference papers 

discussing bidding structures, market efficiency, and regulatory issues in electricity 

markets. 

• Regulatory Documents: EU directives, national laws, policy papers, and guidelines 

that shape the electricity markets in Germany and Italy. 
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• Industry Reports: Publications from energy agencies, think tanks, and industry 

associations providing analyses of market performance, challenges, and 

developments. 

Germany and Italy were selected as case studies due to their contrasting approaches 

to electricity market design and their relevance to the research question. Germany operates 

a zonal market with portfolio-level bidding, while Italy employs a hybrid model featuring 

unit-based, multi-part bidding and elements of LMP. Italy's experience with price 

convergence and market efficiency under unit-based bidding provides a robust model for 

comparative analysis with Germany's electricity market.(Caporin et al., 2022) 

The selection was based on the following criteria: 

• Relevance: Both countries are significant players in the European electricity market 

and face similar challenges regarding renewable energy integration. 

• Contrasting Market Designs: The differing bidding structures offer valuable 

insights into how market design influences efficiency and stakeholder impacts. 

• Data Availability: There is a wealth of literature and regulatory documentation 

available for both countries, facilitating a thorough qualitative analysis. 

The comparative analysis framework involves systematically examining the bidding 

structures, stakeholder impacts, and regulatory environments of Germany and Italy. Key 

aspects considered include: 

• Market Design and Bidding Structures: Analyzing how portfolio-level bidding in 

Germany and unit-based bidding in Italy influence market operations, price signals, 

and grid management. 
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• Stakeholder Impacts: Assessing the effects of each bidding structure on generators, 

consumers, grid operators, and regulators, including how they address stakeholder 

needs and challenges. 

• Regulatory Frameworks: Evaluating the regulatory environments and policies that 

facilitate or hinder the adoption of advanced bidding mechanisms in each country. 

• Lessons Learned: Identifying best practices and potential challenges in 

implementing multi-part bids, drawing insights from Italy's experience that could 

inform Germany's market reforms. 

This framework allows for a comprehensive comparison that highlights the 

potential benefits and challenges of adopting MPBs in Germany. 

The data analysis was conducted using qualitative methods to evaluate the bidding 

structures and stakeholder impacts: 

• Content Analysis: A systematic examination of the collected literature and 

documents was performed to identify key themes, patterns, and relationships 

relevant to the research objectives. This included coding and categorizing 

information related to market designs, regulatory policies, and stakeholder 

perspectives. 

• Comparative Analysis: The information from Germany and Italy was compared and 

contrasted to highlight differences and similarities in market structures, regulatory 

approaches, and stakeholder implications. 

• Thematic Synthesis: Insights from the analysis were synthesized to develop a 

coherent narrative that addresses the research question and objectives. 

To ensure the validity and reliability of the research, multiple data sources were 

triangulated. By cross-referencing information from academic literature, regulatory 
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documents, and industry reports, the research mitigated biases and enhanced the credibility 

of the findings. The use of established analytical frameworks and adherence to rigorous 

qualitative research methodologies further strengthened the study's reliability. 

As the research is based entirely on secondary data from publicly available sources, 

there were minimal ethical concerns. All sources were appropriately cited, and academic 

integrity was maintained throughout the research process. 
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Chapter IV. 

Analysis of current bidding structures in Germany 

In this chapter, I analyze the current bidding structures in Germany's electricity 

market, focusing on the portfolio-level bidding system and its implications for market 

efficiency, stakeholder impacts, and grid management. I explore the limitations of the 

existing system, challenges such as redispatch costs and grid congestion, and consider 

potential benefits of transitioning to more granular bidding mechanisms, including MPBs 

and LMP. 

Overview of Portfolio-Level Bidding in Germany 

Germany's electricity market predominantly operates on a portfolio-level bidding 

system within a single national bidding zone. Producers aggregate their generation assets 

and submit collective bids without specifying individual unit constraints or locations. This 

approach simplifies bidding processes but lacks the granularity needed to reflect the 

physical realities of the grid, particularly with the high integration of intermittent RES 

(Ashour Novirdoust, Bichler, et al., 2021). 

In the day-ahead and intraday markets, portfolio-level bidding is widely used but 

often fails to respond effectively to fluctuating renewable generation. The focus on 

aggregated bids masks locational price signals, leading to grid congestion and an increased 

reliance on redispatch measures (Ashour Novirdoust, Rajon, et al., 2021). The EUPHEMIA 

algorithm, central to market clearing in Europe, struggles with increasing RES variability, 

raising concerns about computational efficiency and market transparency under the current 

bidding structure (Ashour Novirdoust, Rajon, et al., 2021). 
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Chaves-Ávila et al. (2014) highlight that Germany's single imbalance pricing 

mechanism, which operates without spatial differentiation, fails to reflect local congestion 

costs accurately. This lack of locational price signals hinders efficient grid management 

and contributes to high redispatch costs. The portfolio-level bidding structure limits the 

system's ability to send accurate price signals and manage grid congestion efficiently 

(Ashour Novirdoust, Rajon, et al., 2021). 

Eicke & Schittekatte (2022) examine the 2018 split of the German-Austrian-

Luxembourg bidding zone, assessing its impact on market liquidity. While Austrian 

liquidity declined, the liquidity of the German forward market remained stable, 

contradicting assumptions that smaller zones necessarily lead to market fragmentation. 

This supports the idea that Germany’s reluctance to reform its zonal pricing may be driven 

more by political concerns than economic or market efficiency reasons. Similarly, Joskow 

(2024) notes that resistance to market reforms in the U.S. stems not from technical 

limitations but from entrenched stakeholder interests. The German-Austrian bidding zone 

split reinforces the argument that Germany's reluctance to adopt more granular pricing 

structures is political rather than economic. 

Knörr et al. (2024) provide empirical evidence that Germany’s current zonal pricing 

model leads to significant redispatch costs due to the misalignment between market prices 

and actual grid constraints. Their simulations using the Bidding Zone Review (BZR) 

dataset show that congestion is often not limited to cross-zonal interconnectors but occurs 

within zones, contradicting the assumption that zonal pricing sufficiently internalizes 

transmission constraints. 

Furthermore, their study confirms that nodal pricing leads to the lowest total system 

cost, as it largely eliminates redispatch needs by incorporating grid constraints directly into 
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the market-clearing process. This supports the argument that the current portfolio-level 

bidding structure prevents an efficient allocation of resources and could benefit from a 

transition toward more granular bidding mechanisms (Knörr et al., 2024). 

These events underscore one of the critical limitations of Germany’s portfolio 

bidding system: the lack of real-time locational price signals, which results in inefficient 

dispatch decisions and improper balancing group management. The study identifies 

balance responsible party (BRP) behavior—including short selling and improper 

forecasting—as a major contributor to these imbalances. These findings reinforce the 

argument that Germany’s portfolio-based bidding model fails to ensure system security and 

economic efficiency (50hertz et al., 2019). 

Stakeholder Analysis: The Political Economy of Bidding Reform in Germany 

The transition to more granular bidding mechanisms in Germany—whether through 

MPBs, zonal reconfiguration, or a full shift to LMP—is not purely a technical challenge. It 

is a fundamentally political and economic issue, where different stakeholders stand to gain 

or lose depending on their exposure to redispatch costs, price volatility, and investment 

risk. 

Germany’s electricity market is currently structured around a single national 

bidding zone, which obscures physical grid constraints and leads to expensive redispatch 

measures. While this simplifies market participation for generators and traders, it also 

results in inefficiencies and cost misallocation (Knörr et al., 2024). The Bundesnetzagentur 

(BNetzA), as Germany’s energy regulator, must carefully balance market efficiency, 

affordability, and political feasibility when considering reforms. 
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A successful market transition will depend on how different stakeholders—

including generators, grid operators, consumers, and regulatory bodies—engage with the 

process. Each group has distinct interests, often in conflict with one another. While some 

stand to benefit from improved market efficiency, reduced redispatch costs, and better 

investment signals, others fear increased price volatility, higher operating risks, or reduced 

market liquidity. 

The following table summarizes key stakeholder positions on bidding reform, 

outlining their expected level of support or opposition based on their economic and 

strategic interests. 

Table 2: Stakeholder Positions on Bidding Reform (MPBs & LMPs) 

Stakeholder Position on 

MPBs/LMPs 

Key Interests & Concerns 

Renewable 

Generators 

Support (with 

safeguards) 

Want reduced curtailment & price signals, 

but worry about revenue volatility. 

Gas & Hydro 

Generators 

Generally 

Support 

Benefit from locational price signals, 

especially in constrained areas. 

Coal Generators Oppose Fear price volatility & reduced dispatch 

certainty. 

TSOs (Grid 

Operators) 

Mixed Support efficiency gains but require major 

IT & forecasting investments. 

Industrial 

Consumers 

Oppose Concerned about regional price disparities 

& cost unpredictability. 
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Stakeholder Position on 

MPBs/LMPs 

Key Interests & Concerns 

Households & 

SMEs 

Mixed Might face higher prices in constrained 

areas; fairness concerns. 

Regulators 

(BNetzA, 

BMWK) 

Cautious Balancing market efficiency, liquidity, and 

political resistance. 

EU Commission Support Pushes for stronger market-based 

congestion management. 

The subchapters that follow (4.2.1–4.2.4) will explore these stakeholder groups in 

greater detail, analyzing their incentives, concerns, and likely reactions to potential market 

reforms. This analysis highlights the political economy of market design changes, 

illustrating why implementing MPBs or LMPs in Germany is as much a question of 

regulatory negotiation and market adaptation as it is of technical feasibility. 

Generators: A Divided Landscape Between Renewables and Conventional Plants 

The impact of a transition to LMP or MPBs on German generators depends largely 

on their generation type, location, and operational flexibility. 

Renewable generators, particularly wind farms in northern Germany, are among the 

biggest losers under the current zonal pricing model. Grid congestion in the north leads to 

frequent wind curtailment—9.7 TWh of curtailed wind power in 2023 alone—meaning that 

wind energy is wasted instead of sold at market prices (Knörr et al., 2024). Because the 

portfolio bidding model does not differentiate by location, wind producers in congested 

areas do not receive price signals that would otherwise incentivize local storage, demand-

side flexibility, or investment in transmission expansion. Under an LMP model, wind 
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generators in high-congestion areas would face lower prices, potentially reducing revenue 

certainty—unless they adapt by co-locating with storage or entering long-term contracts. 

Coal and gas-fired power plants located in southern Germany currently benefit from 

the status quo, as they are frequently dispatched due to regional transmission constraints 

that limit electricity imports from the north. This structural advantage arises from 

Germany’s single bidding zone, which fails to differentiate between congested and 

uncongested areas, allowing conventional plants in the south to operate even when cheaper 

renewable generation is available elsewhere (Knörr et al., 2024; Bundesministerium für 

Wirtschaft und Klimaschutz, 2024). If Locational Marginal Pricing (LMP) were 

introduced, these generators would likely face more volatile price signals. During periods 

of congestion, local prices could spike—potentially increasing revenues for plants in 

constrained zones—but this would also expose operators to greater financial risk due to 

increased price variability. Gas-fired plants, particularly those with high operational 

flexibility such as Combined and Open Cycle Gas Turbines, could be well-positioned to 

benefit under an LMP regime. These technologies are capable of ramping production 

quickly and adjusting output in response to real-time price signals, making them ideal 

candidates to capture congestion-related price premiums (Richstein et al., 2018). The 

economic potential for such plants is especially high in southern Germany—particularly in 

Bavaria and Baden-Württemberg—where local generation shortfalls and grid bottlenecks 

frequently result in tight system conditions (International Energy Agency, 2020). LMP 

would make these constraints transparent to the market, providing stronger operational and 

investment signals for flexible capacity in these regions. 

The June 2019 imbalances documented by 50hertz et al. (2019) illustrate a critical 

flaw in Germany’s bidding system: BRPs can exploit the gap between day-ahead schedules 
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and real-time imbalances. Some BRPs intentionally delayed corrections to their trading 

positions, contributing to the 6,500 MW shortfall on June 25, 2019, despite accurate 

renewable forecasts (50hertz et al., 2019). With LMP, such strategic scheduling 

manipulations would be harder to execute, as BRPs would face stronger locational 

penalties for imbalances. 

The resulting implications for Generators can accordingly be summarized as 

follows: 

1. RES developers may advocate for additional risk mitigation tools—such as capacity 

payments, CfDs, or other hybrid policy instruments—to stabilize revenues in the 

face of locational price volatility under LMP. While some may also pursue market-

based strategies like forward contracting, these alone may not sufficiently hedge 

against spatial and temporal price fluctuations, particularly in congested areas. 

2. Gas and hydro operators would likely favor LMP, as their operational flexibility 

positions them well to capitalize on localized price spikes. In contrast, coal-fired 

plants—with higher ramping constraints and less dispatch flexibility—may resist 

such changes due to increased revenue uncertainty. 

3. Incumbent utilities (e.g., RWE, EnBW) may oppose reforms that expose their 

legacy assets to locational price risk, particularly those operating in currently 

protected or redispatch-prone areas.. 

Grid Operators: The Trade-Off Between Operational Stability and Market Reform 

Grid operators, particularly TSOs such as 50Hertz, Amprion, TenneT, and 

TransnetBW, are responsible for ensuring system stability and congestion management. 

Under Germany’s current zonal bidding structure, TSOs rely heavily on redispatch 
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measures to address congestion after market clearing, which leads to high operational costs 

and inefficient resource allocation. 

Grid operators must intervene in real time to resolve market-clearing decisions that 

fail to reflect physical grid constraints, a consequence of portfolio-level bidding and the 

absence of locational price signals. Without these signals, the market is unable to manage 

regional transmission bottlenecks, forcing TSOs to use administrative redispatch measures 

to rebalance supply and demand (Bundesministerium für Wirtschaft und Klimaschutz, 

2025). 

Redispatch measures have escalated in both volume and cost in Germany (see 

Chapter 0). These costs are socialized and ultimately passed down to consumers through 

network tariffs, creating perverse economic incentives where those causing congestion are 

not held accountable. 

High renewable energy penetration (RES), particularly in northern Germany, 

compounds these challenges. Due to unbalanced regional generation and load profiles, 

wind energy is frequently curtailed to protect transmission stability, while fossil-fuel 

generators in southern Germany continue to operate, even when less expensive renewable 

power is available elsewhere (Knörr et al., 2024). The absence of locational price signals 

prevents the market from correcting these inefficiencies, forcing TSOs to act as corrective 

agents rather than system facilitators. 

The emergency redispatch measures analyzed by 50hertz et al. (2019) highlight the 

fragility of Germany’s zonal market design, which cannot handle high renewable 

penetration without costly last-minute interventions. 

These findings lead to the following strategic considerations for TSOs: 
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1. TSOs could benefit operationally from reduced congestion management duties, but 

the shift to LMP would require major investments in real-time forecasting 

capabilities, grid modeling, and new settlement systems. 

2. TSOs may prefer a phased approach, beginning with redefining bidding zones to 

reflect transmission constraints, before moving to a full nodal pricing system. 

3. Political resistance from incumbent generators—who benefit from redispatch-heavy 

operations—may complicate the regulatory process, forcing TSOs to engage in 

extensive stakeholder negotiation. 

4. Ultimately, while TSOs stand to gain operational efficiency through granular 

market-based congestion management, their success will depend on regulatory 

support and infrastructure upgrades to ensure real-time system transparency and 

forecasting accuracy. 

Consumers: The Hidden Cost Bearers of Market Inefficiencies 

Germany's electricity consumers—industrial, commercial, and residential—bear 

significant financial burdens due to inefficiencies in the current market design. The reliance 

on redispatch measures to manage grid congestion leads to substantial costs, which are 

ultimately passed on to consumers through network charges. 

Redispatch measures involve adjusting the output of power plants to manage grid 

congestion and ensure system stability. In recent years, the costs associated with 

redispatching have been substantial. For instance, in 2023, redispatch measures, including 

the curtailment of renewable power output, led to significant electricity losses. These costs 

are socialized across all electricity consumers, meaning that households and businesses, 

regardless of their location, share the financial burden. (Wehrmann, 2024)  
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The current uniform pricing model in Germany does not provide locational price 

signals that reflect regional grid constraints. This absence limits the potential for demand-

side flexibility, as consumers lack incentives to adjust their consumption based on local 

grid conditions. Implementing LMP could address this issue by providing price signals that 

encourage consumers, especially large industrial users, to modify their demand in response 

to grid congestion. (Wambach, 2024) 

This leads to the following implications for consumers: 

1. Industrial Consumers: The uniform pricing system means that electricity prices do 

not reflect regional supply and demand variations or grid constraints. This 

disconnection hinders large industrial consumers from optimizing their energy costs 

based on actual grid conditions. In contrast, a system with LMP would provide 

price signals that reflect local grid congestion, incentivizing industrial users to 

adjust their consumption accordingly. This adjustment could lead to more efficient 

energy use and potentially lower total system costs. (Wambach, 2024) 

2. Households and SMEs: While LMP can improve overall system efficiency, it may 

also result in regional price disparities. Households and small to medium-sized 

enterprises (SMEs) in high-cost areas could face higher electricity prices, leading to 

concerns about affordability and equity. 

Germany’s current single-zonal pricing model does not provide locational price 

signals, which limits demand-side flexibility opportunities. In an LMP-based system, large 

electricity consumers—such as industrial manufacturers, data centers, and chemical 

plants—would receive real-time price signals that reflect local congestion, allowing them 

to adjust operations dynamically to reduce costs. 
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• A study by the Energy Policy Research Group (EPRG) at Cambridge found that 

regions with LMP see more active participation from industrial consumers in 

demand-side response programs (Pollitt, 2023). 

• In contrast, Germany’s market design lacks sufficient price incentives for flexible 

demand adjustments. Consumers in southern Germany—where generation costs are 

high due to congestion—pay artificially low prices, while those in uncongested 

regions still contribute to redispatch costs. This reflects a fundamental inefficiency: 

rather than using LMP to reveal true system costs and addressing equity concerns 

through explicit redistribution afterward (the “first-best” solution), Germany 

effectively blends pricing and redistribution within the market design itself. While 

this “second-best” approach aims to maintain political and social acceptability, it 

does so at the expense of economic efficiency, as it obscures the true cost signals 

needed for optimal system behavior. 

Regulatory Bodies: Balancing Market Efficiency with Political Feasibility 

Regulatory bodies—including the BNetzA and the German Ministry for Economic 

Affairs and Climate Action (BMWK)—face a complex balancing act. While market 

efficiency improvements such as LMP or refined zonal pricing could reduce overall 

electricity costs and redispatch expenses, they also face significant political resistance from 

industry groups, regional governments, and consumer advocates. 

Unlike in markets with more granular pricing mechanisms, Germany’s current 

zonal approach shields some stakeholders from cost-reflective price signals, which has led 

to politically entrenched interests in maintaining the status quo. Any regulatory changes 

that expose participants to greater locational pricing risks could disrupt existing market 
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strategies and financial positions, particularly for large utilities and industrial energy 

consumers in the south. 

Furthermore, Germany's regulatory framework is heavily influenced by EU 

directives, which set overarching guidelines for market operations and renewable energy 

integration. Recent national reforms have sought to address inefficiencies in the electricity 

market, including renewable energy support mechanisms such as CfDs with a “claw-back” 

mechanism to reclaim revenues exceeding the subsidy need. (Bundesministerium für 

Wirtschaft und Klimaschutz, 2024) This policy shift aligns with broader European efforts 

to promote market-aligned incentives and transparent cost-sharing models for renewable 

energy expansion. 

Regulatory Reluctance to Adopt LMP: 

The BNetzA has historically been cautious about adopting LMP, fearing several 

potential market disruptions: 

• Market fragmentation and liquidity loss – Smaller bidding zones or nodal markets 

could reduce the effectiveness of Germany’s forward markets and complicate 

hedging strategies for industrial energy users. This concern is particularly relevant 

given that Germany has one of Europe’s largest electricity trading markets, with 

high levels of liquidity in long-term contracts (Pollitt, 2023). 

• Regional price disparities – Some German states, particularly in the south (e.g., 

Bavaria, Baden-Württemberg), could face significantly higher electricity prices 

under LMP, leading to political pushback from local governments and industries 

that rely on stable, predictable energy costs. 

• Implementation challenges – Transitioning from a portfolio-based system to a 

granular pricing model would require major infrastructure and market adjustments, 
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including changes to grid modeling, forecasting capabilities, and settlement systems 

(Pollitt, 2023). 

Germany relies heavily on zonal pricing and cost-based redispatch, which has led to 

high operational costs and inefficient congestion management. While Redispatch 2.0 was 

introduced to improve the integration of RES, its limited granularity means it does not 

address the core inefficiencies of the current pricing model (Bundesministerium für 

Wirtschaft und Klimaschutz, 2024). Moreover, the incorporation of market-based 

redispatch through the tertiary reserves market introduces new risks: it opens the door for 

strategic bidding behavior such as inc-dec gaming, where market participants can profit by 

creating or exacerbating congestion, further undermining system efficiency. 

According to Chaves-Ávila et al. (2014), Germany’s lack of spatially differentiated 

imbalance pricing further exacerbates inefficiencies in congestion management, reinforcing 

the need for regulatory adjustments.  

Newbery et al. (2018) emphasize that Germany, as a leader in RES integration, 

must consider pricing mechanisms that support flexible generation and storage, potentially 

requiring regulatory support for nodal or locational pricing schemes. 

Despite these concerns, studies suggest that some fears surrounding LMP adoption 

may be overstated: 

• The 2018 German-Austrian bidding zone split, which was initially opposed on 

similar grounds, ultimately had little impact on forward market liquidity. 

• Austria’s new bidding zone has improved efficiency and sent clearer locational 

price signals, reducing redispatch costs and congestion-related inefficiencies 

(ENTSO-E, 2022). 
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However, Germany has remained reluctant to alter its zonal pricing structure, partly 

due to strong political and industry pressures from regions that would experience higher 

costs if local congestion were directly priced into the market. 

EU Pressure for Market Reforms: 

The European Commission has been actively pressuring Germany to reconsider its 

bidding zone configuration, arguing that the current model violates cost-reflective pricing 

principles and fails to align with EU objectives for efficient electricity markets. 

The ENTSO-E Bidding Zone Review has analyzed various LMP and zonal pricing 

models and found that more granular pricing could significantly reduce redispatch costs 

and improve investment incentives for grid expansion and flexibility solutions (ENTSO-E, 

2022). 

Future EU regulations may require stronger market-based congestion management 

mechanisms, potentially forcing Germany to adopt pricing reforms if it fails to voluntarily 

adjust its market design (ENTSO-E, 2022). 

The EU’s Clean Energy Package emphasizes the importance of reducing state 

interventions in electricity markets, such as excessive redispatching, in favor of market-

driven congestion management solutions. 

While Germany has resisted EU pressure thus far, it may eventually have to 

implement reforms to comply with European electricity market regulations—particularly if 

redispatch costs continue rising unsustainably. 

The Regulatory Disconnect in Imbalance Pricing: 

Germany’s imbalance pricing system has also been identified as a major regulatory 

shortcoming, failing to provide sufficient incentives for BRPs to remain balanced. 
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50hertz et al. (2019) document that during the June 2019 system imbalances, 

imbalance prices were frequently below intraday market prices, creating a perverse 

incentive for BRPs to take on imbalances rather than correcting them. 

On June 12, 2019, this misalignment contributed to system imbalances of up to 

10,000 MW, forcing TSOs to exhaust all balancing reserves and procure emergency power 

from foreign sources. 

Imbalance prices were often set below 100 €/MWh, while intraday prices exceeded 

500 €/MWh, making it financially attractive for BRPs not to self-balance but instead to rely 

on system-wide corrections (50hertz et al., 2019). 

To address these inefficiencies, regulatory bodies have proposed: 

• Obligating BRPs to remain balanced at all times, including intraday. 

• Adjusting the 80% activation criterion for imbalance pricing to better reflect real-

time market conditions (50hertz et al., 2019). 

• Requiring large consumers to provide meter data to TSOs on a D+1 basis, 

improving grid transparency and monitoring. 

Despite these proposals, fundamental regulatory changes have not yet been 

implemented, and Germany continues to rely on administrative redispatch rather than 

market-based congestion pricing. 

Political Economy of Market Reform: Key Stakeholders and Pressures: 

Regulatory decisions in Germany’s electricity market are shaped by conflicting 

stakeholder interests: 

1. Large utilities (RWE, EnBW, Uniper) – Benefit from the current redispatch-heavy 

model, where costs are socialized rather than directly allocated through locational 
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pricing. These companies lobby against LMP because it would expose their 

generation portfolios to higher price risks in congested areas. 

2. Regional governments (Bavaria, Baden-Württemberg) – Oppose LMP or zonal 

refinements, as their regions would likely see higher electricity prices due to 

transmission constraints and reliance on imported electricity from the north. 

3. Industrial consumers – Currently enjoy relatively stable prices, shielded from 

congestion costs, and oppose reforms that could introduce volatility into their 

energy contracts. 

4. Renewable energy developers – Would benefit from more accurate locational price 

signals, as LMP would reduce curtailment of wind power in northern Germany and 

provide better incentives for battery storage and flexibility solutions. 

5. Consumer advocacy groups – Concerned about potential price volatility for 

households and SMEs, particularly in regions that might face higher costs under a 

more granular pricing structure. 

These competing interests make electricity market reform highly contentious, with 

BNetzA often caught between industry pressures, regional political concerns, and EU 

market efficiency mandates. 

Current Status of Regulatory Discussions and Uncertainty: 

Despite ongoing academic and policy discussions about LMP, Germany’s 

regulatory stance remains largely unchanged. BNetzA continues to defend the zonal pricing 

structure, arguing that it supports market liquidity and stability. Political resistance from 

regional governments and industry groups remains strong, making major reforms unlikely 

in the short term. The European Commission’s push for stronger market-based congestion 
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management mechanisms has not yet resulted in direct intervention, but future EU 

directives may increase pressure on Germany to act. 

The current status quo is characterized by regulatory inertia, with no immediate 

plans for fundamental changes to Germany’s bidding zone structure. However, if 

redispatch costs continue rising or if the EU imposes stricter rules on bidding zone 

configurations, Germany may be forced to reassess its position. 

Market Efficiency and Challenges 

Germany’s portfolio-level bidding system presents several challenges related to 

market efficiency, price formation, and grid management. The reliance on a single national 

bidding zone obscures the true costs and constraints of individual generation units, leading 

to inefficiencies in dispatch and congestion management. 

Inefficiencies in Price Signals 

The aggregation of generation bids within a single national bidding zone prevents 

granular price formation, resulting in misaligned market prices and inefficient dispatch 

decisions. Newbery et al. (2018) highlight that the lack of temporal and spatial pricing 

granularity in European electricity markets weakens system responsiveness to fluctuating 

renewable generation, particularly in markets with high RES penetration. 

According to the Federal Ministry for Economic Affairs and Climate Action, 

market prices in Germany often fail to reflect the true value of renewable electricity, as 

high volumes of wind and photovoltaic generation coincide with a lack of locational price 

signals. This complicates the balancing of supply and demand within transmission 
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constraints, leading to grid congestion that is primarily managed through costly redispatch 

interventions rather than efficient, market-based price adjustments. 

A prominent example of these inefficiencies is the north-south imbalance in 

electricity generation and consumption (50hertz et al., 2019; International Energy Agency, 

2020): 

• Northern Germany, particularly Lower Saxony and Schleswig-Holstein, generates 

large surpluses of wind power. 

• Southern Germany, including Bavaria and Baden-Württemberg, frequently 

experiences electricity shortages due to insufficient local generation and grid 

constraints preventing north-to-south power flows. 

The current uniform national price does not reflect these regional mismatches, 

leading to: 

1. Curtailment of wind farms in the north, as no price incentives exist for demand-side 

flexibility in the region. 

2. Continued operation of fossil-fuel-based power plants in the south, despite the 

availability of cheaper wind power from the north. 

3. Excessive redispatch costs, see chapter 0. 

Multiple studies emphasize the negative impact of Germany’s zonal pricing model 

and reliance on redispatch: 

• (Knörr et al., 2024) find that the current zonal system significantly increases 

redispatch costs, inefficiencies that could be mitigated through nodal pricing. 
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• ZEW economists, including Achim Wambach (2024), advocate for regional 

electricity pricing, arguing that the single-price model ignores locational imbalances 

and distorts investment incentives. 

The June 2019 system imbalances further illustrate these shortcomings. 50hertz et 

al. (2019) show that on critical days, imbalance prices failed to reflect true system costs, 

creating perverse incentives for BRPs to create imbalances instead of correcting them. This 

further supports the argument that Germany’s portfolio bidding structure does not provide 

accurate price signals (50hertz et al., 2019). 

Challenges of Portfolio-Level Bidding: Non-Convexities and Market Distortions  

The simplified bidding formats used in Germany’s portfolio-level bidding system 

introduce economic inefficiencies. Even in a fully deterministic setting, non-convexities—

such as start-up costs and minimum output levels—can lead to distortions in market 

clearing and dispatch decisions. Richstein et al. (2018) demonstrate that current formats 

struggle to reflect these cost structures accurately. While uncertainty is a separate 

challenge, it interacts with non-convexities by amplifying inefficiencies, particularly when 

flexible system response is required. 

One significant limitation of portfolio-level bidding is its inability to capture unit-

specific constraints, such as start-up costs and minimum load levels. In theory, if market-

clearing prices are high enough, they can allow generators to recover these fixed costs—

even for inframarginal units—since all accepted bids are paid the same clearing price. 

However, in practice, the lack of explicit bidding for such non-convex costs under portfolio 

bidding means these price signals are often misaligned. This results in: 
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• Generators may fail to recover their actual costs, which can discourage investment 

in flexible or peaking capacity. 

• Suboptimal dispatch decisions, as market clearing mechanisms do not reflect the 

true operational constraints of individual plants. 

Joskow (2024) further argues that traditional bidding formats fail to incorporate 

unit-specific costs, leading to systematic inefficiencies in both dispatch and long-term 

investment decisions. In Germany, the current portfolio bidding structure prevents 

generators from accurately reflecting their true fixed and start-up costs, resulting in market 

distortions that reduce economic efficiency. 

Strategic Bidding and Market Manipulation Risks in Germany  

Germany’s zonal pricing system and redispatch framework create opportunities for 

strategic bidding behaviors, particularly Inc-Dec gaming, where market participants exploit 

price differences between the spot market and the redispatch market for financial gain: 

• Participants strategically adjust their bids in the day-ahead market, creating or 

exacerbating congestion, thereby profiting from redispatch payments (Ashour 

Novirdoust, Bichler, et al., 2021). 

• These strategies increase system costs and worsen congestion, ultimately 

undermining market efficiency and grid stability (Bundesministerium für Wirtschaft 

und Klimaschutz, 2024). 

Eicke & Schittekatte (2022) identify Germany as a prime example of a market that 

relies heavily on zonal pricing and experiences high redispatch costs due to congestion 

misalignment. According to the study, the current structure encourages strategic bidding 
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behaviors in the redispatch process, reinforcing the argument that Germany’s market 

design would benefit from greater locational pricing granularity. 

Joskow (2024) provides further evidence that weak locational pricing frameworks 

create opportunities for gaming behavior, as seen in the U.S. and European markets that 

rely on redispatch-heavy models. 

A notable case study from Germany provides strong empirical evidence of strategic 

bidding behavior in the redispatch market. 50hertz et al. (2019) document that some BRPs 

actively manipulated market conditions, exploiting the gap between intraday market prices 

and imbalance prices. 

These findings align with Knörr et al. (2024), who identify similar risks in zonal 

pricing markets, where market participants manipulate redispatch signals for financial gain. 

Germany’s continued reliance on redispatch rather than market-based congestion 

management mechanisms allows these behaviors to persist, leading to higher system costs 

and inefficiencies that distort electricity pricing and investment incentives. 

Redispatch and Congestion Management in Germany 

Redispatch has become a critical tool for managing grid congestion in Germany, 

but its extensive reliance highlights structural inefficiencies in the current market design. 

Instead of allowing market-based mechanisms to internalize congestion costs, Germany’s 

cost-based redispatch system operates as an ex-post correction tool, leading to rising 

system costs and inefficiencies. 
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Overview of Redispatch Measures 

The absence of locational price signals is a fundamental driver of grid congestion, 

as the market does not adequately reflect physical transmission constraints. Consequently, 

TSOs must frequently intervene through redispatch, instructing generators to adjust their 

output to prevent or resolve congestion. These redispatch actions are complex, resource-

intensive, and have seen escalating costs in recent years (Ashour Novirdoust, Rajon, et al., 

2021). 

According to the Federal Ministry for Economic Affairs and Climate Action (2025), 

redispatch measures in Germany resulted in costs of approximately €3.1 billion in 2023, 

with total redispatch volumes reaching 29.4 TWh. Wind generation was the most 

frequently curtailed, accounting for 9.7 TWh of reduced output. These figures underscore 

the inefficiencies in Germany’s current market design, where congestion is managed 

through administrative interventions rather than efficient price signals. 

International comparisons highlight similar structural issues. Joskow (2024) finds 

that in the U.S., redispatch costs have escalated in part because transmission planning is 

often decoupled from actual market conditions. Regulated utilities may lack strong 

financial incentives to proactively alleviate congestion through grid expansion or targeted 

investment. As a result, congestion is frequently managed through costly, short-term 

redispatch actions—an approach that parallels Germany’s reliance on out-of-market 

interventions. In both cases, the absence of locational pricing distorts investment signals 

and shifts the burden of congestion management to administrative processes rather than 

efficient market-clearing mechanisms. 

Under Germany's cost-based redispatch system, TSOs have the authority to direct 

all generators with more than 10 MW of installed capacity to participate in redispatch 
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measures (Ashour Novirdoust, Bichler, et al., 2021). In an attempt to better integrate 

renewables, Redispatch 2.0 was introduced in October 2021, expanding redispatch 

participation to renewable energy plants exceeding 100 kW in installed capacity. This 

acknowledged the increasing role of RES in grid stability, but has not resolved the core 

inefficiencies of congestion management. 

Redispatch involves extensive forecasting, coordination, and real-time adjustments, 

beginning up to a week in advance and continuing until the moment of delivery. 

Bundesministerium für Wirtschaft und Klimaschutz, 2025) The complexity and resource 

intensity of redispatch reflect the limitations of the current market design, where grid 

constraints are not reflected in real-time market prices. 

Several studies provide empirical evidence that zonal markets require significantly 

higher redispatch volumes than nodal markets. Lété et al. (2022) project that redispatch 

needs in the EU could reach up to 809 TWh by 2040, further demonstrating the inherent 

inefficiencies of zonal pricing. 

While market-based redispatch mechanisms can, in theory, improve the efficiency 

of zonal systems, Lété et al. (2022) emphasize that such approaches are insufficient on their 

own—without accompanying locational pricing, they fail to internalize grid constraints in 

real time. In Germany, Redispatch 2.0, implemented in October 2021, marked a partial 

transition toward market-based redispatch by integrating RES and CHP plants into 

congestion management and expanding the role of the tertiary reserve market. However, 

the framework still largely relies on administratively determined, cost-based interventions. 

The shift to fully market-based redispatch remains incomplete. Joskow (2024) critiques 

similar arrangements in the U.S., where formula-based cost recovery for transmission 

operators has led to persistent reliance on redispatch instead of incentivizing long-term grid 
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investments. Germany’s Redispatch 2.0 reflects this same challenge: high intervention 

costs persist, while structural signals for proactive congestion mitigation remain weak.. 

Escalating Costs of Redispatch: Economic Implications 

The costs associated with redispatch have escalated dramatically over the past 

decade. TSOs reported that redispatch and countertrading costs increased from 

approximately €41.63 million in 2011 to over €1 billion in 2019 (Ashour Novirdoust, 

Rajon, et al., 2021). By 2023, costs reached €3.1 billion, reflecting significant 

inefficiencies and economic losses in the electricity market. 

These high costs underscore the need for market mechanisms that can internalize 

grid constraints, providing more appropriate investment and operational signals to market 

participants (Ashour Novirdoust, Rajon, et al., 2021). Aravena et al. (2021) provide 

additional quantitative insights, showing that redispatch costs in Germany increased from 

€45 million in 2007 to €1.16 billion in 2017, illustrating how zonal pricing inefficiencies 

have already created substantial economic burdens. 

Role of LMP in Market Design 

Introducing LMP has been widely discussed as a potential solution to the 

inefficiencies in Germany’s current electricity market design. LMP accounts for both 

generation costs and transmission constraints, providing accurate price signals that 

internalize congestion costs. 
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Potential Benefits of LMP 

LMP reflects the true marginal cost of supplying electricity at specific locations, 

thereby eliminating the need for costly redispatch interventions. Ashour Novirdoust, 

Bichler, et al. (2021) emphasize that granular price signals under LMP could significantly 

improve market efficiency by reducing the need for administrative congestion management 

measures. 

Newbery et al. (2018) argue that nodal pricing is particularly effective in high-RES 

markets, where it improves locational investment incentives and dispatch efficiency. 

Eicke & Schittekatte (2022) suggest that Germany’s frequent bidding zone reviews 

introduce regulatory uncertainty, discouraging long-term investment. The study argues that 

a one-time shift to LMP would provide a more stable and predictable framework for 

investment decisions. 

Empirical evidence from U.S. electricity markets lends support to the argument for 

more granular pricing. Joskow (2024) finds that in regions that transitioned from zonal to 

nodal pricing, congestion-related operating costs—which include out-of-market 

adjustments and balancing actions akin to redispatch in zonal systems— declined 

significantly. This shift enabled more efficient transmission utilization and improved 

market transparency: 

• In the PJM and MISO markets, which operate under LMP, such costs are 

substantially lower compared to historical zonal pricing regimes. 

• Following the adoption of LMP, PJM reduced its congestion-related 

operating costs by over 40%, while MISO reported system-wide efficiency 

gains resulting in cost reductions of nearly $600 million annually. 

 



 

71 

While these costs are not typically labeled as “redispatch” in the same way they are 

in zonal markets like Germany, they capture the same underlying economic inefficiencies 

related to transmission constraints and system balancing. Importantly, LMP internalizes 

many of these constraints directly into the price formation process, thereby minimizing the 

need for costly ex-post interventions. 

A key insight from Joskow (2024) is that the absence of LMP creates a persistent 

misalignment between market-clearing prices and the physical realities of the grid. This 

challenge is central to Germany’s current experience, where congestion arises because the 

market does not accurately reflect transmission limitations—leaving system operators to 

manage mismatches through redispatch. 

Challenges of Implementing LMP 

While LMP offers significant advantages in terms of grid efficiency and congestion 

management, its implementation in Germany poses substantial challenges. These 

challenges range from technical and infrastructural hurdles to market liquidity concerns, 

regulatory resistance, and distribution grid implications. 

Complexity of Implementation: 

Transitioning to LMP would require major modifications to Germany’s electricity 

market infrastructure (Ashour Novirdoust, Bichler, et al., 2021), including: 

• Advanced computational capabilities to support real-time price calculation and 

market clearing mechanisms. 

• Enhanced forecasting and modeling tools to incorporate transmission constraints 

into market operations. 
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• Reconfiguration of market processes, including settlement and bidding structures, 

to align with nodal pricing frameworks  

Joskow (2024) highlights that U.S. regions initially faced challenges related to the 

computational burden of nodal price calculations, particularly in systems with high shares 

of renewables. The need for real-time market operations and forecasting improvements was 

a key barrier in early LMP adoption. However, technological advancements in real-time 

market operations and grid forecasting have significantly improved LMP feasibility, even 

in high-RES environments. While Germany would face similar initial challenges, 

international experiences suggest that these technical issues can be managed with 

appropriate market design and infrastructure investment. 

Potential Liquidity Issues: 

A shift to LMP could impact market liquidity, as high price granularity at individual 

nodes may fragment trading volumes (Ashour Novirdoust, Bichler, et al., 2021), leading to: 

• Increased price volatility, potentially raising financial risks for market participants. 

• Reduced efficiency in forward contracts, as hedging strategies in a nodal market 

differ from those under zonal pricing. 

Concerns over market liquidity following a transition to nodal pricing have been 

observed in other electricity markets. In the U.S., liquidity concerns were initially a major 

argument against LMP adoption. However, Joskow (2024) explains that these challenges 

were mitigated through the introduction of FTRs, which allow market participants to hedge 

against nodal price volatility. 

For Germany, a well-designed FTR system could: 

• Reduce risk exposure for generators and consumers, ensuring that trading activity 

remains stable even after a transition to LMP. 
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• Help balance locational price fluctuations, making nodal pricing more predictable 

for market participants (Ashour Novirdoust, Bichler, et al., 2021). 

While LMP may initially lead to localized liquidity challenges, international 

experience suggests that these risks can be mitigated through carefully designed financial 

instruments. 

Regulatory Hurdles and Market Resistance: 

Implementing LMP in Germany would require significant regulatory adjustments 

(Ashour Novirdoust, Rajon, et al., 2021), including: 

• Revisions to market rules governing bidding structures, dispatch procedures, and 

congestion management. 

• Changes in market oversight, particularly for TSOs, who would transition from 

redispatch-based congestion management to real-time, price-driven congestion 

resolution. 

• Consensus-building among market participants, many of whom benefit from the 

existing zonal model  

Historical resistance to LMP adoption in other markets suggests that political and 

economic opposition could be a significant barrier in Germany. The U.S. experienced 

pushback from utilities and regulators accustomed to zonal pricing, as it required greater 

transparency in unit-specific costs and altered market power dynamics (Joskow, 2024). 

Similarly, large incumbent utilities in Germany, particularly those benefiting from 

portfolio bidding, may resist LMP adoption, fearing: 

1. Increased competition from more granular pricing exposure. 

2. Loss of economic advantages that arise from redispatch compensation mechanisms. 
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This resistance is largely political rather than technical. However, transparent 

stakeholder engagement, phased implementation, and regulatory clarity could help 

overcome inertia and build support for market reform. 

Distribution Grid Considerations: 

One of the frequent criticisms of LMP is that it primarily addresses transmission-

level congestion but may not adequately capture issues within the distribution grid. Given 

Germany’s rapid decentralization and increasing penetration of distributed energy 

resources (DERs), this poses additional challenges (Ashour Novirdoust, Rajon, et al., 

2021). 

• LMP focuses on transmission system congestion pricing, while distribution-level 

pricing issues remain largely unaddressed. 

• Germany’s energy transition has led to increased DER deployment, including 

rooftop solar PV and decentralized battery storage, which operate at the distribution 

level rather than the transmission system. 

Joskow (2024) warns that LMP alone does not fully resolve local pricing distortions 

at the distribution level. A parallel pricing mechanism would likely be required to 

internalize locational constraints at both the transmission and distribution levels, ensuring 

that: 

• Consumers and prosumers are exposed to accurate, localized price signals. 

• DER deployment aligns with grid capacity constraints rather than exacerbating 

local imbalances. 
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Supporting Germany's Energy Transition Goals 

Enhancing the granularity of bidding mechanisms is crucial for Germany’s long-

term energy transition strategy. Current market prices often fail to reflect the true value of 

renewable electricity, particularly during periods of simultaneous high wind and solar 

generation (Bundesministerium für Wirtschaft und Klimaschutz, 2024). 

By introducing locational pricing signals, potentially through LMP or refined 

bidding frameworks, Germany could: 

• Encourage more efficient siting of renewable energy projects, reducing congestion 

in oversupplied areas. 

• Improve investment incentives for storage and flexible demand resources, which 

would play a critical role in stabilizing grid operations as renewable penetration 

increases. 

Newbery et al. (2018) emphasize that conventional portfolio-level bidding 

structures become less effective as RES penetration grows. In a high-renewable system, 

markets require: 

1. More dynamic price signals that accurately reflect short-term grid constraints. 

2. Better alignment between investment incentives and system needs, ensuring that 

new generation and flexibility assets are developed where they provide the greatest 

value. 

Moving toward a "second-generation" market design that incorporates more 

granular bidding formats can improve market responsiveness and transparency. This shift is 

essential for maintaining system balance, reducing redispatch costs, and fostering 

investments in flexibility options such as: 
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• Battery storage, which benefits from price signals that indicate times of excess 

generation. 

• Demand-side response mechanisms, allowing consumers to adjust consumption 

patterns based on real-time locational prices. 

Conclusion 

This chapter has analyzed the current bidding structures in Germany's electricity 

market, emphasizing the inefficiencies, stakeholder implications, and challenges associated 

with the portfolio-based bidding model. The findings illustrate that Germany’s single-zonal 

pricing system obscures locational price signals, leading to inefficient dispatch, rising 

redispatch costs, and increased market distortions. 

One of the most significant inefficiencies stems from the misalignment between 

market-clearing prices and actual grid constraints. The lack of spatial price differentiation 

results in regional supply-demand mismatches, particularly between the wind-energy-rich 

northern regions and the high-demand southern regions. This misalignment forces TSOs to 

rely heavily on redispatch, which has escalated in both volume and cost. The June 2019 

system imbalances further exposed weaknesses in the imbalance pricing system, as market 

participants exploited price differentials, worsening grid instability. 

The stakeholder analysis highlights that generators, grid operators, consumers, and 

regulatory bodies each have conflicting interests in bidding system reforms. Renewable 

energy producers in the north suffer from frequent curtailment, while conventional 

generators in the south benefit from stable dispatch conditions under the current zonal 

model. Industrial consumers currently pay uniform prices regardless of grid constraints, 

shielding them from true congestion costs but discouraging demand-side flexibility. 
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Regulatory bodies, particularly BNetzA, face strong industry resistance to granular pricing 

reforms, despite increasing pressure from the European Commission to improve market 

efficiency. 

Redispatch, initially introduced as a temporary congestion management tool, has 

evolved into a systemic correction mechanism due to the inadequacies of the zonal pricing 

model. The reliance on cost-based redispatch instead of market-driven congestion pricing 

leads to long-term inefficiencies and distorted investment signals. Studies demonstrate that 

nodal pricing significantly reduces redispatch costs by internalizing congestion into 

market-clearing prices. Empirical evidence from U.S. electricity markets, such as PJM and 

MISO, shows that LMP adoption led to lower congestion-related redispatch costs, 

improved investment incentives, and enhanced market efficiency. 

However, the transition to LMP in Germany presents several challenges. These 

include technical and infrastructural complexities, potential liquidity issues, regulatory 

hurdles, and distribution grid considerations. The implementation of LMP would require 

significant upgrades to market infrastructure, including real-time forecasting, 

computational tools, and advanced settlement mechanisms. Additionally, market liquidity 

concerns and political opposition from large utilities benefiting from redispatch 

compensation mechanisms could slow reform efforts. 

Despite these challenges, enhancing bidding mechanisms is critical for supporting 

Germany’s long-term energy transition goals. The existing portfolio bidding model is 

becoming increasingly ineffective as renewable penetration grows, highlighting the need 

for a second-generation market design that incorporates locational price signals. A 

transition toward more granular pricing structures, whether through improved zonal 

differentiation or full LMP adoption, could align electricity prices more closely with 
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system conditions, encourage flexibility investments, and improve overall market 

efficiency. 

In summary, Germany’s current market structure is increasingly unsustainable, as 

rising redispatch costs, inefficient price signals, and market distortions continue to strain 

grid stability and economic efficiency. While nodal pricing offers clear economic benefits, 

technical, regulatory, and political obstacles remain significant barriers to reform. The 

trajectory of Germany’s bidding system will ultimately depend on how policymakers 

balance industry resistance, infrastructure readiness, and European regulatory pressures in 

the coming years. 
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Chapter V. 

Case study: Italy’s implementation of multi-part bids 

Electricity markets are evolving to accommodate increasing shares of renewable 

energy, shifting demand patterns, and the need for greater operational efficiency. One of 

the key innovations in market design has been the introduction of multi-part bids, which 

allow market participants to submit more detailed cost structures, improving price 

formation, grid stability, and overall market efficiency. Italy provides a compelling case 

study in this regard, having successfully implemented multi-part bidding as part of its 

broader market reforms. 

This chapter examines Italy’s experience with multi-part bids, focusing on the steps 

taken to implement the mechanism, the structural characteristics of Italy’s electricity 

market, and the impact of these changes on market participants and regulatory frameworks. 

Italy’s case offers valuable insights for Germany, where similar discussions on electricity 

market design and flexibility measures are ongoing. By analyzing Italy’s experience, this 

chapter aims to shed light on the challenges, benefits, and potential limitations of adopting 

MPBs in a complex and evolving energy landscape. 

The chapter begins with an analysis of Italy’s step-by-step transition toward multi-

part bidding, tracing the key developments that laid the groundwork for its adoption 

(Section 5.1). This timeline outlines the regulatory, technological, and market-driven 

milestones that contributed to the evolution of Italy’s market structure. The subsequent 

sections will then provide a deeper examination of Italy’s current MPB framework, its 

operational characteristics, and its broader implications for market efficiency, stakeholder 

engagement, and regulatory structures. 
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Italy’s MPB Implementation: Key Milestones  

Italy’s transition toward multi-part bidding was not a single policy shift but rather 

the result of a series of strategic reforms, regulatory adjustments, and technological 

advancements over the past two decades. The evolution of Italy’s electricity market was 

shaped by the need for greater efficiency, improved price formation, and enhanced grid 

stability, as well as by broader EU efforts to integrate electricity markets and foster cross-

border trading. 

From the establishment of the Italian Power Exchange (IPEX) in 2004 to the full 

integration of MPBs across all market timeframes in 2024, each step in this transition 

played a crucial role in refining market design. Key developments included the adoption of 

a zonal pricing model, the expansion of MSD (Ancillary Services Market, Mercato dei 

Servizi di Dispacciamento), the gradual introduction of unit-based bidding, and the 

eventual integration of locational price signals into dispatch decisions. These reforms laid 

the foundation for a more transparent and efficient electricity market that better reflects the 

operational costs of generators and the constraints of the transmission system. 

The following timeline as shown in Fehler! Verweisquelle konnte nicht gefunden 

werden. highlights Italy’s major milestones in the implementation of multi-part bids, 

showcasing how incremental changes in market structure, infrastructure, and regulation led 

to the full adoption of this mechanism. 
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Figure 1: Timeline for Italy's Implementation of Multi-Part Bidding 

2004–2005: Establishment of IPEX and Demand-Side Liberalization 

The Italian Power Exchange (IPEX) was established in April 2004 and became 

fully operational in January 2005. This marked a major milestone in the liberalization of 

Italy’s electricity market, driven by EU directives promoting competition, unbundling, and 

market transparency. While this phase is often described as “demand-side liberalization,” it 

also reflected broader reforms affecting both sides of the market. 

By this point, the market had already begun opening up to independent power 

producers following earlier EU-driven reforms. Vertically integrated utilities had been 
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unbundled, and generation was no longer exclusively the domain of regulated monopolies. 

Instead, producers—both legacy utilities and new entrants—could compete in a centralized 

pool market, with IPEX providing a platform for competitive price discovery. 

On the demand side, large-scale consumers such as industrial users gained the right 

to participate directly in wholesale auctions for the first time, enabling them to optimize 

their procurement strategies. This shift laid the groundwork for more dynamic bidding 

behavior and efficient market outcomes. 

To support this transition, Italy engaged in extensive stakeholder consultations 

involving generators, regulators, and consumers. Training sessions and workshops were 

conducted to familiarize participants with the new market mechanisms, which helped 

reduce resistance and uncertainty. These foundational efforts also set the stage for future 

innovations such as multi-part bidding and granular dispatch optimization. (Grilli, 2024; 

Hosseini Imani et al., 2021) 

2007: Adoption of Zonal Market Model 

Italy adopted a zonal market model in 2007 as part of its broader electricity market 

liberalization, with the goal of improving system efficiency and congestion management. 

The country is divided into six geographical zones, along with thirteen foreign virtual 

zones and one national virtual zone representing residual demand and supply balancing. 

(Hosseini Imani et al., 2021) This market structure replaced an earlier national “single-

zone” pool model, which did not explicitly account for internal transmission bottlenecks. 

While sometimes referred to as a “national” model, this earlier system essentially treated 

Italy as a single zone—similar to the current setup in other European countries that have 

not adopted local marginal pricing (LMP). 
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The introduction of zonal pricing enabled more accurate price formation by 

reflecting regional transmission constraints. This, in turn, allowed for improved congestion 

management and more efficient electricity dispatch across the country. Furthermore, by 

introducing zone-specific price signals, the model incentivized infrastructure investments 

in areas experiencing frequent congestion, guiding grid development in a more strategic 

and market-responsive manner. (Poli & Marracci, 2011) 

2009: Initial development of the Ancillary Services Market (MSD) 

In 2009, Italy began formal development of its Mercato dei Servizi di 

Dispacciamento (MSD), or Ancillary Services Market, to enhance grid reliability and 

operational flexibility. Prior to this, the Transmission System Operator (TSO), Terna, was 

already responsible for procuring and utilizing essential ancillary services—but 

procurement processes were less market-based and often relied on bilateral contracts or 

administrative mechanisms, particularly with large thermal generators. The establishment 

of the MSD represented a shift toward transparent, market-based procurement of services 

such as frequency regulation, reserve capacity, and voltage control. It laid the groundwork 

for more sophisticated features in the years that followed, including unit-based bidding, 

pay-as-bid pricing, and eventually locational signals. 

While the balancing framework at the time still centered on conventional thermal 

power plants, the growing penetration of variable renewables highlighted the need for a 

more dynamic and responsive system. Developing the MSD was a key step in enabling 

real-time coordination of supply and demand fluctuations, improving price formation, and 

maintaining system stability under increasingly complex operating conditions. (Pasotti, 

2021) 
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2012: Integration of Cross-Border Capacity Mechanisms 

In 2012, Italy advanced its integration with neighboring electricity markets by 

introducing explicit cross-border capacity allocation mechanisms. These were largely based 

on the Available Transfer Capacity (ATC) model, a common approach within Europe at the 

time. Under the ATC method, transmission capacity between bidding zones is estimated ex 

ante, based on a simplified and aggregated representation of the transmission network, 

rather than full physical modeling. Capacity is then allocated—typically through 

coordinated auctions—prior to market clearing. 

While ATC-based allocation improved cross-border coordination compared to 

earlier practices, it inherently relied on approximate and static estimates of the grid's 

physical capabilities. This approximation limited the system’s responsiveness to real-time 

network conditions and created challenges in accurately reflecting locational constraints. 

Nevertheless, this step marked significant progress in aligning Italy’s market with 

broader EU objectives for market coupling, harmonization, and cross-border trade 

efficiency. It also laid the groundwork for future integration of mechanisms such as multi-

part bids and financial transmission rights, by increasing market liquidity and enabling 

more dynamic flows of electricity in response to price signals. Improved access to surplus 

generation in neighboring countries helped mitigate domestic price volatility and 

strengthened overall system resilience. (Hosseini Imani et al., 2021). 

2013: Zonal Market Review and Adjustment 

To refine the zonal pricing system, Italy conducted a comprehensive review of its 

bidding zones, incorporating feedback on congestion management and transmission 

constraints. Adjustments were made to align market outcomes with grid reliability needs. 
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(Ashour Novirdoust, Bichler, et al., 2021) This review was particularly important as Italy 

faced persistent congestion issues between northern and southern regions, which led to 

price divergence and inefficiencies in electricity distribution. By analyzing congestion 

patterns and consulting market participants, Italy aimed to optimize the geographic 

definition of its bidding zones to better align market signals with actual grid constraints. 

The outcome of this review resulted in some adjustments to zonal boundaries and bidding 

rules, helping improve market efficiency and investment incentives.  

2014: Planned adoption of multi-part bids within the MSD framework 

Italy introduced MPBs in the MSD, allowing generators to submit detailed bids for 

each individual generating unit, including start-up costs, variable costs, and technical 

constraints. This reform marked a major shift in Italy’s market design, as it enabled a more 

accurate reflection of generator costs and technical limitations, improving the efficiency of 

dispatch decisions. By implementing multi-part bids, market participants could now offer 

their generation capacity with detailed cost breakdowns, reducing inefficiencies in unit 

commitment and ensuring that dispatch decisions better reflected system needs. (Batlle et 

al., 2020) 

2015: Digital Infrastructure Upgrades for Granular Bidding 

Investments were made in IT systems to handle more granular bids, laying the 

technological foundation for unit-based bidding. This included enhancements in market-

clearing algorithms and real-time grid monitoring tools. (Bundesministerium für Wirtschaft 

und Klimaschutz, 2024) These digital upgrades were essential to process the increased 

volume and complexity of bidding data resulting from the transition to multi-part bids. 
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Advanced algorithms were introduced to optimize market clearing, allowing real-time price 

formation to better reflect system constraints. Improved data processing capabilities also 

enabled more accurate forecasting and congestion management, further supporting the shift 

toward a more flexible electricity market. (Batlle et al., 2020) 

2016: Commissioning of Sorgente-Rizziconi Undersea Cable 

The commissioning of the Sorgente-Rizziconi undersea cable connected Sicily to 

mainland Italy, significantly reducing congestion and enabling more efficient market 

operations. (Bigerna et al., 2023) This new infrastructure increased transmission capacity 

between the island of Sicily and the mainland, addressing longstanding bottlenecks that had 

caused significant price differences between the two regions. By improving grid 

connectivity, the project helped integrate more renewable energy from Sicily into the 

national grid and reduced the need for costly redispatch measures. (Zedda & Masala, 2019) 

2018: Pilot Programs for MPBs in High-Congestion Zones 

Before full-scale implementation, pilot projects in high-congestion zones tested 

multi-part bids. These pilots allowed Italy to refine its approach, address operational 

challenges, and demonstrate efficiency gains. (Wu et al., 2024) These pilot programs were 

crucial in identifying potential market distortions and refining pricing algorithms to better 

reflect locational constraints. The insights gained from these tests led to further adjustments 

in market design, particularly in areas experiencing frequent grid congestion and price 

volatility. (Pasotti, 2021) 
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2019: Introduction of Nodal Pricing Signals for Real-time Dispatch Decisions 

In 2019, Italy introduced nodal pricing signals within its zonal market framework to 

improve the granularity of real-time dispatch decisions. These signals were used by the 

Transmission System Operator (Terna) to better reflect local grid constraints and marginal 

costs when activating resources for balancing. (Ashour Novirdoust, Bichler, et al., 2021) 

Importantly, this did not represent a full transition to a nodal market; Italy’s market 

continued to operate on a zonal basis for clearing and imbalance settlement, using average 

or zonal prices. However, by incorporating nodal signals at the dispatch level, Italy aimed 

to enhance efficiency and transparency in redispatch decisions, especially under conditions 

of congestion. 

This hybrid approach allowed the TSO to optimize grid operations with higher 

locational precision, even while maintaining zonal price signals for broader market 

participants. It marked a key step toward more advanced congestion management and set 

the stage for future reforms such as LMP pilots and expanded use of multi-part bids. 

2021: LMP Pilots Within Selected Zones 

Italy introduced LMP pilots within specific zones to complement its zonal pricing 

structure. This hybrid model enabled the market to balance liquidity with precise locational 

signals, improving price accuracy and grid efficiency. (Ashour Novirdoust, Rajon, et al., 

2021; Richstein et al., 2018) 

The introduction of LMP pilots was a significant step toward more granular price 

formation within Italy’s zonal market. While Italy traditionally relied on zonal pricing, 

where prices were determined for broader geographic areas, the pilot projects tested the 

feasibility of incorporating nodal pricing elements within specific zones, particularly in 
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high-congestion areas. The goal was to assess the impact of more localized price signals on 

dispatch efficiency, grid congestion management, and market liquidity. 

The pilots provided valuable insights into how LMP could: 

• Improve price accuracy by ensuring that market prices reflected real-time grid 

conditions at a finer level. 

• Enhance system efficiency by incentivizing generators and consumers to adjust 

their behavior based on more precise locational price signals. 

• Reduce the need for costly redispatch measures by better aligning market outcomes 

with physical grid constraints. 

• By introducing LMP pilots within zones, Italy began shifting toward a more 

location-sensitive pricing approach without abandoning its overarching zonal 

market structure. This step laid the groundwork for future market refinements, 

particularly in congestion management and real-time dispatch optimization. 

2022: Adoption of FTRs 

Italy introduced FTRs to mitigate the distributional impacts of granular pricing 

signals, ensuring smoother transitions for market participants affected by nodal price 

variations. (Ashour Novirdoust, Bichler, et al., 2021) 

The adoption of FTRs was a crucial step in addressing the financial risks associated 

with locational pricing and congestion costs. As Italy moved toward more granular price 

signals—particularly with the LMP pilots—the potential for price divergence between 

different zones and nodes increased. This created the need for hedging instruments that 

would allow market participants to manage uncertainties in congestion pricing and 

locational price differences. 
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The introduction of FTRs brought Italy’s market design closer in alignment with 

advanced electricity markets, such as the U.S., where FTRs are commonly used alongside 

nodal pricing. This step also strengthened investor confidence by providing a tool to 

mitigate financial exposure to changing congestion costs. 

2023: Expansion of Intraday Auctions and Stakeholder Feedback Mechanisms 

In 2023, Italy expanded its intraday auction framework to enhance liquidity, market 

flexibility, and the efficient use of cross-border transmission capacity. These auctions 

aimed to provide market participants with more frequent opportunities to adjust their 

positions in response to updated forecasts and system conditions. (Ashour Novirdoust, 

Rajon, et al., 2021; Richstein et al., 2018) 

Despite the enhancements, Italy’s intraday market continued to operate on a zonal 

basis, with trades cleared using zonal prices rather than full nodal pricing. Most trades were 

facilitated through centralized auctions rather than continuous bilateral trading, though 

some continuous mechanisms also coexisted. This zonal structure means that while 

intraday markets contributed to improved short-term alignment, they still relied on 

aggregated network models and did not fully capture local congestion effects. 

 

The expansion of intraday auctions represented an important step toward more 

dynamic and responsive electricity markets, especially in the context of rising renewable 

integration. However, the continued use of zonal pricing in the intraday timeframe limits 

the full realization of location-specific efficiency gains that could be achieved under a 

nodal or hybrid framework. 
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This reform involved several targeted measures to improve intraday market 

performance and stakeholder engagement: 

• Introduction of multiple intraday auction sessions per day, increasing from a limited 

number to a more continuous series of auctions. This allowed market participants to 

rebalance their positions closer to real time as new forecasts (e.g., for demand or 

renewables) became available. 

• Implementation of gate closures closer to delivery, reducing the time between trade 

and physical delivery, thereby improving responsiveness to changing system 

conditions. 

• Improved transparency in price formation, including the publication of zonal price 

curves and available transmission capacity during intraday sessions, enabling more 

informed bidding strategies. 

• Integration with EU Single Intraday Coupling platforms (formerly XBID), which 

facilitated cross-border intraday trades and more efficient allocation of 

interconnection capacity on a continuous basis. 

• Formalization of stakeholder feedback mechanisms through regular consultations 

and working groups organized by Terna (TSO) and GME (market operator). These 

mechanisms provided structured opportunities for generators, traders, industrial 

consumers, and regulators to contribute input on proposed rule changes, operational 

issues, and future market enhancements. 

By expanding intraday auctions and incorporating more active market participant 

feedback, Italy enhanced market adaptability and further optimized the interaction between 

multi-part bidding, real-time price formation, and cross-border electricity flows. 
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2024: Full Integration of MPBs Across All Market Timeframes 

Italy achieved full integration of MPBs across day-ahead, intraday, and balancing 

markets, completing its transition to a more granular and efficient market design. This 

reform represents the culmination of decades of incremental improvements, allowing Italy 

to fully leverage unit-based bidding, locational pricing elements, and optimized dispatch 

mechanisms to improve overall market efficiency and grid stability. 

Italy’s step-by-step approach to implementing MPBs reveals key lessons about the 

challenges and benefits of such a market reform. The gradual evolution—from market 

liberalization and zonal pricing to the introduction of ancillary service markets, real-time 

pricing mechanisms, and financial hedging tools—illustrates the necessity of a structured 

and adaptive transition process. These developments highlight the importance of regulatory 

flexibility, stakeholder engagement, and technological readiness in achieving an efficient 

and transparent electricity market. Throughout this chapter, the key takeaways from Italy’s 

experience will be examined in greater depth, with a particular focus on their impact on 

stakeholders, the regulatory framework, and market efficiency and flexibility. These 

insights will ultimately serve as a foundation for assessing the applicability of MPBs in the 

German electricity market. 

Impact of Italy’s Multi-Part Bidding System on Stakeholders, Regulation, and Market 

Dynamics 

The implementation of multi-part bidding in Italy marked a significant shift in 

market design, fundamentally altering the roles, responsibilities, and interactions of 

electricity market participants. By transitioning from a portfolio-based bidding system to 

unit-based bidding, Italy sought to enhance market efficiency, improve price signals, and 
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strengthen grid stability. However, these changes introduced both opportunities and 

challenges for different stakeholders, requiring technological upgrades, regulatory 

adjustments, and a strong focus on stakeholder engagement. 

This section analyzes the wider impact of Italy’s MPB framework across three key areas: 

1. Stakeholder impacts – covering electricity producers, consumers, and market 

operators. 

2. Regulatory implications – focusing on adaptations within Italy’s legal and policy 

framework. 

3. Market efficiency and flexibility – assessing how MPBs have influenced price 

formation, investment incentives, and overall market dynamics. 

Stakeholder Impacts: Challenges and Engagement Strategies  

The implementation of MPBs and unit-based bidding in Italy has had profound 

implications for electricity producers, consumers, and market operators, significantly 

reshaping their roles, responsibilities, and market interactions. While these reforms aimed 

to enhance market efficiency, improve price formation, and strengthen grid stability, they 

also introduced new complexities that required technological investments, regulatory 

adjustments, and proactive stakeholder engagement. 

The following table summarizes the key impacts of multi-part bidding on Italy’s 

electricity market stakeholders, highlighting both benefits and challenges encountered in 

the transition process. 

Table 3: How MPBs Affect Different Market Participants in Italy 
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Stakeholder Group Impact of Multi-Part Bidding 

Renewable 

Generators (Wind, 

Solar) 

Enables more accurate locational and temporal price 

signals, improving efficiency; however, increases revenue 

volatility and exposes smaller or standalone generators to 

greater market risks without portfolio hedging options. 

Conventional 

Generators (Gas, 

Hydro, Coal) 

Flexible assets like gas and hydro benefit from flexibility 

premiums and improved dispatch economics; coal plants 

face greater competition and declining margins, 

potentially accelerating exit. 

Industrial Consumers Expanded opportunity for demand-side participation and 

dynamic pricing benefits; however, regional price 

variation may increase energy cost uncertainty, 

particularly for large consumers in constrained zones. 

TSOs (Terna, etc.) Reduced need for manual redispatch and better visibility 

into real-time system conditions; however, requires 

significant upgrades to IT systems and operational 

processes to manage real-time locational pricing. 

Regulators & 

Policymakers 

Supports a more efficient and transparent market design 

aligned with EU reforms; however, transition requires 

careful mitigation of social and regional equity concerns, 

including protection for vulnerable consumers and small 

actors. 

This section examines the key challenges that stakeholders faced during the 

transition to multi-part bidding, as well as the strategies employed to facilitate stakeholder 

engagement and market adaptation. The following subchapters will provide a detailed 

analysis of how electricity producers, consumers, and market operators were specifically 

affected. 
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Overall Challenges Faced by Stakeholders in Italy’s Market Transition 

Italy’s transition toward multi-part bidding and the eventual integration of local 

marginal pricing (LMP) introduced a range of complex challenges for market stakeholders. 

These included the need for significant technological upgrades to enable more granular 

dispatch and real-time pricing, as well as regulatory adjustments to align with evolving EU 

frameworks. Ensuring meaningful stakeholder engagement and maintaining transparency 

during the reform process proved critical, particularly as new market structures required 

trust and coordination among participants. 

One of the most significant concerns was the risk of strategic bidding and market 

manipulation, which became more pronounced in a system where detailed bid structures 

and locational information played a central role. In parallel, uncertainty around long-term 

investment planning emerged due to the possibility of changes in the definition of bidding 

zones. These so-called “dynamic bidding zones” refer to the potential reconfiguration of 

market boundaries to more accurately reflect physical grid constraints over time. While 

such adjustments improve system efficiency, they introduce risk for generators and 

consumers whose economic exposure may shift depending on how zone borders evolve. 

Finally, the transition demanded targeted training and knowledge-sharing initiatives 

to help market participants understand and adapt to the new mechanisms. Together, these 

challenges highlight the multi-dimensional nature of Italy’s market reform and the 

importance of coordinated responses across technical, regulatory, and institutional 

domains. 

Table 4: Key Challenges in Italy’s Transition to Multi-Part Bidding 
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Challenge Description 

Technological Upgrades 

and Market Adaptation 

Investments in IT infrastructure were needed to 

handle granular bid data, optimize market-clearing 

algorithms, and enhance real-time monitoring. 

Regulatory Adjustments 

and Compliance 

Challenges 

New bidding rules, market monitoring, and grid 

management policies were introduced to align with 

EU directives and integrate renewables efficiently. 

Ensuring Stakeholder 

Engagement and Market 

Transparency 

Training sessions, pilot programs, and public 

consultations were conducted to increase acceptance 

and reduce resistance to market changes. 

Mitigating Market 

Manipulation and 

Strategic Bidding Risks 

Measures were taken to prevent strategic bidding 

behaviors like Inc-Dec gaming, including stricter 

compliance rules and enhanced market monitoring. 

Investment Challenges 

and Dynamic Bidding 

Zones 

Frequent changes in zonal boundaries created 

uncertainty for investors, making price forecasting 

difficult and increasing financial risks for long-term 

projects. 

Stakeholder 

Engagement in Market 

Reforms 

Early collaboration between market participants and 

regulators helped refine market rules, address 

adoption barriers, and integrate industry feedback. 

Training and Knowledge 

Sharing 

Industry-wide training, online platforms, and 

technical workshops ensured compliance and 

improved understanding of multi-part bidding. 

The transition to unit-based bidding and LMPs required substantial investments in 

digital infrastructure to process more granular bid data and optimize market-clearing 

algorithms. Market operators and electricity producers had to upgrade their IT systems to 

handle detailed unit-level bidding rather than aggregated portfolio-based offers, enhance 

real-time market monitoring to improve dispatch decisions and congestion management, 

and adapt to a more dynamic and data-intensive market environment that required 

automated decision-making tools. (Bundesministerium für Wirtschaft und Klimaschutz, 
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2025) emphasizes that these technological improvements were essential to ensuring the 

efficiency and transparency of market operations in a more complex bidding environment. 

The adoption of multi-part bidding and LMPs necessitated a series of regulatory 

reforms to align Italy’s market framework with EU energy directives and national policy 

objectives. The Italian energy regulator had to implement new bidding rules governing 

unit-based offers, introduce market monitoring mechanisms to prevent strategic bidding 

behaviors that could distort price formation, and develop grid management policies to 

efficiently integrate increasing shares of renewable energy sources. (Ashour Novirdoust, 

Bichler, et al., 2021) highlight that these regulatory adjustments were crucial in mitigating 

transitional risks and ensuring the new market design functioned as intended while 

maintaining system reliability. 

Given the increased complexity of the bidding structure, effective communication 

and collaboration with stakeholders were essential to ensuring a smooth transition. Italy 

implemented structured engagement strategies, including training sessions and industry 

workshops to educate electricity producers, consumers, and market operators, pilot 

programs that allowed stakeholders to test multi-part bidding mechanisms before full-scale 

implementation, and public consultations where regulators provided transparency on 

upcoming changes and incorporated industry feedback into market rule refinements. 

(Hosseini Imani et al., 2021) note that these engagement efforts helped build trust among 

market participants, address initial resistance, and promote compliance with the new 

system. 

A key concern following the introduction of multi-part bidding was the potential for 

market manipulation, particularly Inc-Dec gaming, where generators exploit inefficiencies 

between day-ahead and real-time markets by strategically adjusting their offers. This type 
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of behavior is primarily a risk in zonal market structures, like Italy’s, where the day-ahead 

market is cleared at aggregated zonal prices, but redispatch decisions in real time are made 

using more granular (often nodal) signals. In contrast, fully nodal markets inherently 

eliminate Inc-Dec gaming opportunities, as both energy and balancing prices are 

determined at the same locational level. 

To address these risks, Italy implemented stricter bidding compliance rules 

requiring generators to submit offers that more accurately reflect true operational costs. It 

also enhanced market monitoring systems to detect and penalize gaming behavior and 

introduced transparency measures aimed at limiting opportunities for strategic distortions. 

These interventions were critical for maintaining market integrity and preventing artificial 

price inflation in the evolving multi-part bidding environment (Ashour Novirdoust, Bichler, 

et al., 2021). 

Dynamic bidding zones improved price efficiency and congestion management but 

introduced investment uncertainty, particularly for renewable energy developers. Harreman 

(2024) highlights that frequent changes in zonal boundaries created difficulties for 

investors attempting to forecast future price signals, increasing financial risk for long-term 

energy projects, complicating investment planning by requiring developers to account for 

potential changes in revenue projections, and making it harder to secure financing for 

capital-intensive RES projects that rely on stable price signals. To address these concerns, 

Italy prioritized enhancing market transparency by ensuring that zonal reconfigurations 

were data-driven and clearly communicated, providing accessible market data to help 

developers anticipate potential shifts, and exploring financial hedging mechanisms such as 

FTRs to mitigate price volatility risks. While these measures helped reduce some 
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investment challenges, dynamic zones remain a contentious issue requiring ongoing policy 

refinement and stakeholder input. 

Stakeholder engagement was a cornerstone of Italy’s success in implementing 

market reforms. Wu et al. (2024) emphasize that early and active collaboration between 

market participants and regulators played a crucial role in identifying potential barriers to 

adoption and addressing them before full implementation, refining market rules based on 

real-world testing in pilot programs, and ensuring that industry feedback was incorporated 

into regulatory decision-making. Newbery et al. (2018) highlight that cooperation between 

national and regional regulators, grid operators, and market stakeholders was essential in 

addressing challenges related to high RES integration and flexibility needs. Italy’s 

stakeholder engagement approach underscores the importance of coordinated actions and 

open communication channels in ensuring the success of market reforms. 

Recognizing that stakeholder education was key to ensuring compliance and 

acceptance, Italy implemented a comprehensive knowledge-sharing framework. This 

included industry-wide training sessions to educate electricity producers, grid operators, 

and consumers on the mechanics of unit-based bidding, online platforms and technical 

documentation providing continuous access to market data and regulatory updates, and 

workshops and conferences to foster knowledge exchange between policymakers, market 

participants, and academic researchers. Hosseini Imani et al. (2021) note that these efforts 

were critical in reducing resistance, increasing stakeholder confidence, and ensuring a 

smooth transition to multi-part bidding. 

Italy’s transition to multi-part bidding and LMP integration reshaped market 

interactions, introducing both efficiencies and challenges for stakeholders. Through 

technological investments, regulatory reforms, and structured engagement efforts, Italy 
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successfully managed these transitions while minimizing disruptions and improving market 

transparency. 

Effects on Electricity Producers 

The introduction of multi-part bidding and unit-based market operations in Italy has 

significantly impacted electricity producers, altering their bidding strategies, revenue 

streams, and investment decisions. While these reforms were designed to enhance cost 

reflectivity, efficiency, and market competitiveness, they have also introduced new 

challenges, particularly regarding price volatility, strategic bidding risks, and investment 

uncertainties. 

One of the most notable changes in Italy’s electricity market has been the 

increasing frequency of negative electricity prices, a trend largely driven by the growing 

penetration of renewable energy sources (RES) and structural changes in price formation 

mechanisms. As Harreman (2024) notes, European electricity markets are seeing more 

frequent episodes of negative pricing, especially in regions with high shares of solar and 

wind generation.  In Italy, this is particularly evident in Sicily and Sardinia, where 

concentrated solar capacity frequently leads to oversupply during midday hours, pushing 

prices below zero. 

Crucially, the rise in negative prices is not simply a reflection of the zero marginal 

cost of renewables like wind and solar. Rather, it is often the result of production-based 

subsidies and feed-in tariff schemes, which guarantee fixed revenues to RES producers 

regardless of market price. These support mechanisms create an incentive for generators to 

bid negatively—sometimes far below zero—to ensure their units remain dispatched and 

continue receiving subsidy payments. Without such contractual arrangements, wind and 
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solar generators would typically bid at or near zero, reflecting their minimal variable costs 

but lacking a reason to offer negative prices. 

Italy has historically relied on a mix of feed-in tariffs, feed-in premiums, and green 

certificate schemes to support renewable deployment. While these mechanisms have 

successfully accelerated RES growth, they also contribute to distortions in market price 

signals—particularly in regions with limited transmission capacity and high RES 

penetration. As negative pricing events become more frequent, these dynamics raise 

important questions about subsidy design, system flexibility, and market integration of 

renewable assets. 

The implications for electricity producers under the evolving market design are 

mixed. Solar power producers, particularly in congested regions like Sicily and Sardinia, 

face declining revenue certainty, as negative pricing events frequently coincide with peak 

solar output, thereby reducing profitability during periods that were once highly lucrative. 

These pricing outcomes send an important locational signal—indicating that, at those times 

and in those places, additional solar generation does not provide system-wide value. This 

reflects a system that is locally saturated due to either excess renewable supply or 

transmission bottlenecks that prevent power from reaching demand centers. 

However, in cases where congestion, rather than systemic oversupply, is the 

primary constraint, there is also an opportunity for proactive transmission planning to 

alleviate bottlenecks and better integrate renewable generation into the market. Enhancing 

grid infrastructure in these areas could help unlock additional renewable potential while 

reducing the frequency and severity of negative pricing episodes. 
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In contrast to solar producers, flexible assets—such as battery storage, pumped 

hydro, and fast-response gas turbines—are increasingly well-positioned to benefit from 

higher intraday price volatility. These technologies can capitalize on short-term 

fluctuations by shifting their dispatch schedules, buying during low or negative price 

periods and selling when prices peak (Harreman, 2024). 

Overall, the new market design has improved price signals and supported more 

accurate cost recovery mechanisms for dispatchable resources. However, it has also 

introduced greater exposure to short-term market risk, particularly for non-dispatchable 

generators, who must now operate in an environment where locational constraints and 

temporal price volatility have a stronger influence on market outcomes. 

The following subsections analyze three key effects of these changes on electricity 

producers: cost reflectivity, market transparency and competition, and price alignment with 

system needs. The shift to unit-based bidding has provided producers with a more precise 

framework for recovering both fixed and variable costs. Unlike the previous portfolio-

based bidding system, where producers submitted aggregated offers for multiple units, the 

new design allows individual generating units to be bid with detailed cost structures, 

improving both dispatch efficiency and market transparency (Hosseini Imani et al., 2021). 

Electricity producers can include the following cost components in their bids: 

• Start-up costs – Fixed costs associated with bringing a unit online. 

• No-load costs – Costs incurred when a unit is running but not generating electricity. 

• Variable costs – Costs per unit of electricity generated. 

• Technical constraints – Operational limitations, such as minimum up/down times, 

ramp rates, and fuel constraints  
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This level of detail ensures that market-clearing decisions better reflect the actual 

operating costs of each power plant, leading to a more efficient allocation of resources. For 

thermal generators, particularly those with high start-up costs or inflexible operating 

conditions, this mechanism improves financial viability and reduces the need for out-of-

market payments to cover cost discrepancies. (Richstein et al., 2018) 

However, while the cost reflectivity benefits dispatchable generators, the transition 

to unit-based bidding has also increased administrative complexity for producers. 

Submitting granular bids requires more sophisticated forecasting models, real-time market 

monitoring, and operational adjustments, adding to the overall transaction costs of market 

participation. Smaller producers, particularly those relying on intermittent renewable 

generation, may find it more difficult to optimize their bidding strategies, placing them at a 

competitive disadvantage compared to larger, more flexible market participants. 

A significant advantage of unit-based bidding is the increase in market 

transparency, as it reduces information asymmetry and ensures that all participants have 

access to more accurate operational data. (Ashour Novirdoust, Bichler, et al., 2021) Under 

this system, electricity producers are required to disclose detailed cost and technical 

information, allowing: 

• More informed decision-making by the TSO, leading to better dispatch outcomes. 

• Improved competition, as market participants can compare true cost structures 

rather than relying on aggregated portfolio bids. 

The Italian Energy Regulatory Authority (ARERA) actively monitors market 

concentration using the Herfindahl-Hirschman Index, ensuring that dominant market 

players cannot exert excessive control over price formation (Hosseini Imani et al., 2021). 
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This oversight is particularly important in regions with limited interconnection capacity, 

where transmission constraints may create localized market power issues. 

However, while transparency and competition have generally improved, there are 

concerns that unit-based bidding increases exposure to strategic bidding tactics. For 

instance, producers may submit bids reflecting artificially inflated costs to influence price 

formation, particularly in zones with frequent congestion issues. Although regulatory 

mechanisms are in place to prevent such behavior, the effectiveness of monitoring tools 

remains a key factor in ensuring fair competition. 

Another notable effect of unit-based bidding is its role in aligning generation 

schedules with real-time market conditions, particularly in a system with high renewable 

energy penetration. In Italy, where renewables accounted for 49.6% of total installed 

capacity in 2022 (Wu et al., 2024), ensuring accurate price signals is critical for: 

• Optimizing dispatch decisions, particularly in response to congestion constraints 

and regional supply fluctuations. 

• Enhancing the participation of intermittent RES, allowing them to submit bids that 

reflect their production variability and technical limitations. 

One example of improved market efficiency is the participation of hydroelectric 

plants in the new bidding system. Hydroelectric producers—particularly those with 

reservoir storage constraints—can now submit bids that reflect their opportunity costs, 

including limited water availability. This ensures that their generation is dispatched when it 

provides the greatest value to the system (Wu et al., 2024). 
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Despite these improvements, some challenges remain. In particular, the increased 

reliance on real-time price formation has led to greater revenue uncertainty for RES 

producers, who must now navigate: 

• More frequent price fluctuations, increasing the difficulty of long-term planning. 

• Higher risk exposure to congestion management costs, particularly in zones with 

limited transmission capacity. 

• A greater need for financial hedging mechanisms, such as long-term contracts or 

FTRs, to mitigate the risks associated with highly localized price signals. 

These factors highlight a core trade-off in Italy’s evolving market design: while 

price signals have become more accurate and reflective of real-time system conditions, 

they also expose certain participants—especially those with inflexible or intermittent 

generation—to greater financial risk. However, it is important to recognize that these risks 

were always present in the system; previously, they were inefficiently socialized or borne 

indirectly, often by producers without the ability to manage them effectively. The new 

framework shifts those risks closer to their source, creating stronger incentives for 

efficiency, flexibility, and better investment signals. 

Effects on Consumers 

The shift to multi-part bidding, dynamic bidding zones, and the increasing 

occurrence of negative electricity prices has introduced both benefits and challenges for 

consumers in Italy. These changes have reshaped price formation mechanisms, altered 

incentives for demand-side flexibility, and affected retail electricity market dynamics. 

Harreman (2024) highlights that while negative prices can lower wholesale costs during 

periods of excess generation, they can also increase price volatility, particularly in regions 
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that frequently experience congestion. This volatility makes demand-side flexibility 

increasingly important, as households, businesses, and industrial consumers will need to 

adapt to these new price signals through automated demand response mechanisms, 

contractual flexibility arrangements, or real-time market participation. 

Italy’s multi-zonal electricity market affects consumers through the National Single 

Price (Prezzo Unico Nazionale, PUN), which serves as a weighted average of zonal prices. 

While producers receive prices based on local zonal conditions, consumers pay a uniform 

price across the entire national market (Hosseini Imani et al., 2021). This pricing structure 

has several implications. First, the PUN smooths out regional price variations, creating 

more stable and predictable electricity costs for consumers. Households and businesses 

benefit from reduced exposure to zonal price fluctuations, making budgeting and financial 

planning easier (Wu et al., 2024). However, because consumers do not see real-time price 

variations in their specific zones, incentives for efficient electricity usage based on local 

conditions are reduced.  

Second, the PUN results in cross-subsidization between zones, where consumers in 

low-cost zones indirectly subsidize those in high-cost zones. Consumers in regions with 

high renewable generation and low congestion costs may end up paying more than they 

would under a fully zonal pricing system. This raises equity concerns, as the uniform 

pricing mechanism may not accurately reflect the true cost of electricity supply across 

different regions. Over time, tensions could arise if some areas feel they are unfairly 

subsidizing higher-cost zones.  

Third, the uniform pricing system in Italy limits demand-side participation by 

dampening the incentives for consumers to adjust electricity consumption based on local 

system conditions. Since the Prezzo Unico Nazionale (PUN) reflects a national average and 
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most consumers are not exposed to real-time or locational price fluctuations, there is little 

motivation—especially among large consumers—to shift usage toward periods of low 

demand or high renewable generation (Ashour Novirdoust, Bichler, et al., 2021). While 

fully locational wholesale pricing systems, such as nodal markets, theoretically provide 

more accurate price signals, similar challenges persist even in these systems when retail 

consumers are not exposed to dynamic pricing. In much of the U.S., for example, 

consumers face zonal or flat retail prices, meaning that even in nodal wholesale markets, 

the price signal is muted unless paired with appropriate retail-level incentives and hedging 

mechanisms. The lack of real-time or time-varying retail prices in Italy constrains demand-

side flexibility, reducing the system’s ability to respond efficiently to congestion or 

renewable intermittency. This limits the role consumers—especially large industrial 

users—can play in supporting grid stability and renewable integration. In response, 

policymakers are exploring reforms such as time-of-use tariffs, real-time retail pricing with 

hedging options, smart grid integration, and expanded demand response programs to enable 

more active and adaptive consumer behavior in the evolving electricity market. 

The shift to multi-zonal bidding and regional price variations has introduced new 

complexities in Italy’s retail electricity market, particularly for retailers aiming to structure 

location-specific pricing packages (Neuhoff et al., 2024). Retailers must now account for 

zonal wholesale price differences, which increases the complexity of pricing strategies and 

may lead to regional disparities in electricity costs. This adds a layer of non-standardization 

to retail offerings and can make it more difficult for consumers to compare prices 

transparently. Similar issues have been observed in Germany, where regional variation in 

distribution tariffs also complicates the retail pricing landscape.  
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Importantly, these challenges do not imply that zonal pricing is inefficient—in fact, zonal 

pricing improves allocative efficiency in wholesale markets by better reflecting grid 

constraints and regional supply-demand balances. Rather, the issue lies in the need to 

design retail market structures that can accommodate these regional differences while 

maintaining clarity, fairness, and accessibility for end users. In Italy’s case, the lack of 

standardization in retail offers means that consumers often need to input their location to 

receive an accurate quote, making the retail market appear less transparent and harder to 

navigate (Ashour Novirdoust, Bichler, et al., 2021). To ensure that efficiency gains at the 

wholesale level are not offset by complexity at the retail level, regulatory measures—such 

as price comparison tools, clear disclosure rules, and location-based protections—are 

essential. Italy’s experience underscores the importance of balancing wholesale market 

precision with retail-level clarity, so that consumer participation and retail competition are 

not unintentionally hindered by increasing market sophistication. 

Ensuring consumer engagement and awareness of electricity price formation 

remains a key challenge in Italy’s market reform. The complexity of the market design, 

particularly with multi-part bidding and regional pricing, risks reducing consumer trust and 

engagement in market-based programs. Consumers who do not fully understand how price 

formation works may be less willing to participate in demand response programs or opt for 

dynamic pricing contracts. Key barriers to consumer engagement include a lack of 

transparency in price formation, limited awareness of flexibility options such as demand 

response programs, and complex electricity tariffs that discourage market participation. To 

address these issues, Italy has introduced initiatives such as educational campaigns 

explaining the benefits of demand-side participation, regulatory requirements for clearer 
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electricity bills, and pilot programs for time-of-use tariffs that give consumers more control 

over their electricity costs. While these measures have improved awareness, ongoing 

efforts will be needed to ensure that small businesses and residential users can navigate the 

evolving market structure effectively. 

Effects on Market Operators and Grid Management 

The transition to multi-part bidding, unit-based market operations, and dynamic 

zonal pricing in Italy has significantly transformed grid management and market 

operations, enhancing real-time system coordination while introducing new complexities. 

Italy’s TSO, Terna, has improved its dispatch capabilities under the Testo Integrato del 

Dispacciamento Elettrico (TIDE) framework, allowing better alignment of dispatch 

decisions with real-time system conditions (Harreman, 2024). However, these 

advancements have also increased market volatility, requiring grid operators to adapt to 

higher levels of uncertainty and flexibility needs. 

One major challenge is the erosion of flexibility resources due to prolonged 

negative price periods, which has already led to the decline of traditional spinning reserves 

in other European markets. (Harreman, 2024) Extended periods of low or negative prices 

can discourage investment in conventional flexibility providers, such as thermal power 

plants, which have historically provided system stability. Although Italy currently relies on 

its extensive fleet of Combined Cycle Gas Turbines (CCGTs) for system flexibility, 

continued investment in fast-response assets, such as battery storage and demand-side 

flexibility, will be necessary to maintain system stability. (Harreman, 2024) 

The shift to unit-based bidding has significantly enhanced grid management by 

providing more granular data on generator costs, ramp rates, and technical constraints 
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(Hosseini Imani et al., 2021). This increased transparency allows Terna to make more 

precise and cost-effective dispatch decisions, reducing inefficiencies associated with the 

previous portfolio-based bidding model. With unit-level bidding, the TSO can better 

anticipate congestion, optimize dispatch, and integrate RES into the grid more effectively 

(Hosseini Imani et al., 2021). However, managing the larger volume of bidding data 

requires advanced IT infrastructure and real-time processing capabilities, increasing 

operational complexity. Greater reliance on market-based mechanisms also means that grid 

operators have less direct control over balancing resources, requiring improved 

coordination between the TSO and market participants. 

The implementation of zonal pricing with dynamic redispatch mechanisms has 

strengthened real-time congestion management in Italy by allowing prices to reflect 

localized transmission constraints within predefined market zones. While the zonal 

boundaries themselves do not change frequently, the price signals within and between 

zones adjust dynamically in response to congestion, helping internalize grid constraints into 

market outcomes. This approach reduces reliance on out-of-market redispatch and enables 

more efficient, market-based responses to evolving system conditions. 

However, persistent bottlenecks—such as those regularly observed in the Central-

South zone—continue to pose risks. In areas with limited transmission capacity and a small 

number of active generators, local market power can lead to strategic bidding behavior, 

resulting in inflated prices and inefficient redispatch. These risks are compounded when 

structural congestion is not adequately reflected in the current zonal configuration. 
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Addressing these challenges will require a combination of targeted infrastructure 

investments, enhanced market monitoring, and periodic reevaluation of zonal boundaries to 

ensure they align more closely with actual system constraints. By improving how zonal 

configurations reflect real-time network conditions, Italy can reduce distortions, improve 

price signals, and support more competitive outcomes in congested areas (Caporin et al., 

2022). 

The increasing complexity of Italy’s market structure has necessitated substantial 

technological investments, including advanced IT systems capable of handling more 

granular bid data, optimizing real-time dispatch, and improving congestion forecasting 

(Bundesministerium für Wirtschaft und Klimaschutz, 2024). These advancements have 

improved decision-making speed and increased system resilience by allowing automated 

responses to real-time grid imbalances. However, these benefits come with operational 

risks. The heavy reliance on automated market processes introduces cybersecurity 

vulnerabilities, raises concerns about algorithmic transparency, and requires continuous 

regulatory oversight to ensure fairness and efficiency. 

Market operators, such as Gestore dei Mercati Energetici (GME), now play a more 

critical role in coordinating market-clearing processes and ensuring alignment between 

market operations and system reliability (Wu et al., 2024). The integration of MPBs and 

LMP-like pricing has increased the need for close coordination between market operators 

and the TSO, particularly in balancing market efficiency with congestion management. The 

introduction of unit-based bidding has enabled the system operator to directly manage 

generation and flexibility resources, leading to improved congestion management and 

reduced reliance on redispatch. (Eicke & Schittekatte, 2022) However, the persistence of 
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congestion-related inefficiencies highlights the need for ongoing refinements, particularly 

in high-risk areas with frequent grid bottlenecks. 

While these developments have enhanced price signals and improved dispatch 

efficiency, they also require continuous adaptation to address regulatory challenges, market 

complexity, and investment uncertainty. Italy’s experience demonstrates both the 

advantages of a more granular market design and the challenges of maintaining market 

stability in a system with high renewable penetration. Further refinements to bidding rules, 

congestion pricing mechanisms, and market monitoring frameworks will be necessary to 

ensure that grid operators can maintain reliability while maximizing market efficiency. 

Regulatory Implications of Multi-Part Bidding in Italy 

Italy's regulatory framework is shaped by a combination of EU directives and 

national policies, reflecting the country's efforts to enhance market flexibility, integrate 

RES, and improve grid efficiency. The gradual evolution of Italy’s electricity market 

design has led to the adoption of multi-part bids, unit-based bidding, and LMP-like 

elements, all of which contribute to more precise price signals for dispatch and congestion 

management. 

However, while these regulatory adjustments have improved transparency and 

efficiency, they have also introduced challenges, particularly regarding balancing market 

distortions, strategic bidding risks, and congestion management inefficiencies. 

Additionally, Italy’s double-pricing system for balancing services has raised concerns 

about system costs and market fairness, necessitating ongoing regulatory refinements. 
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The following sections examine the key regulatory implications of multi-part 

bidding in Italy, covering: 

• Adoption of unit-based bidding and LMPs, including challenges related to 

balancing market distortions. 

• National policies and programs, highlighting initiatives supporting market stability 

and renewable energy integration. 

• Alignment with EU directives, ensuring compliance with European electricity 

market harmonization efforts. 

• Reforms to market rules, focusing on changes to bidding requirements, zonal 

pricing, and grid coordination. 

• Technological investments, addressing the need for advanced market-clearing 

systems and digital infrastructure. 

Adoption of Unit-Based Bidding and LMPs 

A fundamental component of Italy’s electricity market reforms has been the 

introduction of unit-based bidding and partial locational price signals into a system that 

otherwise continues to operate under a zonal market structure. This hybrid approach was 

developed to enhance dispatch efficiency and congestion management, especially in the 

balancing timeframe, without fully transitioning to a nodal market model. 

Italy’s balancing market, known as the Mercato per il Servizio di Dispacciamento 

(MSD), is where much of this innovation takes place. In the MSD, generators submit unit-

specific bids to increase or decrease output in response to real-time grid conditions. These 

bids include detailed cost information (such as startup costs and ramping constraints) and 
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are evaluated by Terna, the Transmission System Operator (TSO), to balance the system in 

the most efficient and reliable way. 

Unlike day-ahead markets, which rely on zonal clearing prices averaged across 

broad geographic areas, the MSD incorporates locational considerations into its dispatch 

decisions—even though the settlement price remains zonal. In practice, Terna selects bids 

based not only on price but also on the physical location of each generating unit and the 

associated network constraints. As a result, dispatch decisions reflect nodal conditions, 

even though market participants are paid zonal prices, leading some scholars to refer to this 

as a system with LMP-like dispatch and zonal settlement. 

Adding further complexity, the MSD uses a double-pricing mechanism: one price is 

applied for upward balancing (increasing generation or decreasing demand), and a separate 

price is used for downward balancing (decreasing generation or increasing demand). These 

prices are determined through pay-as-bid auctions, meaning that each accepted unit 

receives the price it offered. While this structure is intended to reflect the asymmetric costs 

of managing congestion and flexibility, it can also lead to distortions, particularly when 

there is local market power or limited competition in a constrained zone. 

The result is a system that blends centralized unit-level dispatch with partial 

locational awareness, but lacks the full transparency and efficiency of a nodal pricing 

model. This hybrid structure has improved grid responsiveness and enabled more granular 

dispatch, yet it has also introduced new challenges, including strategic bidding behavior, 

inefficient redispatch, and non-transparent cost recovery, especially in chronically 

congested zones (Caporin et al., 2022). 
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Challenges of Italy’s Double-Pricing System in the Balancing Market 

One of the persistent inefficiencies in Italy’s Mercato per il Servizio di 

Dispacciamento (MSD) balancing framework stems from the use of asymmetric pricing for 

upward and downward balancing actions. In this context, “upward” adjustments refer to 

actions that increase net supply to the grid—either by instructing generators to ramp up 

production or, in rarer cases, by calling on flexible consumers to reduce demand. 

Conversely, “downward” adjustments reduce net supply—typically through generator 

curtailment or, where applicable, by encouraging an increase in demand. These 

categorizations are based on their impact on system balance, not economic causality, and 

are standard in TSO operations. 

Ideally, a well-functioning balancing market would price these actions 

symmetrically, based on the marginal cost of rebalancing the system at a specific location. 

However, Italy’s market design uses a double-pricing mechanism, where upward and 

downward adjustments are priced separately and on a pay-as-bid basis, leading to persistent 

spreads between the two. Upward balancing prices are often significantly higher than 

downward prices—even when both actions serve the same purpose of maintaining system 

balance—which creates three major inefficiencies: 

• Higher balancing costs: The TSO incurs unnecessary expenditures when forced to 

activate expensive upward bids, even in situations where more cost-effective 

options might exist. 

• Inefficient redispatch: Instead of following least-cost dispatch principles, balancing 

decisions are distorted by this pricing asymmetry and constrained by zonal 

limitations, resulting in suboptimal grid usage. 
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• Reduced liquidity and participation: The asymmetry can discourage participation, 

particularly from intermittent generators like wind and solar, who face financial 

uncertainty and may avoid submitting flexible offers. 

These inefficiencies are compounded by Italy’s continued use of a zonal pricing 

model, which applies a single market-clearing price to broad geographic zones, even 

though balancing and redispatch decisions are made using unit-level and locational 

information. Italy has introduced some LMP-like elements—such as unit-based bidding, 

real-time dispatch based on locational constraints, and nodal awareness in TSO decision-

making—but these are implemented within a framework that settles payments at zonal 

prices. This hybrid approach creates a disconnect between how dispatch decisions are made 

and how market participants are paid. 

As a result, even though unit-based bidding has improved operational transparency 

and dispatch accuracy, the absence of full LMP implementation limits the benefits. 

Specifically, it: 

• Conceals true marginal costs by averaging prices across zones, limiting the 

effectiveness of congestion management; 

• Increases the need for redispatch, as market-clearing outcomes diverge from real-

time system conditions; 

• And creates investment uncertainty, as market participants struggle to forecast their 

exposure to balancing costs in a system where price signals are only partially 

locational (Ashour Novirdoust, Bichler, et al., 2021). 

A clearer distinction between dispatch logic (which is increasingly nodal) and 

settlement logic (which remains zonal) is essential to understanding the core inefficiencies 

in Italy’s current market structure. 
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Market Power and Strategic Bidding Risks 

A further complication of Italy’s double-pricing structure is its potential to 

exacerbate market power risks, particularly in highly congested zones where a limited 

number of generators can exert influence over local supply-demand conditions. Ashour 

Novirdoust, Bichler, et al. (2021) highlight that this pricing asymmetry allows certain 

producers to engage in strategic bidding, manipulating price spreads through Inc-Dec 

gaming. This phenomenon occurs when market participants artificially create local scarcity 

by: 

1. Withholding generation capacity to increase upward adjustment prices artificially. 

2. Bidding aggressively low for downward adjustments, driving balancing costs higher 

in certain areas. 

3. Exploiting predictable price differences in congested zones, creating distortions that 

do not necessarily reflect real-time grid conditions. 

Graf and Wolak (2020) provide empirical evidence that this type of gaming 

behavior is not merely theoretical but actively occurs in Italy’s zonal market structure. 

They show that the mismatch between zonal pricing in the energy market and more 

granular redispatch signals enables generators to profit from inefficiencies without 

contributing to physical reliability. In particular, generators with local market power in 

constrained zones can systematically benefit from redispatch instructions that are 

misaligned with actual scarcity, leading to inefficient dispatch outcomes and elevated 

system costs. (Graf & Wolak, 2020) 

While Italy’s regulatory authority has taken steps to strengthen market surveillance, 

the persistence of these behaviors suggests that more structural reforms—such as enhanced 
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locational pricing mechanisms and stricter bidding constraints—may be needed to curb 

gaming opportunities and improve the integrity and efficiency of the balancing market. 

Regulatory Adjustments to Improve Market Efficiency 

Recognizing the challenges posed by zonal pricing and balancing market 

inefficiencies, Italy has implemented several regulatory adjustments aimed at: 

• Enhancing transparency in dispatch operations – By requiring generators to submit 

unit-level bids, market operators can more effectively evaluate the true costs of 

dispatch decisions. 

• Aligning market design with RES integration goals – Neuhoff et al. (2024) 

highlight that multi-part bidding and unit-level cost reporting have played a crucial 

role in enabling renewable generators to participate more effectively in balancing 

markets. 

• Reducing reliance on portfolio-based bidding – Unlike in traditional market 

designs, where RES generators often faced disadvantages due to their variable 

output, unit-based bidding allows them to submit bids that accurately reflect their 

operational constraints. 

These regulatory refinements have provided stronger price signals for flexibility, 

encouraging: 

• Investment in battery storage, as flexibility providers can now price their services 

based on real-time grid needs. 

• Expansion of demand-side response, allowing consumers to adjust their 

consumption patterns in response to balancing market incentives. 
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• Development of fast-ramping backup generation, improving system resilience while 

reducing the need for costly redispatch interventions. 

Despite these improvements, Italy’s market design still faces key challenges in 

ensuring cost-efficient balancing and grid flexibility. In regions with high renewable 

penetration but limited transmission capacity—such as southern Italy—renewable energy 

producers frequently face curtailment, where their output is reduced to maintain system 

balance. While some level of curtailment is economically optimal in any well-functioning 

system, persistent curtailment driven by structural congestion and inefficient locational 

signals imposes recurring costs on RES operators and can discourage long-term investment 

in renewable capacity. 

Neuhoff et al. (2024) emphasize that continued regulatory refinements will be 

necessary to: 

1. Address inefficiencies in balancing market pricing, particularly by reducing price 

asymmetries that inflate system costs. 

2. Ensure that market design reforms do not disproportionately disadvantage RES 

producers, who rely on accurate price signals for investment decisions. 

3. Expand the use of locational pricing mechanisms, improving real-time congestion 

management while maintaining market efficiency.  

National Policies and Programs 

Beyond structural market reforms, Italy has implemented several regulatory and 

policy instruments to support renewable energy growth, market stability, and electricity 

system flexibility. These initiatives have played a crucial role in facilitating the transition 

toward a more competitive, efficient, and sustainable electricity market, ensuring 
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compliance with EU directives and improving alignment with broader European electricity 

market harmonization efforts. 

This section expands on key national policy mechanisms, their impact on Italy’s 

electricity market, and their relevance in the context of multi-part bidding and flexibility 

market design. 

Green Certificates: Promoting Renewable Energy Growth 

The Green Certificate (Certificati Verdi) system was introduced in Italy as a 

tradable renewable energy certificate to promote investment in renewable generation 

technologies. Under this scheme, electricity suppliers were required to purchase a certain 

percentage of green certificates proportional to their total electricity sales, creating a 

financial incentive for RES development. 

Impact on the Electricity Market: 

• Encouraged integration of RES into market portfolios, increasing overall renewable 

penetration. 

• Provided market-based incentives for RES expansion rather than relying solely on 

government subsidies. 

• Facilitated Italy’s compliance with EU renewable energy targets, particularly under 

Directive 2009/28/EC on the promotion of RES. 

Relevance to Multi-Part Bidding: 

• Encouraged the participation of renewable generators in market mechanisms. 

• Helped pave the way for unit-based bidding by incentivizing RES market 

engagement. 
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• Although Green Certificates contributed significantly to early RES adoption in 

Italy, they were eventually phased out in favor of other support mechanisms, such 

as auctions and feed-in premiums. 

Conto Energia: The Role of Feed-in Tariffs (FiTs) in Solar Expansion 

Italy’s Conto Energia program was one of the most influential policy mechanisms 

for expanding solar PV capacity in the country. It provided long-term, stable remuneration 

for solar investments through FiTs, ensuring guaranteed income for photovoltaic producers. 

This policy led to one of the fastest solar capacity expansions in Europe, significantly 

increasing Italy’s share of solar generation. It also ensured long-term financial viability for 

renewable energy investors, reducing the risk associated with volatile wholesale market 

prices. Additionally, it helped Italy meet EU renewable energy targets under the Renewable 

Energy Directive 2009/28/EC and later Directive (EU) 2018/2001. 

While FiTs initially shielded solar producers from market exposure, the transition 

toward competitive auctions and market-based pricing required renewable energy 

generators to actively participate in electricity markets. The phase-out of FiTs in favor of 

market-based remuneration schemes directly aligns with Italy’s shift to unit-based bidding, 

ensuring that renewable generators submit competitive bids reflecting their operational 

constraints. Although Conto Energia played a crucial role in scaling up Italy’s solar PV 

sector, its long-term financial burden on consumers led to its progressive replacement with 

market-driven incentives, such as FiTs with decreasing remuneration rates and renewable 

energy auctions. 

TIDE – 2025 Market Reform 

One of the most significant regulatory developments affecting Italy’s electricity 

market design is the TIDE (Testo Integrato del Dispacciamento Elettrico, wich translates to 
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Integrated Text on Electricity Dispatching) reform, set to be implemented in 2025. TIDE 

represents a major restructuring of Italy’s dispatching and balancing markets, introducing 

key innovations to further align the country’s electricity system with EU market 

harmonization objectives (Harreman, 2024). 

The reform introduces dynamic bidding zones, replacing static zonal configurations 

with real-time flexible adjustments to ensure that price signals better reflect grid 

conditions. Negative electricity prices will be introduced to strengthen price signals for 

storage and demand-side flexibility, encouraging market participation in balancing 

services. Market-based procurement of balancing reserves and ancillary services aims to 

increase cost efficiency while reducing reliance on out-of-market interventions. 

Additionally, TIDE enhances alignment with EU electricity market integration, improving 

cross-border interconnectivity. 

These changes strengthen real-time congestion management, improving grid 

stability, and provide more accurate and location-sensitive price signals, enhancing 

investment incentives for flexibility resources. The reform also encourages greater 

participation of renewable and storage assets in balancing markets. In the context of multi-

part bidding, TIDE ensures that unit-based bidding mechanisms remain efficient within the 

new dynamic bidding framework. It also enhances liquidity in balancing markets by 

optimizing the participation of fast-response assets and addresses inefficiencies in 

congestion pricing, improving the integration of renewable energy sources into dispatch 

markets. 

National Energy Strategy (Strategia Energetica Nazionale - SEN) 2017 

The National Energy Strategy 2017 outlines Italy's long-term energy objectives, 

focusing on competitiveness, sustainability, and security of supply. (Ministero dello 
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Sviluppo Economico & Ministerio Dell’Ambiente E Della Tutela Del Territorio E Del 

Mare, 2017) Key targets include: 

• Energy Efficiency: Reducing final energy consumption by 10 million tonnes of oil 

equivalent (Mtoe) by 2030. 

• Renewable Energy: Achieving a 28% share of renewables in total energy 

consumption and a 55% share in electricity consumption by 2030. 

• Energy Security: Enhancing energy supply security and flexibility, and 

strengthening Italy’s energy independence. 

These targets aim to improve the competitiveness of the energy system and 

environmental sustainability.  

National Integrated Energy and Climate Plan (Piano Nazionale Integrato per l'Energia e il 

Clima - PNIEC) 

Italy's PNIEC, submitted to the European Commission, builds upon the SEN 2017 

and sets forth comprehensive strategies to meet EU climate and energy objectives for 2030. 

(European Commission, 2021) The plan includes: 

• Renewable Energy Goals: Aiming for renewables to account for 30% of total 

energy consumption and 55% of electricity generation by 2030. 

• Emissions Reduction: Targeting a significant decrease in greenhouse gas emissions 

across all sectors. 

• Energy Efficiency: Implementing measures to enhance energy efficiency in various 

industries. 

The PNIEC emphasizes the integration of RES and the development of a flexible, 

efficient electricity market.  
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National Recovery and Resilience Plan (Piano Nazionale di Ripresa e Resilienza) 

As part of the EU's Recovery and Resilience Facility, Italy's PNRR, launched in 

2021, allocates substantial investments toward the green transition, including: 

• Renewable Energy Production: Investing in projects to increase the production of 

renewables. 

• Energy Efficiency: Enhancing energy efficiency across various sectors. 

• Grid Modernization: Strengthening energy distribution networks to support the 

integration of RES. 

The PNRR aims to accelerate the deployment of renewables and upgrade the 

national grid infrastructure to enable advanced market mechanisms—such as multi-part 

bidding, real-time locational pricing, and demand-side participation. A key reform that 

supports these objectives is the TIDE (Testo Integrato del Dispacciamento Elettrico) 

framework, introduced in 2022 and scheduled for implementation in 2025. TIDE 

restructures Italy’s dispatch and balancing markets to align more closely with EU 

electricity market harmonization goals. It introduces dynamic bidding zones, facilitates 

negative electricity prices, and supports market-based procurement of balancing and 

ancillary services—directly contributing to the PNRR’s modernization agenda. 

(International Trade Administration, U.S. Department of Commerce, 2024) 

Alignment with EU Directives 

Italy's electricity market regulations have been shaped by EU directives, ensuring 

that national reforms align with broader EU energy market integration, sustainability, and 

liberalization goals. The transition toward multi-part bidding, unit-based bidding, and 
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advanced congestion management mechanisms in Italy reflects a wider European effort to 

promote market efficiency, flexibility, and consumer participation. 

Key EU directives influencing Italy’s market design include: 

1. Directive (EU) 2019/944 on common rules for the internal market for electricity. 

2. The Clean Energy for All Europeans Package (2019), which reinforces the 

integration of RES, market competition, and consumer empowerment. 

These directives have provided a regulatory foundation for Italy’s adoption of 

multi-part bidding, dynamic pricing models, and real-time congestion management. 

Directive (EU) 2019/944: Establishing a Liberalized, Flexible Electricity Market 

Adopted in 2019, Directive (EU) 2019/944 serves as the cornerstone of European 

electricity market liberalization, aiming to: 

• Enhance competition and transparency by ensuring that all market participants, 

including RES producers, have fair access to electricity markets. 

• Facilitate consumer participation, allowing households and businesses to engage in 

demand-side flexibility, price-responsive bidding, and energy storage. 

• Improve cross-border market integration, ensuring that electricity trading across EU 

member states remains efficient and competitive. 

Impact on Italy’s Multi-Part Bidding System: 

• Required regulatory changes to facilitate unit-based bidding, ensuring that 

generators can submit detailed, transparent cost structures. 

• Supported the transition toward more accurate congestion pricing, improving the 

efficiency of redispatch and balancing markets. 
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• Mandated enhanced real-time coordination between market operators and TSOs, 

aligning Italy’s balancing markets with broader EU objectives. 

This directive ensured that Italy’s transition to a multi-part bidding system was 

compliant with EU liberalization principles, reinforcing market-based pricing mechanisms 

and reducing out-of-market interventions. 

The Clean Energy for All Europeans Package: Supporting RES Integration 

The Package introduced several key measures aimed at strengthening the role of 

renewable energy in electricity markets, facilitating cross-border electricity trading, 

enhancing interconnectivity, and supporting the phase-out of coal in favor of cleaner 

energy sources. Under this framework, Italy was required to ensure market-based price 

formation, preventing excessive subsidies for fossil fuels, while also improving 

transparency in renewable energy bidding to create a level playing field between RES 

generators and conventional producers. Additionally, the package mandated enhancements 

in locational price signals to reduce distortions caused by outdated pricing mechanisms. 

(European Commission, 2016) 

In terms of multi-part bidding and congestion management, these regulatory 

reforms encouraged Italy to adopt dynamic bidding zones, replacing static congestion 

management with real-time pricing adjustments. Cost-reflective balancing market pricing 

was also promoted, ensuring more efficient integration of renewable energy into dispatch 

markets. Furthermore, the package enabled RES producers to actively participate in 

balancing services, reinforcing the role of multi-part bidding in improving market 

efficiency for renewables. By implementing these reforms, Italy has maintained 

compliance with EU market harmonization efforts, ensuring that its electricity markets 

function within a broader interconnected European system. 
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Market Efficiency and Flexibility Gains from Multi-Part Bidding in Italy 

Italy's decision to transition from a zonal pricing model to a more granular unit-

based system was primarily motivated by the need to improve market efficiency, enhance 

price formation, and increase flexibility in a system with high renewable energy 

penetration. Multi-part bidding and unit-based pricing have reshaped market operations, 

allowing more accurate cost recovery, better dispatch efficiency, and more responsive 

market dynamics. 

This section examines the efficiency and flexibility gains achieved through multi-

part bidding, highlighting improvements in price signals, congestion management, and 

renewable energy integration, while also addressing remaining challenges such as 

regulatory complexity and market power risks. 

Enhancing Market Efficiency through Multi-Part Bidding 

A key feature of Italy’s multi-part bidding framework is the implementation of unit-

based bidding in the MSD, operated by Terna, the Italian TSO. Under this system, 

generators submit detailed, unit-specific bids, which include: 

• Start-up costs – Reflecting the financial requirements to bring a unit online. 

• No-load costs – Capturing costs incurred when a unit is operational but not 

generating electricity. 

• Variable costs – Covering fuel and operational expenditures per unit of electricity 

produced. 

• Technical constraints – Including minimum run times, ramp rates, and other 

operational limits.  
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By incorporating this level of granular bidding, Terna can optimize dispatch 

decisions based on accurate unit-specific information, leading to: 

• Improved cost efficiency – More precise cost-reflective pricing ensures that 

generators are compensated fairly, reducing inefficient out-of-market payments. 

(Hosseini Imani et al., 2021) 

• Enhanced price signals – More detailed cost structures improve locational price 

accuracy, allowing market participants to respond appropriately to supply and 

demand conditions. (Ashour Novirdoust, Bichler, et al., 2021) 

• Greater transparency – Unit-based bidding reduces information asymmetry in the 

market, ensuring that all participants operate with clearer visibility of the true cost 

structure. (Wu et al., 2024) 

A comparative analysis by Richstein et al. (2018) finds that Italy’s electricity 

market—particularly its use of unit-based bidding and partial locational signals in the 

balancing market—has improved price transparency and short-term cost efficiency relative 

to other European zonal systems. For example, the study highlights that Italy exhibits lower 

redispatch volumes as a percentage of total generation compared to countries like Germany 

and France, suggesting that its hybrid approach allows for more efficient use of available 

grid capacity. Additionally, Italy’s adoption of explicit merit-order selection in the MSD 

has improved the alignment between market outcomes and real-time system needs. 

However, these efficiency gains come with trade-offs. As noted by Harreman 

(2024), Italy’s system imposes significantly higher operational and IT burdens on both 

market participants and the TSO, due to the complexity of unit-based offer structures, pay-

as-bid settlement, and zonal-nodal dispatch mismatches. Harreman also points to the 

increased frequency of regulatory interventions, particularly in congested zones, where 
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market power concerns require continuous oversight and recalibration of bidding rules and 

monitoring protocols. (Harreman, 2024) 

Integration of Locational Pricing Mechanisms 

Italy’s hybrid zonal and LMP-based pricing model has played a pivotal role in improving 

market efficiency. The system balances: 

1. Zonal Pricing for Day-Ahead Markets 

• Provides regional price differentiation based on forecasted transmission 

constraints. 

• Supports efficient cross-border trading with neighboring European markets by 

aligning with standard zonal coupling mechanisms. 

2. LMP-Like Elements in Balancing Markets 

• Enables more granular real-time congestion management. 

• Improves accuracy of redispatch signals, reducing inefficiencies in balancing 

and ancillary services. (Ashour Novirdoust, Bichler, et al., 2021) 

Despite these benefits, zonal pricing in Italy still poses structural inefficiencies: 

• Persistent price divergence between northern and southern zones – These price 

differences accurately reflect underlying disparities in renewable resource 

availability, transmission capacity, and local demand. While not an inefficiency per 

se, such divergence can raise equity concerns and complicate long-term investment 

decisions, particularly in areas with limited transmission access. (Eicke & 

Schittekatte, 2022) 
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• Market power concerns in congested zones – In zones such as Central-South Italy, 

where generation is concentrated among a few players, local market power can lead 

to strategic bidding behavior and inflated redispatch costs. This necessitates 

stronger market monitoring and potential bidding rule refinements. (Caporin et al., 

2022) 

To mitigate these challenges, Italy has introduced: 

• The TIDE reform’s dynamic bidding zones aim to reduce market power in 

persistently congested zones by adjusting zone boundaries in real time, thereby 

reflecting actual grid constraints more accurately. This can limit the ability of 

individual generators to dominate a fixed zone and introduces competitive pressure 

by reshuffling zonal boundaries based on real-time conditions. (Harreman, 2024) 

• Simultaneously, refinements to congestion pricing models are designed to improve 

locational investment signals, particularly for flexible assets such as storage and 

dispatchable renewables. By strengthening the economic signals in zones with 

frequent congestion or curtailment, these measures help redirect long-term 

investment to areas where system flexibility is most needed. (Caporin et al., 2022) 

Although these reforms have improved dispatch efficiency and transparency, 

comparative studies suggest that a full transition to nodal pricing could further reduce 

redispatch costs, enhance competition in real-time operations, and provide more stable 

investment signals across the entire system. (Eicke & Schittekatte, 2022) 
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The Role of Italy’s Zonal Market Structure 

Italy operates a zonal electricity market as part of its liberalized power sector. The 

market is structured around multiple geographic pricing zones—currently six domestic 

zones and several foreign virtual zones—that aim to reflect major transmission bottlenecks 

within the country. While generation is settled at zonal prices, demand is typically charged 

using a uniform national average price, known as the Prezzo Unico Nazionale (PUN). This 

hybrid approach seeks to balance locational efficiency in generation with social equity and 

simplicity in retail pricing. 

The core of this system is the Day-Ahead Market (Mercato del Giorno Prima, 

MGP), which clears one day in advance and determines zonal prices based on submitted 

supply and demand offers. The market-clearing process proceeds in three main steps: 

1. Construction of Aggregate Supply and Demand Curves 

• Market participants submit bids and offers, which are aggregated into supply 

and demand curves. 

2. Verification of Interzonal Transmission Limits 

• The system checks whether interzonal flows exceed transmission capacity 

constraints. 

3. Determination of Market-Clearing Prices 

• If interzonal flows remain within limits, a single market-clearing price is set. 

• If constraints are violated, the market is split into separate pricing zones, each 

with its own local price. (Hosseini Imani et al., 2021) 

Once zonal prices are determined, they are used to settle transactions with 

generators and large wholesale buyers. For retail consumers, however, Italy applies the 
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PUN, a demand-weighted average of zonal prices. This simplifies billing and shields most 

consumers from regional price volatility—though it may dilute the price signals needed to 

incentivize demand-side flexibility and location-sensitive investment. 

Despite improvements in market efficiency, Italy’s zonal model still faces structural 

challenges. Persistent price divergence between northern and southern zones remains a 

prominent issue. The concentration of solar generation in the south and higher industrial 

demand in the north creates sustained price differentials, which can introduce investment 

uncertainty and reduce system-wide efficiency. (Eicke & Schittekatte, 2022) Additionally, 

local market power concerns persist in zones with chronic congestion and limited generator 

competition, such as the Central-South zone, where strategic bidding can distort prices and 

lead to inefficient redispatch outcomes. (Caporin et al., 2022) 

To address these limitations, the TIDE reform introduces dynamic bidding zones, 

replacing static geographic boundaries with zones that adjust in real time based on actual 

grid congestion. This mechanism is designed to reduce redispatch costs by improving the 

alignment between market-clearing prices and physical grid constraints. (Harreman, 2024) 

While dynamic zoning represents a significant improvement, many experts argue that full 

nodal pricing—as used in U.S. markets like PJM and ERCOT—could offer even greater 

efficiency gains by providing real-time locational signals to both generators and 

consumers. (Richstein et al., 2018) 

Strengthening Market Flexibility and RES Integration 

Italy’s multi-part bidding framework has also been instrumental in improving 

market flexibility, particularly in balancing renewable generation variability. Accurate 
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price signals incentivize investment in battery storage and fast-ramping generation. 

(Newbery et al., 2018) 

• Negative electricity prices (introduced under TIDE) encourage market-based 

bidding strategies, allowing RES generators to optimize their dispatch. (Harreman, 

2024) 

• RES participation in balancing markets has increased, enabling more cost-efficient 

system balancing. (Wu et al., 2024) 

However, the increased volatility from dynamic pricing zones presents challenges 

for investor certainty, particularly for long-term renewable project financing. (Harreman, 

2024) 

Capacity Market Mechanisms and Dispatchable Generation 

To support long-term system adequacy and ensure reliability under increasing 

renewable penetration, Italy has introduced capacity market mechanisms aimed at 

incentivizing investment in dispatchable and flexible resources. These mechanisms are 

intended to support: 

• Fast-ramping combined-cycle gas turbines (CCGTs) and other flexible generation 

technologies that can respond quickly to short-term imbalances. 

• Battery storage and demand-side response, which provide operational flexibility 

and enhance grid stability during peak or volatile conditions. 

• Long-term resource adequacy contracts, designed to offer financial certainty for 

investors in dispatchable capacity. 

In principle, these measures complement Italy’s multi-part bidding system by 

helping ensure that cost-effective, flexible capacity is available to support real-time 
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operations—thereby reducing the need for out-of-market interventions such as 

administrative redispatch. (Newbery et al., 2018) 

However, the effectiveness of capacity markets depends heavily on implementation 

details. A key criticism in both academic and policy circles is that many capacity 

mechanisms fail to align incentives with real-time availability—rewarding installed 

capacity without ensuring that resources are actually online and responsive when needed. 

As Italy continues to refine its market design, ensuring that capacity payments are tightly 

linked to operational performance and real-time reliability will be essential for maintaining 

both system security and economic efficiency.  

Technological Investments Supporting Market Efficiency 

Italy has undertaken significant technological investments to enhance its electricity 

market operations, particularly in the context of multi-part bidding and efficient market 

management. These investments are crucial for handling the complexities associated with 

advanced market mechanisms and ensuring the seamless integration of RESs. 

1. Advanced Market-Clearing Algorithms 

To manage the intricacies of multi-part bidding, Italy has developed sophisticated 

market-clearing algorithms. These algorithms are designed to process complex bid 

structures efficiently, ensuring optimal dispatch decisions that reflect both economic and 

technical constraints. A study by Di Persio and Fraccarolo (2023) highlights the use of 

linear programming models to simulate the allocation process of FTRs in the Italian 

electricity market. These models account for transmission capacity limits and aim to 
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optimize revenue, demonstrating the application of advanced computational techniques in 

market operations. (Di Persio & Fraccarolo, 2023a) 

2. Big Data Analytics and Deep Learning Applications 

The integration of big data analytics and deep learning techniques has played an 

increasingly important role in monitoring and improving electricity market performance. 

One notable example is a study by Huang (2020), which applied big data and deep learning 

methodologies to analyze the Italian day-ahead spot market, focusing on the detection of 

market power and pricing anomalies. While not officially commissioned by Italy’s TSO or 

regulatory authority, the research provides valuable insights into the use of AI-based tools 

for enhancing transparency and identifying potential inefficiencies in market behavior. 

Such approaches support broader efforts to create more data-driven and responsive 

electricity markets. 

3. Agent-Based Computational Models 

To better understand bidding behaviors and market dynamics, Italy has employed 

agent-based computational models. These models simulate the actions and interactions of 

various market participants, providing insights into bidding strategies and market 

outcomes. Such simulations are instrumental in designing market rules and mechanisms 

that promote efficiency and fairness. (Guerci et al., 2024) 

4. FTRs Allocation Models 

The allocation of FTRs is a critical aspect of Italy's strategy to manage transmission 

congestion and facilitate efficient market operations. Di Persio and Fraccarolo (2023) 

developed a linear programming model to simulate the FTR allocation process, considering 
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transmission capacity constraints and aiming to optimize total revenue. This approach 

underscores the importance of mathematical modeling in supporting complex market 

mechanisms. (Di Persio & Fraccarolo, 2023b) 

5. Market Power Monitoring Frameworks 

To ensure competitive market conditions, Italy has developed a multi-layered 

market power monitoring framework that combines theoretical benchmarks, real-time 

analytics, and empirical validation. These frameworks use tools such as: 

• Structural market indicators, including the Herfindahl-Hirschman Index (HHI) and 

Residual Supply Index (RSI), to identify zones or timeframes with a high risk of 

concentration; 

• Supply function equilibrium models and agent-based simulations, which are used to 

construct competitive price benchmarks and simulate counterfactual outcomes; 

• Ex post pricing analysis, which detects discrepancies between actual market prices 

and benchmark-based estimates, helping identify potential abuse or strategic 

bidding behavior; 

• And automated anomaly detection tools, based on machine learning and big data 

analytics, which flag unusual patterns in bidding behavior or congestion events for 

further regulatory scrutiny. (Bigerna et al., 2023) 

These tools support regulatory oversight by Italy’s energy regulator (ARERA) and 

market operator (GME), allowing them to identify zones with persistent price divergence, 

local market power, or strategic Inc-Dec gaming, and intervene where necessary. Such 
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capabilities are especially critical in the context of multi-part bidding systems, which offer 

increased flexibility but also introduce more complex bidding strategies. 

Overall, these technological and institutional investments reflect Italy’s 

commitment to strengthening its electricity market infrastructure, enabling it to handle the 

growing complexity introduced by renewable integration, flexible dispatch, and locational 

pricing reforms. 

The Role of the MSD in Market Efficiency and Flexibility 

Italy’s Mercato per il Servizio di Dispacciamento (MSD) plays a central role in 

real-time system balancing, congestion management, and renewable energy integration. 

Although often referred to as a balancing market, the MSD functions more like a real-time 

market in U.S. ISO systems, where dispatch decisions are executed close to real-time 

operations. Unlike intraday trading, which is voluntary and decentralized, the MSD 

provides a centralized, unit-level dispatch platform operated by Terna (the TSO), which 

adjusts generator outputs based on detailed multi-part bids and system needs. 

Through multi-part bidding, generators submit comprehensive information 

including startup costs, no-load costs, variable energy costs, ramping constraints, and 

minimum output levels. This enables more cost-reflective pricing, enhances dispatch 

accuracy, and reduces reliance on inefficient out-of-market redispatch. As highlighted by 

Hosseini Imani et al. (2021), Wu et al. (2024), and Ashour Novirdoust et al. (2021), this 

structure improves market efficiency by: 

• Delivering more accurate locational price signals, 

• Increasing transparency and dispatch precision, and 
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• Reducing system balancing costs by aligning dispatch decisions with technical 

realities. 

However, inefficiencies remain, especially due to the double-pricing system in the 

MSD, where prices for upward and downward balancing are set separately. This 

asymmetry can create perverse incentives and raise system costs. Strategic behavior such 

as Inc-Dec gaming persists in congested zones, particularly where competition is limited 

(e.g., Central-South Italy). 

One critical insight from Herrero (2018) is that real-time markets must do more 

than price energy—they must also recognize and allocate uplift costs transparently. In 

Italy’s current system, uplift payments compensate generators for costs not recovered 

through energy prices (e.g., startup, no-load, or ramping constraints). Herrero models how 

multi-settlement systems (including day-ahead, intraday, and real-time) can be designed to 

allocate these uplift costs equitably and efficiently, especially under conditions of high 

RES penetration and system uncertainty. He demonstrates that allocating uplift based on 

actual real-time deviations (e.g., unexpected VER output changes or demand spikes) can 

ensure that balancing costs are borne by those who create them, improving fairness and 

operational efficiency. (Herrero et al., 2018) 

Additionally, Herrero highlights the importance of dispatchable real-time models, 

where certain binary unit commitment decisions are relaxed for fast-start units, allowing 

for greater flexibility in real-time dispatch. This approach, similar to MISO’s ELMP 

model, can reduce the computational burden while still enabling fast system response—

critical when balancing variable renewables. 

 

Herrero’s work reinforces the idea that: 
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• Co-optimization of energy and reserves, 

• Transparent uplift allocation, and 

• Multi-stage settlement systems are essential tools for integrating high shares 

of RES. These elements help ensure that price signals reflect operational 

realities, and that incentives are aligned across timescales. 

While Italy’s MSD incorporates several of these features (e.g., unit-based bidding, 

partial locational pricing), it still relies heavily on post-market redispatch, especially when 

intraday price signals are weak. As Herrero’s analysis of U.S. ISOs suggests, improving 

intraday-to-real-time coordination and clarifying uplift and cost-allocation mechanisms 

would help strengthen the role of the MSD in balancing renewables effectively. 

Conclusion 

Italy’s transition to multi-part bidding represents a significant restructuring of its 

electricity market design, aimed at improving dispatch efficiency, transparency, and the 

integration of renewable energy. The move from a portfolio-based to a unit-based bidding 

system has increased the granularity of price formation and enabled system operators to 

make more accurate and cost-reflective dispatch decisions. These reforms were driven by a 

combination of EU regulatory alignment, domestic policy objectives, and the operational 

need to manage growing shares of variable renewable energy. 

For producers, the new bidding structure offers more precise cost recovery, 

especially for flexible and dispatchable resources. However, the shift has also increased 

revenue volatility for non-dispatchable generators, particularly in zones with frequent 

congestion or curtailment. Consumers have experienced limited direct exposure to 

locational price signals, due to continued reliance on the Prezzo Unico Nazionale (PUN), 
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and demand-side flexibility remains underdeveloped. The tension between zonal price 

formation and national retail pricing highlights ongoing trade-offs in balancing efficiency 

with retail simplicity and fairness. 

From a regulatory perspective, the reforms have required increased oversight to 

manage strategic bidding, balancing cost asymmetries, and local market power risks. The 

MSD plays a critical role in coordinating real-time dispatch through unit-based offers, 

enabling locationally sensitive balancing actions. However, challenges such as asymmetric 

pricing for upward and downward dispatch and weak intraday market signals continue to 

create inefficiencies, particularly in zones with persistent congestion. 

The TIDE reform, scheduled for implementation in 2025, is expected to address 

several of these shortcomings by introducing dynamic bidding zones, improving real-time 

pricing mechanisms, and enhancing cross-border market coordination. These changes aim 

to better reflect physical network constraints in price formation and reduce the need for 

redispatch. Importantly, price differentials between northern and southern zones—often 

viewed as a limitation—are in fact a feature of locational market design, providing accurate 

investment signals that reflect real grid conditions. The challenge lies not in eliminating 

such differences, but in ensuring that they are accompanied by appropriate planning, 

infrastructure development, and long-term investment signals. 

Italy has also explored a range of technological and analytical tools to support 

market reform, including more advanced market-clearing algorithms, big data applications, 

and computational modeling. While the extent of formal adoption by regulatory bodies or 

the TSO (Terna) is not always fully transparent, the literature documents growing interest 

in these tools for forecasting, congestion management, and market power detection. Their 
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effectiveness, however, depends on how deeply they are integrated into operational and 

regulatory decision-making processes. 

Italy’s unit-based dispatch model offers important advantages over less granular 

systems, such as Germany’s portfolio-based approach, by allowing the system operator to 

make more targeted dispatch decisions and better manage congestion. Still, shortcomings 

in intraday coordination, uplift cost allocation, and balancing price design indicate that 

further improvements are needed to realize the full benefits of the current framework. 

In summary, Italy’s phased implementation of multi-part bidding and LMP-like 

balancing mechanisms has brought measurable gains in market performance. Going 

forward, success will depend on how effectively market signals are aligned with 

infrastructure planning, how transparently uplift and balancing costs are allocated, and how 

well regulatory interventions address local market power. Rather than a one-time fix, the 

reform process must remain iterative—capable of adapting to technological, regulatory, 

and system-level shifts as the Italian electricity market continues to evolve. 
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Chapter VI. 

Comparative Analysis: Germany vs. Italy 

This chapter presents the final comparative results between Germany and Italy 

regarding multi-part bidding and its implications for Germany. The overview matrix at the 

beginning provides a structured summary of key differences, serving as an orientation for 

the reader. The subsequent sections elaborate on the key findings, structured along the core 

aspects of market design, system efficiency, stakeholder impact, and feasibility 

considerations. Each section is directly linked to the supporting analysis presented in 

previous chapters. 

Table 5: Overview of Comparative Analysis: Germany vs. Italy 

Aspect Germany Italy Insights and 

Implications 

Market Design 

& Bidding 

Structure 

Portfolio-based 

bidding, zonal pricing, 

relies heavily on 

redispatch. 

Unit-based, multi-

part bidding with 

hybrid zonal-nodal 

pricing and LMP 

for real-time 

dispatch. 

Multi-part bidding 

improves dispatch 

efficiency by 

providing granular 

cost and operational 

data. 

Price Signals 

& Cost 

Reflection 

Limited transparency 

in price formation; 

aggregated bids 

obscure cost 

structures and 

operational 

constraints. 

Transparent price 

signals through 

unit-based bids and 

LMP that reflect 

true generation 

costs and system 

conditions. 

Improved price 

signals can enhance 

operational 

efficiency and guide 

more efficient long-

term investment. 

Congestion 

Management 

& Redispatch 

Costs 

Congestion managed 

primarily through 

redispatch, resulting 

in high system costs 

Proactive 

congestion 

management 

through real-time 

Granular, real-time 

price signals can 

reduce reliance on 

redispatch and lower 
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Aspect Germany Italy Insights and 

Implications 

and inefficient 

corrective measures. 

locational pricing 

significantly 

reduces redispatch 

needs. 

system operation 

costs. 

Renewable 

Integration & 

Grid Stability 

Rapid RES expansion 

increases grid 

coordination 

challenges; missing 

locational signals lead 

to suboptimal siting 

and curtailment. 

RES integrated 

more efficiently 

due to locational 

pricing, aligning 

generation with 

grid capacity and 

demand. 

Locational incentives 

could help guide 

RES investments 

toward areas with 

available grid 

capacity, improving 

integration 

efficiency. 

Market 

Flexibility & 

Adaptability 

Portfolio-based 

bidding limits unit-

level responsiveness 

and reduces the ability 

to adapt dispatch 

dynamically. 

Unit-level bids and 

LMP facilitate 

dynamic dispatch 

and better 

responsiveness to 

grid and market 

conditions. 

More granular 

bidding formats 

increase operational 

flexibility and 

improve 

responsiveness to 

real-time system 

needs. 

Stakeholder 

Impacts 

(Producers, 

Consumers, 

Grid 

Operators, 

Regulators) 

- Producers face 

revenue uncertainty 

due to aggregated 

bidding and 

redispatch exposure. 

- Consumers 

indirectly bear 

redispatch costs via 

network tariffs. 

- Grid operators rely 

on costly 

interventions to 

manage congestion. 

- Regulators lack 

mechanisms to reflect 

local grid conditions 

in pricing. 

- Producers can 

reflect actual 

operational 

constraints and 

costs in bids. 

- Consumers face a 

uniform national 

price (PUN), while 

system costs are 

managed through 

producer-side price 

signals. 

- Grid operators 

manage congestion 

through pricing 

signals, reducing 

interventions. 

- Regulators use 

market-based tools 

More granular 

bidding and 

locational pricing can 

improve cost 

allocation, reduce 

reliance on 

administrative 

corrections, and align 

market outcomes 

with system realities. 
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Aspect Germany Italy Insights and 

Implications 

to align dispatch 

with system needs. 

Market Pricing 

& Distribution 

of Costs 

onsumers pay uniform 

zonal prices, 

regardless of 

congestion; producers 

face few locational 

incentives. 

Consumers pay a 

national price 

(PUN); producers 

face zonal prices 

reflecting local 

constraints. 

Introducing 

locational signals for 

both producers and 

(optionally) 

consumers—

combined with 

hedging tools—can 

improve cost 

reflectiveness and 

economic efficiency. 

Regulatory 

Framework 

Emphasizes 

affordability and RES 

support but lacks 

mechanisms for 

granular market-based 

dispatch. 

Regulatory 

framework 

supports 

progressive 

implementation of 

multi-part bidding 

and LMP through 

phased reforms. 

Enabling multi-part 

bidding in Germany 

will require legal and 

regulatory 

adjustments to allow 

unit-level bidding, 

cost-based dispatch, 

and integration of 

locational signals. 

Technological 

Infrastructure 

Market platforms are 

not equipped for unit-

level bidding or real-

time locational 

pricing; limited 

automation in 

dispatch. 

Advanced IT 

systems support 

real-time unit-level 

dispatch and LMP 

clearing. 

Significant 

investments in IT 

systems, market 

platforms, and 

operational tools are 

required for 

Germany to support 

multi-part bidding 

and LMP. 

Cross-Border 

Market 

Integration & 

EU Alignment 

Aligns with EU 

climate goals but 

lacks locational 

pricing, reducing 

efficiency of cross-

border capacity 

allocation. 

Closely aligned 

with EU Clean 

Energy Package 

and advanced 

cross-border 

market coupling 

mechanisms. 

Locational pricing 

and multi-part 

bidding can enhance 

Germany’s cross-

border efficiency and 

alignment with EU 

market reforms. 
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Market Fundamentals: Core structural elements defining market operation 

The foundation of an electricity market is determined by its bidding structure and 

the way prices reflect system conditions. Germany and Italy differ significantly in their 

approach, which affects not only overall market efficiency but also how costs—such as 

those arising from congestion, redispatch, and balancing—are allocated among producers, 

consumers, and grid operators. 

Market Design & Bidding Structure 

Germany’s electricity market is based on a portfolio-level bidding system, where 

market participants submit aggregated bids for their entire generation portfolio rather than 

for individual units. This structure is coupled with a zonal pricing model, where prices are 

determined for predefined geographic zones rather than reflecting real-time grid conditions. 

This approach simplifies market operations but comes at the cost of efficiency, as it 

requires extensive redispatch measures to correct imbalances that arise due to the lack of 

locational granularity. 

In contrast, Italy operates a unit-based, multi-part bidding system, where market 

participants submit bids for each generating unit, detailing cost structures such as start-up 

and no-load costs. This system is integrated with LMP for real-time dispatch, allowing 

market prices to better reflect local grid conditions. As a result, Italy’s market design 

reduces inefficiencies by aligning electricity prices more closely with the physical 

constraints of the grid. Compared to Germany, this structure ensures a more efficient 

dispatch of generation resources and minimizes the need for costly redispatch 

interventions. 
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The findings in the overview matrix highlight that adopting a unit-based bidding 

system in Germany could enhance market efficiency by ensuring that dispatch and pricing 

decisions account for real-time grid constraints. The detailed analysis in 4.1 and 5.1 further 

supports this conclusion, demonstrating the structural advantages of Italy’s approach 

Price Signals & Cost Reflection  

The ability of a market to provide accurate price signals is essential for operational 

efficiency and long-term investment decisions. In Germany, the aggregation of bids at the 

portfolio level reduces the transparency of cost structures and limits the accuracy of price 

signals. Because market prices do not directly reflect the physical constraints of the grid, 

inefficiencies arise in dispatch and congestion management. The lack of locational 

granularity in prices means that congestion-related costs are socialized rather than being 

reflected in market outcomes, leading to distortions in investment incentives. 

Italy, on the other hand, provides granular price signals through unit-based bidding 

and LMP for real-time market operations. These mechanisms ensure that electricity prices 

more accurately reflect local supply and demand conditions, enabling more efficient 

dispatch decisions and reducing the need for ex-post redispatch. Additionally, clearer price 

signals help guide investment in generation and grid infrastructure by indicating where 

capacity is needed most. 

The comparative findings in the overview matrix demonstrate that Germany could 

benefit from introducing more transparent pricing mechanisms, as discussed in 4.3.1 and 

5.2.3. The Italian experience suggests that aligning market prices with real-time grid 

conditions can improve overall market efficiency and cost allocation. 
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System Efficiency & Grid Operation: Technical and operational performance of the market 

The structure of bidding and price formation in a market directly impacts its 

efficiency in managing congestion, integrating renewable energy, and responding to system 

imbalances. 

Congestion Management & Redispatch Costs  

Germany relies heavily on redispatch measures to manage congestion due to the 

limitations of its zonal pricing system. Since price signals do not reflect local grid 

conditions, congestion is addressed through administrative interventions rather than 

market-based mechanisms. This results in high redispatch costs and inefficiencies in 

system operation. In contrast, Italy’s dynamic zonal segmentation and LMP-based 

redispatch allow for a more market-driven approach to congestion management. By 

reflecting locational constraints in real-time pricing, Italy minimizes the need for redispatch 

and optimizes grid utilization. As a result, congestion costs are significantly lower than in 

Germany, and system operations are more efficient. 

The findings in 4.4.2 and 5.2.4 highlight that Germany’s reliance on redispatch 

could be reduced by adopting more granular congestion pricing mechanisms, improving 

cost efficiency and grid stability. 

Renewable Integration & Grid Stability  

Germany faces increasing challenges in integrating RES due to the lack of 

locational price signals. The current market design does not incentivize RES deployment in 

grid-friendly locations, leading to frequent congestion and higher redispatch volumes. This 
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inefficiency results in curtailment of RES generation and additional costs for grid 

operators. 

Italy, on the other hand, benefits from clear locational price signals, which help 

integrate RES more efficiently by incentivizing investments in areas where the grid can 

accommodate additional capacity. The use of LMP and unit-based bidding ensures that 

RES generation is dispatched in a way that minimizes system disruptions. 

The findings in 4.5.3 and 5.2.5 suggest that Germany could enhance RES 

integration by incorporating locational price signals into market operations, thereby 

improving system stability and reducing reliance on redispatch. 

Market Flexibility & Adaptability  

Germany’s market flexibility is constrained by the portfolio-based bidding system, 

which limits real-time dispatch adjustments and dynamic pricing responses. The reliance 

on redispatch and administrative interventions further reduces system adaptability. Italy’s 

multi-part bidding structure allows for greater market flexibility, optimizing dispatch based 

on unit-level constraints and real-time market conditions. This flexibility enables the 

system to better respond to fluctuations in supply and demand, improving overall market 

resilience. 

The comparative analysis in 4.3.2 and 5.2.6 highlights that introducing MPBs in 

Germany could enhance market flexibility, making the system more responsive to changing 

grid conditions. 
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Stakeholder Perspectives & Economic Implications: How market design affects key players 

Market design directly influences the roles, costs, and benefits experienced by 

different stakeholders. While Germany’s portfolio-based bidding and zonal pricing create 

inefficiencies that affect producers, consumers, grid operators, and regulators in various 

ways, Italy’s multi-part bidding system offers a more transparent and cost-reflective 

approach. The following sections outline how each group is impacted by these differences. 

Stakeholder Impacts 

Germany’s portfolio-based bidding system creates inefficiencies for producers, 

consumers, grid operators, and regulators. Producers face challenges in cost recovery due 

to the lack of unit-specific pricing, consumers bear redispatch costs indirectly, grid 

operators manage inefficiencies through costly interventions, and regulators face the 

challenge of reconciling efficiency improvements with political and distributional 

constraints in the current market design. 

Italy’s unit-based bidding system allows producers to better reflect costs, stabilizes 

consumer pricing through the PUN mechanism, reduces operator interventions, and enables 

more effective regulatory oversight. 

The findings in 4.2 and 5.2.1 suggest that Germany’s market design could be improved by 

adopting more transparent cost allocation mechanisms. 

Market Pricing & Distribution of Costs  

Germany’s zonal pricing model does not reflect local congestion costs, leading to 

inefficiencies in cost distribution. Italy’s PUN model stabilizes consumer prices while 

ensuring producers face locational price incentives, leading to a fairer cost allocation. 
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The findings in 4.3.3 and 5.2.2 indicate that Germany could achieve a more equitable cost 

distribution by refining its pricing approach. 

Feasibility & Policy Considerations: What is needed to transition to MPB 

The successful implementation of multi-part bidding in Italy was enabled by a 

combination of regulatory reforms, technological advancements, and alignment with EU 

market integration efforts. For Germany to transition toward a similar system, several key 

factors must be addressed, including necessary adjustments in market regulation, the 

readiness of IT infrastructure, and improved cross-border electricity market integration. 

Regulatory Framework 

Germany’s current regulatory framework is primarily focused on renewable energy 

integration and ensuring market stability but lacks mechanisms to support granular market 

pricing and unit-level dispatch. The current portfolio-based bidding system is deeply 

embedded in regulatory structures, making reforms complex and politically sensitive. The 

reliance on redispatch measures to manage congestion has been a central element of market 

operations, and a shift to multi-part bidding would require significant legal adjustments to 

bidding rules, dispatch methodologies, and market-clearing mechanisms. 

Italy, in contrast, introduced regulatory reforms in a phased manner, allowing for 

the gradual adaptation of market participants. By incrementally aligning market operations 

with locational pricing principles and multi-part bidding mechanisms, Italian regulators 

enabled a smoother transition without major market disruptions. The Italian framework 

supports a progressive refinement of zonal pricing, multi-part bids, and real-time dispatch 

mechanisms, providing a model for potential regulatory reform in Germany. 
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The findings in 4.2.4 and 5.2.1 indicate that Germany would need to establish a 

structured regulatory roadmap to enable multi-part bidding, ensuring that market 

participants are given sufficient time to adapt and that the transition does not compromise 

system stability. 

Technological Infrastructure 

The implementation of unit-based, multi-part bidding and locational pricing 

requires advanced IT infrastructure capable of processing large volumes of real-time 

market data. Germany’s current market-clearing systems are not optimized for unit-level 

bidding and dynamic congestion pricing, meaning significant upgrades would be required 

to handle the increased data complexity associated with multi-part bids. 

Italy invested in advanced market-clearing algorithms, real-time dispatch 

optimization, and automated balancing mechanisms to support the shift to multi-part 

bidding. These enhancements facilitated a more efficient and responsive electricity market, 

allowing for the seamless integration of real-time constraints and cost-reflective dispatch 

decisions. 

The comparative analysis in 4.5.2 and 5.2.7 highlights that Germany would need to 

upgrade its market platforms and IT infrastructure to enable multi-part bidding. 

Investments in real-time market-clearing algorithms, data processing capabilities, and 

enhanced forecasting tools would be necessary to transition toward a more granular market 

structure. 
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Cross-Border Market Integration & EU Alignment 

Germany’s electricity market is highly interconnected with neighboring countries, 

playing a crucial role in EU electricity trading and cross-border capacity allocation. 

However, its reliance on zonal pricing and redispatch mechanisms limits the efficiency of 

cross-border trading, as price signals do not fully reflect real-time grid conditions. 

Italy has taken a more advanced approach to cross-border market integration, 

aligning its market mechanisms with EU regulations under the Clean Energy Package. The 

adoption of locational price signals and multi-part bidding has allowed for better cross-

border congestion management and enhanced trading efficiency with neighboring markets. 

The findings in 4.5.3 and 5.2.8 suggest that Germany could improve cross-border 

efficiency by aligning its pricing mechanisms with European market integration efforts. 

The adoption of multi-part bidding and LMP-based congestion pricing could enhance 

Germany’s position within the interconnected EU electricity market, reducing 

inefficiencies in cross-border capacity allocation and improving overall system reliability. 
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Chapter VII. 

Implementation Strategies and policy recommendations 

In this chapter, I propose implementation strategies and policy recommendations 

for transitioning to MPBs and integrating LMP in Germany. Building on the comparative 

analysis and case studies from previous chapters, I present an implementation roadmap 

designed to guide stakeholders through a phased transition towards a more efficient and 

transparent electricity market. This roadmap is based on suggestions from academic 

sources and the insights derived from our analysis of Germany and Italy's market designs. 

The centerpiece of this chapter is the implementation roadmap, which outlines a 

structured plan over a ten-year horizon, divided into distinct phases. The roadmap is 

presented graphically (see Figure 1) and serves as a foundation for explaining, reflecting 

upon, and specifying the implementation suggestions. The chapter aims to provide 

actionable recommendations for different stakeholders, including policymakers, regulators, 

grid operators, generators, and consumers, on how Germany can transition towards a more 

efficientmarket design. 
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Figure 2: Implementation Roadmap 

Phase 1: Initial Preparations 

A structured and phased approach is essential for transitioning Germany’s 

electricity market to MPBs and LMP. The first phase focuses on preparing key 

stakeholders, refining pricing mechanisms to better reflect congestion, piloting essential 

market structures, ensuring regulatory alignment with EU frameworks, upgrading IT 

infrastructure, and monitoring price dynamics. These foundational steps will set the stage 

for a smooth and well-informed transition. 

Organize stakeholder workshops and consultations 

The success of market reforms depends on early and transparent engagement with 

stakeholders, including generators, consumers, grid operators, regulators, and 

policymakers. Establishing structured workshops will foster trust and collaboration while 
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ensuring that market participants understand the implications of MPBs and LMPs. By 

addressing concerns proactively, resistance to reform can be minimized, particularly from 

generators facing operational complexity and consumers worried about price volatility. 

(Ashour Novirdoust, Rajon, et al., 2021) 

To ensure that all perspectives are considered, consultations should include sector-

specific focus groups, allowing for tailored discussions on key concerns such as price 

formation, congestion management, and investment incentives. Research suggests that 

institutional resistance is often a barrier to electricity market reform, particularly among 

TSOs and Power Exchanges, making early engagement crucial to securing buy-in. 

(Neuhoff et al., 2024) The JRC report similarly stresses the importance of coordinated 

action to address congestion and redispatch volumes, emphasizing that reforms should be 

developed with clear industry participation. 

A lack of transparency in congestion management has historically contributed to 

inefficiencies and dissatisfaction in electricity markets. (Aravena et al., 2021) These issues 

have been particularly evident in FBMC and advanced transmission congestion 

management (ATCMC) frameworks, where discretionary decision-making by TSOs has 

caused imbalances in market outcomes. To prevent similar challenges in Germany, 

structured stakeholder engagement must emphasize transparency and provide market 

participants with clear, published summaries of policy discussions and potential market 

design changes. 

The UK’s experience with electricity balancing market reforms, led by Ofgem, 

demonstrated how structured consultations can build consensus and enhance reform 

acceptance. (Ofgem, 2018) One notable aspect of the UK approach was the use of multi-

stage consultations—initial issue identification, followed by detailed design workshops and 
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draft policy feedback rounds—which helped ensure that stakeholder input shaped both the 

technical and regulatory aspects of reform. For Germany, adopting a similar process could 

prove beneficial. This would involve publishing clear reform objectives early, holding 

iterative workshops with sector-specific stakeholder groups, and ensuring transparency 

through public consultation summaries and feedback mechanisms. Such a framework 

would provide both visibility and predictability, reducing uncertainty and building a 

durable coalition of support for the MPB and LMP transition.  

Revise imbalance pricing for congestion signals 

Germany’s current imbalance pricing system does not reflect locational grid 

constraints, resulting in inefficient dispatch decisions and rising redispatch costs. Because 

market clearing and imbalance settlement occur at the national level—i.e., based on one 

uniform price across Germany—participants have no financial incentive to consider local 

grid bottlenecks in their bidding behavior. This misalignment has contributed to sharply 

increasing redispatch volumes: costs rose from €45 million in 2007 to over €1.1 billion by 

2017. (Aravena et al., 2021) 

The redispatch process in Germany is still based on a zonal setup—despite reforms 

introduced under Redispatch 2.0—meaning that while generation and consumption are 

planned at a national price, grid congestion is resolved after the fact by TSOs through 

bilateral redispatch measures. For example, if a wind farm in northern Germany generates 

power that cannot be transported to the south due to transmission constraints, the TSO 

curtails that wind output and pays a southern gas plant to generate instead. Since neither the 

wind operator nor the gas plant faced locational price signals in the market, the redispatch 
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is managed outside the market through regulated compensation. This decoupling of 

operational decisions from real-time grid conditions is what drives inefficiency. 

To address this, imbalance pricing should be revised to incorporate congestion-

sensitive penalties that send locational signals to market participants. This would reward 

behavior that helps relieve grid congestion and penalize behavior that worsens it. Such a 

system would shift part of the redispatch burden from TSOs to market participants, creating 

economic incentives to adjust bids and schedules in line with grid realities. The European 

Commission’s Joint Research Centre (2024) emphasizes that spatial granularity in price 

signals is essential for effective congestion management, particularly in systems with high 

shares of variable renewables and flexible hydrogen production. 

Implementing this reform requires both technical and institutional readiness. 

Locational imbalance charges must be calculated based on real-time grid constraints, 

requiring investment in grid data analytics and market transparency. Educational initiatives 

will be needed to support market participants during the transition. A phased approach—

starting with pilot regions experiencing persistent congestion—can help refine 

methodologies and build stakeholder confidence. The EU’s Agency for the Cooperation of 

Energy Regulators (ACER, 2020) has documented how similar reforms in other European 

markets have improved efficiency by better aligning market signals with physical grid 

constraints. 

Pilot financial balancing groups (FBGs) 

Germany’s current balancing framework is centered around Balancing Responsible 

Parties (BRPs), which aggregate the production and consumption of multiple units within a 

portfolio. Under this structure, imbalances are calculated and settled at the portfolio level, 
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meaning that the internal behavior of individual units is obscured. While this offers 

flexibility to large market players, it can also reduce transparency and distort operational 

signals, as inefficient dispatch decisions at the unit level may be masked within the overall 

portfolio. 

FBGs are a proposed refinement to this structure. Instead of aggregating imbalances 

at the portfolio level, FBGs operate at the unit level, capturing the actual performance of 

individual generating units or demand-side assets. Unlike traditional BRPs, which bear 

financial responsibility for the net imbalance of their portfolios, FBGs ensure that each unit 

is directly accountable for its own deviations. This structure allows for unit-based bidding, 

improves the accuracy of system forecasting, and enhances overall market transparency. 

(Ashour Novirdoust, Rajon, et al., 2021) 

Moving toward FBGs offers particular benefits in a system with high renewable 

penetration and complex congestion patterns. (Aravena et al., 2021) show that redispatch 

inefficiencies in Germany stem in part from misaligned incentives under the BRP-based 

system. By linking financial responsibility to individual units, FBGs can align market 

signals more closely with physical grid conditions, improving dispatch efficiency and 

reducing the need for costly redispatch. 

However, transitioning to FBGs also introduces new risks. The European 

Commission’s Joint Research Centre (2024) warns that increased granularity could open 

opportunities for strategic bidding or “gaming,” particularly in redispatch situations. For 

example, market participants could deliberately schedule imbalances to trigger out-of-

market compensation. To mitigate this, Germany would need to implement robust 

regulatory safeguards, including ex-post monitoring and caps on eligible redispatch 

volumes. 
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A gradual rollout of FBGs should begin with pilot programs in selected regions that 

reflect a variety of grid conditions—such as areas with high renewable shares, transmission 

bottlenecks, or large numbers of distributed resources. These pilots would allow for testing 

of technical integration into existing dispatch systems and enable regulators to calibrate 

settlement rules and monitoring tools. International experience, particularly from the U.S., 

where financial settlement of imbalances is often performed at the unit level, supports the 

feasibility of such models. (USAID, 2014) 

By introducing FBGs through targeted pilots and pairing them with strong oversight 

mechanisms, Germany can lay the groundwork for a more transparent, efficient, and 

flexible electricity market—one that is better equipped to manage the demands of the 

energy transition. 

Align regulations with EU directives 

Regulatory alignment with EU directives, particularly the Clean Energy Package 

and Electricity Regulation (EU 2019/943), is a prerequisite for ensuring that Germany’s 

market reforms facilitate cross-border trade and comply with broader European policies. 

(Newbery et al., 2018) 

Germany must conduct a regulatory gap analysis to identify discrepancies between 

national laws and EU directives. This will enable policymakers to develop legal 

adaptations that ensure consistency between market reforms and European electricity 

integration objectives. (European Commission Joint Research Centre, 2024) A key 

challenge will be navigating regulatory constraints that may slow the adoption of locational 

pricing mechanisms, which requires proactive engagement with EU institutions to align 

implementation timelines. 
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Regular consultations with the European Commission and other member states 

should be pursued to harmonize policy frameworks. ACER has emphasized that regulatory 

compliance is critical for fostering an efficient and unified electricity market, reinforcing 

the importance of Germany’s alignment with EU directives. (ACER, 2020) 

Upgrade IT systems for MPBs and LMPs 

The transition to MPBs and LMP necessitates substantial upgrades in IT 

infrastructure to handle the increased data granularity and computational complexity 

associated with these market mechanisms. As bidding systems become more detailed and 

real-time data processing becomes more critical, existing IT frameworks must be enhanced 

to support large volumes of data and advanced market-clearing algorithms. 

(Bundesministerium für Wirtschaft und Klimaschutz, 2024) 

Neuhoff et al. (2024) discusses the technical challenges of implementing granular 

bidding systems, emphasizing the need for scalable IT infrastructure capable of managing 

complex market designs. He highlights the limitations of current systems, such as the 

EUPHEMIA algorithm, which may not be sufficiently equipped to handle the intricacies of 

MPBs and LMPs. Addressing these limitations will require investment in more robust 

computational solutions, capable of integrating locational data and responding to real-time 

grid constraints. 

The JRC report reinforces the necessity of upgrading market-clearing algorithms 

and improving the integration of transmission constraints into market operations. 

Forecasting congestion and managing the computational demands of high-resolution 

market designs present significant challenges. The roadmap’s emphasis on IT infrastructure 

enhancements is in line with the JRC’s findings, ensuring that market operations remain 
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efficient and responsive to dynamic grid conditions. (European Commission Joint Research 

Centre, 2024) Additionally, the report suggests that transitioning to LMP requires a cost-

benefit analysis to assess IT readiness before large-scale implementation. 

To facilitate this transition, algorithms for market clearing must be upgraded to 

incorporate locational data effectively. Scalable cloud platforms should be leveraged to 

process the extensive datasets required for MPBs and LMPs, ensuring efficient and 

accurate decision-making. Moreover, IT teams must be adequately trained to manage and 

maintain these advanced systems, ensuring long-term operational stability. 

Investments in advanced IT infrastructure have proven essential for supporting 

complex market designs in other jurisdictions. Hogan (2020) highlights how sophisticated 

computational systems are crucial for handling the data-intensive nature of MPBs and 

LMPs. By drawing on these insights, Germany can ensure that its IT infrastructure is 

adequately prepared to facilitate the transition to a more granular and efficient market 

design. 

By implementing these IT system enhancements, Germany can ensure that MPBs 

and LMPs function seamlessly, providing accurate locational price signals and improving 

overall market efficiency. The modernization of IT infrastructure will be a foundational 

element of the transition, enabling real-time market operations that align with evolving 

energy system needs. 

Monitor price convergence between day-ahead and balancing markets 

Ensuring effective price convergence between the day-ahead and balancing markets 

is essential for identifying inefficiencies caused by congestion and implementing targeted 

interventions to improve market operations. Monitoring price dynamics across these 
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timeframes allows regulators and market participants to detect discrepancies and refine 

pricing mechanisms to enhance efficiency. (Caporin et al., 2022) 

The JRC report supports better alignment between market operations and physical 

grid constraints, reinforcing the need for systematic price monitoring to uncover 

inefficiencies. Identifying persistent disparities between day-ahead and balancing prices 

can highlight areas where congestion management strategies require adjustment, ensuring 

that price signals reflect actual system conditions. Moreover, the report suggests that price 

signals alone may not be sufficient to drive investment decisions effectively. Therefore, 

monitoring efforts should also assess whether price incentives successfully guide 

infrastructure development in ways that support long-term market stability. (European 

Commission Joint Research Centre, 2024) 

To achieve this, comprehensive data collection systems should be implemented to 

track price dynamics across different market timeframes. Leveraging machine learning 

models can further enhance monitoring efforts by identifying persistent inefficiencies and 

recommending necessary adjustments. Such analytical tools will enable regulators to make 

data-driven decisions, ensuring that pricing mechanisms support an efficient and resilient 

electricity market. 

The importance of tracking price convergence has been widely recognized in 

electricity markets worldwide. Research by Europex emphasizes how monitoring price 

signals across different timeframes helps identify market inefficiencies and informs 

regulatory interventions. (Europex, 2023) By incorporating these best practices, Germany 

can refine its market design to ensure that pricing mechanisms accurately reflect real-time 

grid conditions, fostering a more efficient and transparent electricity market. 
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By integrating these monitoring strategies, Germany can enhance market efficiency, 

ensure accurate price signals, and support investment decisions that contribute to long-term 

grid stability and congestion management. 

Phase 2: Market Modernization 

Announce MPBs as a flagship reform 

A clear and decisive commitment to multi-part bids (MPBs) is essential for 

ensuring market confidence, aligning stakeholder expectations, and signaling a firm 

governmental stance on electricity market modernization. Publicly positioning MPBs as a 

key reform helps build trust among market participants, reducing uncertainty and 

facilitating smoother adoption. (Ashour Novirdoust, Rajon, et al., 2021) 

Neuhoff et al. (2024) emphasize that transparent communication plays a central role 

in the success of electricity market reforms by reducing perceived regulatory risk and 

aligning expectations across stakeholders. Drawing on case studies from European markets, 

the authors show that reforms accompanied by vague or delayed policy signals often led to 

stalled investment, passive market behavior, or active resistance from key actors such as 

TSOs and incumbent generators. Conversely, when reforms were launched with clear 

public mandates—supported by timelines, regulatory support, and pilot plans—market 

participants adjusted their operational strategies more rapidly and constructively. In 

particular, Neuhoff et al. highlight the UK’s reform of capacity markets and Poland’s 

transmission access reforms as examples where early and transparent policy positioning 

accelerated stakeholder alignment and improved reform outcomes.  
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This evidence supports the roadmap’s recommendation to publicly announce MPBs 

as a flagship reform. Such a commitment avoids the pitfalls of incrementalism and 

regulatory ambiguity. As Aravena et al. (2021) caution, the piecemeal adoption of market 

coupling mechanisms without addressing underlying structural inefficiencies can result in 

disjointed market development and increased costs. A decisive, coordinated announcement 

ensures that market participants begin to plan and invest in line with the future market 

design.  

The announcement should also communicate the role of MPBs in improving 

congestion management, enabling efficient dispatch, and supporting Germany’s broader 

decarbonization goals. It should be accompanied by signals on related incentive 

mechanisms—for instance, locational investment support or updated renewable support 

schemes—ensuring that the market reform is not viewed in isolation. The JRC report 

(2024) similarly argues that policy clarity must be paired with clear incentive structures to 

create actionable expectations and mitigate strategic hesitation among investors. 

To reach its intended effect, the announcement should be disseminated via high-

visibility channels, including national energy forums, regulatory consultations, press 

releases, and dedicated government portals. These platforms will allow the government and 

regulatory bodies to clearly articulate the reform’s objectives, the timeline for 

implementation, and the expected roles of different market actors. Emphasizing 

transparency and inclusivity in this communication will reinforce trust in the reform 

process. 

International experience underlines the importance of communication in market 

transitions. The UK’s Electricity Balancing Significant Code Review, conducted by 

Ofgem, demonstrated how early engagement and clear messaging helped build stakeholder 
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consensus and preempt resistance. (Ofgem, 2018) By adopting similar communication 

strategies, Germany can ensure that MPBs are not only technically feasible but also 

politically and institutionally supported. 

Announcing MPBs as a flagship reform, therefore, is not merely symbolic—it is a 

strategic step that underpins the success of the entire reform program. When backed by 

clear messaging, regulatory follow-through, and incentives, it can shape expectations, drive 

behavioral alignment, and ensure that the transition to a more efficient and transparent 

electricity market proceeds with confidence. 

Launch MPB pilots in selected regions 

Implementing MPB pilots in carefully selected regions is a crucial step in assessing 

real-world feasibility, refining market mechanisms, and addressing operational challenges 

before full-scale deployment (Bundesministerium für Wirtschaft und Klimaschutz, 2024). 

Neuhoff et al. (2024) strongly supports pilot programs, citing examples from Italy and 

Poland where pilots have proven instrumental in refining bidding processes and mitigating 

unexpected market behaviors. He highlights the importance of selecting regions with high 

congestion or substantial renewable energy penetration to maximize actionable insights. 

The JRC report advocates for incremental implementation of locational elements 

within market structures, aligning with the roadmap’s phased MPB rollout. (European 

Commission Joint Research Centre, 2024) Furthermore, the report identifies hydrogen 

production as a growing factor in redispatch needs, suggesting that hydrogen-intensive 

regions should be considered as priority areas for pilot implementation. 

(Aravena et al., 2021) provide quantitative evidence demonstrating that FBMC and 

ATCMC create inefficient dispatch decisions, particularly in highly congested regions. 
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Their simulations of 100 years of market operations indicate that unit-level bidding and 

nodal pricing significantly reduce redispatch requirements. The roadmap’s proposal to 

introduce MPB pilots aligns with their recommendations by targeting regions where 

congestion and renewable penetration are highest. 

Pilot implementation should prioritize regions with significant renewable energy 

generation and transmission constraints, ensuring that the impact of MPBs on redispatch 

costs, price signals, and generator behavior is effectively monitored. Lessons from 

successful pilot projects in Italy and other markets demonstrate that structured piloting can 

refine locational pricing mechanisms, identify challenges, and improve the broader reform 

process. (Caporin et al., 2022) 

To ensure robust pilot outcomes, monitoring frameworks should be established to 

collect data on price signals, market liquidity, and participant behavior. Additionally, 

regulatory oversight should facilitate continuous feedback loops, allowing for iterative 

improvements before scaling up MPBs nationwide. Collaborations with academic 

institutions and industry partners can further enhance the analytical rigor of pilot programs, 

providing empirical insights for long-term policy refinements. 

Increase the number of intraday auctions 

Increasing the frequency of intraday auctions in Germany is a crucial step in 

improving market liquidity, enhancing price signals, and enabling better integration of 

intermittent RESs. (Richstein et al., 2018) Currently, Germany’s intraday market 

predominantly operates through continuous trading, which offers flexibility but does not 

always yield optimal efficiency. By introducing additional discrete intraday auctions, the 
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market can improve price discovery, enhance operational predictability, and support more 

effective congestion management. 

To implement this transition effectively, Germany should introduce intermediate 

auction rounds in its existing intraday market framework. These additional auctions should 

be aligned with renewable energy generation patterns—such as early morning (when solar 

production ramps up) and late afternoon (when demand peaks and wind generation is more 

volatile). This structure will ensure that market price formation is more reflective of real-

time conditions. 

A key element of this implementation is adjusting the timing and frequency of 

auctions to better match short-term forecasting updates and changing grid conditions. 

Market design adjustments should incorporate congestion-related price signals, as 

recommended by the JRC report, ensuring that the price formation process accounts for 

locational constraints. (European Commission JRC., 2024) This will allow intraday trading 

to support system stability more effectively, reducing the reliance on costly balancing 

mechanisms. 

Expanding intraday auctions will require significant upgrades in Germany’s trading 

infrastructure. IT systems must be enhanced to handle increased transaction volumes and 

ensure efficient market clearing. Automated trading algorithms and AI-based forecasting 

tools should be integrated to improve participation and optimize auction scheduling. Grid 

operators and market participants should be provided with transparent data on upcoming 

auctions, ensuring that supply and demand dynamics remain predictable. 

Lessons from Nordic markets show that increasing the number of auctions 

improves liquidity and efficiency, making the market more resilient to fluctuations in 

renewable energy supply. (ENTSO-E, 2022) Germany can build on this experience by 
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coordinating with European power exchanges and regulatory bodies to harmonize intraday 

trading rules with neighboring markets. This will enable cross-border participation, 

increasing competition and liquidity. 

Regulatory adjustments will also be necessary to incentivize market participation. 

Financial incentives, such as reduced transaction fees for early bids or preferential 

treatment for flexible generation assets, can encourage traders and renewable energy 

producers to participate in these new auctions. Additionally, demand-side response 

programs should be integrated, allowing consumers to adjust consumption in response to 

intraday price signals. 

Germany’s transition to a more structured intraday auction system will require a 

phased approach, beginning with pilot auctions in select regions with high renewable 

penetration. Data from these pilots should be analyzed to assess the impact on liquidity, 

price convergence, and congestion management before broader implementation. By 

gradually increasing the number of intraday auctions and ensuring market participants are 

adequately prepared, Germany can create a more efficient and resilient electricity market. 

Implement dynamic zone management 

Dynamic zone management is a necessary step in improving price accuracy and 

congestion management within Germany’s electricity market. (Caporin et al., 2022) The 

current static bidding zone framework does not always reflect real-time grid constraints, 

leading to inefficient dispatch decisions and increased redispatch costs. Allowing for more 

flexible adjustments to bidding zones based on actual congestion patterns will enable more 

efficient market operation. 
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Germany should develop an adaptive zonal structure that integrates machine 

learning algorithms and real-time congestion monitoring tools to assess grid conditions 

continuously. This system would enable TSOs to make periodic adjustments to bidding 

zones, ensuring that locational price signals remain accurate. Rather than relying on long-

term historical congestion patterns, real-time data should inform when and where zones 

need to be modified. 

A gradual approach should be taken to minimize market disruption. The JRC report 

suggests that transitioning to a dynamic zonal framework should be implemented in phases, 

ensuring that market participants have time to adapt. (European Commission JRC., 2024) 

Initial steps should involve pilot programs in regions with persistent congestion, allowing 

regulators to study the impact of frequent zone modifications on liquidity, price volatility, 

and investment decisions. 

To ensure transparency and predictability, Germany should establish a formal 

regulatory framework outlining when and how zones can be modified. This could include a 

fixed review cycle—e.g., biannually—combined with stakeholder consultations and 

published criteria for zone boundary changes. A permanent market advisory group, 

composed of representatives from TSOs, regulators, trading parties, and power exchanges, 

could review congestion trends and recommend zone adjustments, ensuring both 

transparency and accountability. 

Italy’s experience with bidding zone reforms underscores the importance of real-

time analytics and stakeholder involvement. (Caporin et al., 2022) A similar consultative 

process in Germany would help avoid unnecessary volatility and maintain investor 

confidence during the transition to a more dynamic framework. 
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Maintaining investment predictability is essential. Frequent zone adjustments may 

increase locational uncertainty, particularly for renewable and storage developers. To 

mitigate this, Germany should introduce stable and long-term locational investment signals 

that are complementary to dynamic zones. These could take the form of locational scoring 

mechanisms embedded in renewable energy tenders, targeted capacity market eligibility 

criteria, or differentiated grid connection charges. While such instruments are external to 

the wholesale market itself, they can be designed to work in parallel with market-based 

signals, guiding investment toward areas that alleviate grid congestion and support system 

efficiency. 

By embedding dynamic zone management into Germany’s market design, 

locational signals will better reflect physical realities, helping reduce redispatch volumes 

and supporting efficient infrastructure deployment. When implemented with careful 

oversight, stakeholder inclusion, and complementary investment incentives, this approach 

can enhance the responsiveness, transparency, and effectiveness of the German electricity 

market. 

 Develop training resources for market participants 

A successful transition to MPBs and LMPs in Germany requires that all market 

participants, including generators, traders, grid operators, and regulators, fully understand 

the new mechanisms and their implications. (Ashour Novirdoust, Rajon, et al., 2021) 

Without adequate training and capacity-building measures, inefficiencies and market 

disruptions may arise due to a lack of understanding of the new bidding and pricing 

structures. 
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Germany should establish a structured national training initiative focused on 

educating market participants about MPBs, LMPs, and the evolving electricity market 

framework. This initiative should involve academic institutions, industry associations, and 

regulatory bodies to ensure the training content is comprehensive and aligned with real-

world market operations. Training materials should cover topics such as market clearing 

mechanisms, unit-level bidding, price formation under LMPs, and strategies for managing 

price risk in the new system. 

Investing in digital learning platforms will be a key enabler for widespread 

knowledge dissemination. Online webinars, interactive simulations, and certification 

programs should be made available to traders, generators, and market operators, allowing 

them to gain hands-on experience with new bidding and pricing methods. Germany should 

look to international examples, such as Italy and the UK, where structured training 

initiatives have successfully increased market confidence and participation. (Richstein et 

al., 2018) 

Regulators and power exchanges should also facilitate in-person workshops and 

regional stakeholder meetings to provide practical demonstrations of the new market 

mechanisms. These sessions should include case studies of MPB and LMP 

implementations in other markets, offering best practices and lessons learned. Additionally, 

market simulations and pilot trading environments should be created, allowing participants 

to test MPB strategies before full-scale implementation. 

A key challenge in the training process will be ensuring that smaller market 

participants, such as independent renewable generators and aggregators, have equal access 

to educational resources. Tailored support programs should be developed for these groups, 
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ensuring they have the knowledge and technical capacity to participate effectively in the 

evolving market. 

Regulatory authorities should introduce mandatory training requirements for key 

market participants, ensuring that all traders, market operators, and generators undergo 

structured training before participating in MPBs and LMP-based auctions. Certification 

programs, similar to financial market training for derivatives traders, could help ensure that 

all participants meet a minimum competency standard. 

By establishing a well-structured training program that combines digital learning, 

hands-on simulations, and targeted stakeholder engagement, Germany can ensure a smooth 

transition to MPBs and LMPs. Providing comprehensive education and capacity-building 

initiatives will reduce implementation risks, improve market liquidity, and enhance overall 

confidence in the new market design. (Richstein et al., 2018) 

Phase 3: Optimization of Market Mechanisms 

Begin phased LMP implementation in high-congestion zones 

LMP is widely recognized as the most effective long-term market mechanism for 

managing grid congestion and improving system efficiency. (Ashour Novirdoust, Bichler, 

et al., 2021) Unlike zonal pricing, which averages grid constraints across broader areas, 

LMP provides granular price signals that reflect real-time congestion and system 

constraints. By sending accurate locational signals, LMP ensures that generation and 

consumption decisions are aligned with actual grid conditions, reducing the need for costly 

redispatch and curtailment. 
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Neuhoff et al. (2024) argues that a full transition to LMP should be approached 

cautiously, as its implementation represents a major shift in Germany’s electricity market 

design. A phased introduction, starting in regions with persistent congestion, will allow 

market participants to gradually adapt while minimizing risks. The JRC report supports this 

stepwise approach, recommending that LMP be introduced at a high granularity to test its 

feasibility in a climate-neutral power system. (European Commission JRC., 2024) This 

method allows stakeholders to evaluate its impact on grid stability, investment signals, and 

market liquidity before broader adoption. 

Empirical evidence from comparative modeling studies suggests that LMP 

significantly improves market efficiency. Aravena et al. (2021) simulate electricity market 

operations under different congestion management models, including zonal pricing with 

FBMC and nodal pricing with LMP. In a stylized but data-informed representation of a 

European electricity system, their results show that nodal pricing improves overall market 

efficiency by 5.09% compared to FBMC. While the model simplifies some grid features 

for analytical clarity, it incorporates key characteristics of European power markets such as 

cross-border flows, redispatch mechanisms, and unit-level bidding constraints. This finding 

provides a strong indication that implementing LMP—particularly in regions where 

congestion is a persistent and costly issue—can yield substantial improvements in system 

utilization and reduce redispatch interventions. 

To implement this transition, Germany should start with pilot programs in selected 

high-congestion regions where redispatch costs are persistently high. These pilot zones 

should be chosen based on historical congestion data, renewable energy penetration levels, 

and grid stress factors. TSOs should collaborate with regulators and market participants to 

ensure that these pilot programs generate useful insights before scaling up LMP adoption. 
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One of the main challenges of introducing LMP is managing price volatility and 

mitigating financial risks for market participants. To address this, Germany should 

integrate FTRs into the market framework. FTRs provide a hedge against locational price 

fluctuations, offering financial stability to generators and consumers exposed to LMP-

driven price variations. Markets like PJM and ERCOT in the United States have 

successfully implemented FTRs alongside LMP, ensuring that participants can manage 

congestion-related costs while benefiting from improved market efficiency. (PJM, 2025) 

Regulatory adjustments will be necessary to support this transition. The German 

government should conduct a comprehensive cost-benefit analysis to evaluate the long-

term economic and operational impacts of LMP, as highlighted in the JRC report. 

(European Commission JRC., 2024) This analysis should assess how LMP affects different 

market participants, including renewable generators, industrial consumers, and distribution 

system operators. Additionally, policymakers should ensure that the introduction of LMP is 

coordinated with broader European electricity market reforms to maintain cross-border 

trading compatibility. 

Infrastructure upgrades will also be required. LMP relies on real-time grid 

monitoring and advanced computational models to calculate locational prices accurately. 

Germany should invest in IT systems capable of handling the increased data complexity, 

ensuring that TSOs and power exchanges can manage LMP calculations efficiently. Market 

participants should also be provided with forecasting tools and analytical resources to help 

them adapt to the new pricing structure. 

A key component of the implementation strategy should be stakeholder 

engagement. Many market participants, particularly smaller renewable generators, may 

initially be unfamiliar with LMP’s implications. Structured consultation processes, 
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workshops, and training programs should be launched to provide guidance on how LMP 

will impact dispatch decisions, revenue streams, and investment incentives. 

By rolling out LMP in a phased manner—starting with pilot regions, integrating 

financial hedging mechanisms, and ensuring regulatory and infrastructure readiness—

Germany can transition toward a more efficient and congestion-resilient electricity market. 

This approach will allow lessons to be learned before full-scale adoption, minimizing 

disruptions while unlocking the long-term benefits of LMP. 

 Co-optimize energy and ancillary service markets 

Integrating energy and ancillary service markets is a necessary step toward realizing 

the full efficiency potential of a system based on multi-part bids MPBs and LMP. While 

MPBs enable generators to submit detailed offers that reflect operational constraints—such 

as start-up costs and minimum generation levels—and LMP provides accurate locational 

price signals, these mechanisms alone cannot ensure optimal dispatch unless ancillary 

services are co-optimized with energy markets. (Ashour Novirdoust, Rajon, et al., 2021) 

Currently, Germany operates energy and ancillary service markets separately. 

Frequency control, voltage regulation, and balancing reserves are procured through 

dedicated mechanisms that run independently of the main energy market. This artificial 

separation introduces inefficiencies, as the most cost-effective resources may not be 

selected for ancillary services if they are already committed in the energy market or vice 

versa. This undermines the potential of MPBs to reflect true costs and the effectiveness of 

LMPs to signal grid needs. 

Neuhoff et al. (2024) argues that co-optimizing energy and ancillary services 

ensures that available flexibility is allocated based on overall system benefit, allowing the 
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market-clearing process to identify the least-cost solution for both energy and reliability 

services. (Aravena et al., 2021) provide empirical evidence showing that co-optimization, 

particularly in nodal market structures, significantly reduces total system costs and 

improves dispatch efficiency. Their analysis illustrates how nodal co-optimization 

minimizes the need for out-of-market interventions like redispatch, one of the primary 

motivations for Germany’s broader market reform. 

Implementing co-optimization in Germany requires modifying the market-clearing 

algorithm used by TSOs and power exchanges to jointly evaluate energy and reserve bids. 

Under a future MPB-LMP framework, this would allow generators to submit multi-part 

bids that capture both their energy and ancillary service capabilities at specific nodes, 

improving the granularity and accuracy of dispatch decisions. This integration must be 

supported by updates to bidding rules, enabling generators to offer energy and flexibility 

services through a single, coordinated process. 

ERCOT’s experience in the U.S. demonstrates the feasibility and advantages of this 

approach. In ERCOT’s nodal market, co-optimization has led to more efficient use of 

generation assets, greater system reliability, and lower operating costs. (ERCOT, 2024) 

Germany can draw from this example to develop its own co-optimization pilots in regions 

where flexibility constraints and redispatch needs are particularly acute. 

Moreover, co-optimization strengthens the value of LMPs by ensuring that price 

signals reflect the true cost of securing both energy and system services in real time. This 

creates better incentives for investment in flexible resources such as batteries, demand 

response, and grid-supportive renewable generation. Without co-optimization, these price 

signals risk being incomplete, weakening the investment guidance that LMPs are intended 

to provide. 
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To ensure a smooth rollout, TSOs should collaborate with regulators, market 

participants, and IT providers to upgrade system capabilities, incorporate real-time 

forecasting tools, and establish clear guidelines for participation. Training sessions and 

stakeholder workshops should be organized to prepare market participants for changes in 

bidding structures and dispatch logic. 

In short, co-optimizing energy and ancillary services is not just an operational 

upgrade—it is an essential complement to the MPB-LMP reform package. It ensures that 

the benefits of more granular market signals are fully realized, and that the system can 

operate reliably and cost-effectively in a high-renewable future. 

Leverage MPB data for targeted grid investments 

MPBs generate highly granular data on generation, costs, and locational constraints, 

making them a valuable tool for prioritizing grid investments. (Bundesministerium für 

Wirtschaft und Klimaschutz, 2024) This data can help policymakers and TSOs identify 

critical areas where grid reinforcement is most needed, thereby reducing congestion and 

improving overall system reliability. 

Neuhoff et al. (2024) highlights how leveraging detailed market data can support 

more efficient infrastructure planning. By analyzing locational price variations, system 

operators can determine which regions face persistent congestion and prioritize investments 

accordingly. The JRC report aligns with this recommendation, emphasizing the importance 

of locational investment signals in renewable energy auctions and capacity market design. 

(European Commission Joint Research Centre, 2024) 

To implement this approach, Germany should develop an integrated grid 

investment framework that systematically incorporates MPB data into infrastructure 
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planning. This involves creating a digital platform that aggregates real-time congestion 

data, market-clearing prices, and unit-level bidding patterns to provide a comprehensive 

picture of grid bottlenecks. 

MPB outputs should be directly linked to Germany’s long-term infrastructure 

planning process, ensuring that investment decisions reflect actual market conditions rather 

than outdated projections. This will allow TSOs to prioritize new transmission lines, 

substation upgrades, and storage deployment in locations where they will provide the 

greatest congestion relief. 

A key focus should be on improving coordination between electricity market design 

and infrastructure expansion. Currently, grid investment decisions are often made 

independently of market dynamics, leading to suboptimal outcomes. By aligning MPB-

based insights with long-term grid planning, Germany can ensure that investment decisions 

are cost-effective and targeted. 

Data-driven investment planning has been successfully implemented in Nordic 

markets, where granular locational data has been used to guide grid expansion projects. 

(ENTSO-E, 2022) Germany should follow a similar model, ensuring that investment 

decisions are regularly updated based on evolving market conditions. 

Policymakers should also consider how MPB data can be used to integrate 

hydrogen production and flexible demand resources into congestion management 

strategies. The JRC report highlights the growing role of hydrogen as a redispatch driver, 

suggesting that investment planning should account for its locational impacts. (European 

Commission Joint Research Centre, 2024) By identifying high-congestion areas where 

flexible demand solutions can provide relief, Germany can optimize its infrastructure 

investments while supporting the growth of new energy technologies. 
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By systematically leveraging MPB data, Germany can ensure that grid investments 

are strategically allocated to reduce congestion, improve efficiency, and support a resilient 

electricity system 

Enhance local price signals through targeted policies 

Accurate local price signals are essential for guiding efficient investment and 

operational decisions that support grid stability and minimize congestion. (Ashour 

Novirdoust, Rajon, et al., 2021) In a market design based on LMP and MPBs, locational 

signals already emerge through short-run prices that reflect real-time grid constraints. If 

these prices are allowed to rise sufficiently in congested areas, they can in principle provide 

strong incentives for flexibility, generation, or demand-side investment. However, in 

practice, concerns about price volatility, market acceptance, and political feasibility often 

lead to interventions that cap short-run prices or dampen their volatility—reducing their 

effectiveness as investment signals. 

To complement these price signals and ensure predictable conditions for long-term 

investment, policymakers may need to design targeted policies that reinforce market 

incentives. Neuhoff et al. (2024) argues that location-specific incentives can align 

investment with grid needs more directly and reliably than relying on volatile price signals 

alone. In particular, modifying renewable energy auction designs to include locational 

scoring or congestion-based adjustments could help steer projects toward areas where they 

deliver the most system value. Similar mechanisms could apply to support storage or 

flexible demand resources. 

Germany’s current approach to renewable support has not yet fully integrated 

locational considerations. Lessons from countries like Italy—where targeted subsidies 
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helped alleviate congestion in high-bottleneck zones—suggest that well-designed, location-

sensitive policies can complement short-run pricing while mitigating concerns about 

volatility and equity. (Caporin et al., 2022) These measures do not replace market signals 

but strengthen their ability to drive investment decisions in a way that reflects long-term 

grid priorities.  

Another key policy measure is the expansion of demand-side flexibility programs 

that respond to local price signals. Germany should establish regional demand-response 

programs that incentivize industrial consumers and aggregators to shift electricity 

consumption based on real-time congestion data. These programs should be integrated with 

LMP pilots, allowing consumers to benefit from lower prices in uncongested areas while 

reducing strain on the grid. 

Regulatory adjustments should also be made to encourage local storage deployment 

in congested areas. Batteries and other flexible resources should be compensated based on 

their locational value, ensuring that they are placed in regions where they provide the most 

congestion relief. Germany should develop a locational storage incentive program that 

ensures new battery installations are co-located with high-renewable-penetration zones to 

reduce curtailment and improve grid resilience. 

To ensure effective implementation, Germany should establish a policy framework 

that continuously evaluates the effectiveness of local price signals. TSOs and regulators 

should work together to assess whether price-based incentives are driving desired market 

responses and make adjustments where necessary. 

By enhancing local price signals through targeted policies, Germany can incentivize 

investment in grid-supportive areas, reducing congestion and improving system efficiency. 

A combination of location-based subsidies, demand flexibility programs, and targeted 
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storage incentives will ensure that market participants respond effectively to congestion-

related price signals, leading to a more balanced and efficient electricity market. 

Phase 4: Market Expansion 

Extend MPBs to real-time balancing markets 

Extending MPBs into real-time balancing markets is a critical step toward aligning 

operational decisions with actual system constraints. MPBs improve efficiency by enabling 

generators to submit unit-level cost and operational data, allowing the market to optimize 

dispatch based on startup costs, ramp rates, and minimum generation levels. (Richstein et 

al., 2018) In Germany’s current system, however, balancing markets operate on a zonal 

basis, and redispatch is handled separately, often after market closure. This separation leads 

to inefficiencies, as redispatch decisions are made outside the market without considering 

granular cost structures or locational constraints. 

Introducing MPBs in the balancing market would begin to close this gap. While 

MPBs themselves are not inherently locational, their effectiveness in reducing redispatch 

depends on the pricing framework within which they operate. If Germany retains a zonal 

system, MPBs would improve the technical efficiency of dispatch within zones but would 

not solve misallocations caused by ignoring intra-zonal congestion. In contrast, if MPBs 

are combined with locational pricing (e.g., nodal or zonal+ approaches), they can directly 

address both economic and physical inefficiencies by embedding congestion signals into 

the real-time balancing process. 

Neuhoff et al. (2024) stresses that real-time market clearing must be coordinated 

with locational signals to ensure that balancing actions reflect physical grid conditions. 
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Similarly, the European Commission’s Joint Research Centre (2024) recommends moving 

toward market-based congestion management and cautions that the current redispatch 

system lacks transparency and cost reflectiveness. Extending MPBs into balancing markets 

is a key step toward operationalizing this vision — but only when paired with spatial 

pricing mechanisms. 

Aravena et al. (2021) argue that the current German redispatch model introduces 

distortions by decoupling market prices from actual grid constraints. They show that 

without locational signals, even finely tuned MPBs can result in economically suboptimal 

outcomes, as redispatch remains necessary to resolve congestion that the market did not 

anticipate. Their findings suggest that MPBs alone are not sufficient to eliminate redispatch 

inefficiencies unless the market itself reflects locational constraints. 

To address this, Germany should pilot MPBs in balancing markets in congested 

areas, while exploring options for spatial differentiation—either through more dynamic 

bidding zones or nodal pricing. This would allow TSOs to procure balancing energy based 

on both cost and location, reducing the need for non-market redispatch. In parallel, FTRs 

should be introduced to help market participants hedge against emerging locational price 

differentials. 

Regulatory updates will be necessary to support this shift. Market rules must be 

adapted to accommodate MPBs in the balancing timeframe, with clear guidelines for how 

bids are evaluated, settled, and remunerated in conjunction with locational signals. Training 

programs and stakeholder consultations will be essential to ensure that market participants 

understand the new bidding formats and the implications for their dispatch and revenue 

strategies. 
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By integrating MPBs into real-time balancing markets—and aligning them with 

locational pricing signals—Germany can begin to internalize grid constraints in the market 

itself, reduce costly redispatch interventions, and move toward a more efficient and 

transparent electricity system. This step marks a necessary convergence between 

operational efficiency and spatial granularity in market design. 

Implement a unified real-time market 

Germany’s real-time energy and balancing markets currently operate through 

separate mechanisms, leading to inefficiencies and fragmented price signals. Unifying 

these markets into a single co-optimized framework will enhance transparency, improve 

operational efficiency, and enable a more coordinated response to system imbalances. 

(Richstein et al., 2018) 

The first step in this transition is developing a unified market-clearing model that 

co-optimizes energy dispatch, reserve procurement, and congestion management. This will 

ensure that market-based resources are allocated efficiently across all services, minimizing 

system costs and improving grid flexibility. Aligning this transition with existing MPB 

reforms will provide additional efficiency gains, as bids reflecting unit-level constraints can 

be optimized across energy and ancillary service markets. 

Germany should upgrade its IT infrastructure to accommodate the increased 

computational complexity of a unified real-time market. Advanced forecasting tools, AI-

driven optimization algorithms, and automated dispatch mechanisms should be deployed to 

enhance system responsiveness. Improved data transparency is also necessary to provide 

market participants with real-time insights into system conditions, enabling them to adjust 

their strategies accordingly. 
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Lessons from Australia’s National Electricity Market demonstrate that 

consolidating real-time market functions reduces administrative complexity and enhances 

price efficiency. (AEMO, 2025) Germany should study the Australian model to identify 

best practices for integrating multiple market functions into a single clearing mechanism. 

A phased approach should be pursued, beginning with pilot projects in regions 

where balancing market inefficiencies are most pronounced. These pilots should assess 

participant behavior, system flexibility, and price convergence before full-scale 

deployment. Regulatory adjustments will be needed to ensure that bidding structures, 

settlement procedures, and reserve procurement mechanisms align with the unified market 

framework. 

Market participants must be given sufficient time to adapt to the new system. 

Training programs should be introduced to provide generators, traders, and grid operators 

with the necessary knowledge to participate effectively in the unified real-time market. 

Workshops and simulation exercises can be used to familiarize participants with co-

optimized bidding structures and real-time price formation. 

By consolidating real-time markets into a single, co-optimized platform, Germany 

can improve price formation, enhance grid flexibility, and ensure a more resilient 

electricity system. 

Adjust renewable subsidies to align with locational benefits 

Germany’s existing subsidy framework for renewable energy fails to reflect spatial 

grid constraints, resulting in disproportionate siting of generation in already congested 

areas. This has increased redispatch volumes and system costs. To improve alignment 

between renewable deployment and grid needs, subsidy mechanisms should be adjusted to 
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reflect locational price signals, thereby incentivizing investment in areas that support 

overall system efficiency. (Ashour Novirdoust, Rajon, et al., 2021) 

In principle, efficient short-run market prices—including those derived from MPBs 

or LMPs—should send long-run investment signals. However, in practice, investment 

signals are distorted by factors such as administratively imposed price caps, regulatory 

uncertainty, or underdeveloped hedging instruments. These distortions limit the ability of 

price signals to guide renewable investment effectively. In this context, locationally 

differentiated subsidies can serve as a second-best policy tool to correct for these market 

failures by providing supplemental signals where market-based incentives fall short. 

Germany should therefore introduce a locational scoring model that incorporates 

real-time congestion patterns, local hosting capacity, transmission availability, and 

demand-side flexibility. This model would guide the allocation of renewable subsidies, 

offering higher support to projects in underutilized or grid-beneficial areas. By doing so, 

the policy would encourage more balanced renewable siting and reduce system stress in 

already congested zones. 

In addition, a periodic review mechanism should be established to adjust subsidy 

levels based on updated market and system data. This process should include evaluation of 

MPB or LMP price signals, regional redispatch trends, and infrastructure developments. As 

system conditions evolve, subsidies can be recalibrated to ensure that financial incentives 

remain aligned with dynamic grid needs. (European Commission Joint Research Centre, 

2024) 

Lessons from Italy illustrate the potential benefits of locationally adjusted subsidies. 

There, targeted financial incentives in high-congestion zones led to more efficient 

investment patterns and improved overall grid stability. (Caporin et al., 2022) Germany can 
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build on this experience by tailoring its subsidy instruments to reflect not only generation 

potential but also grid value. 

Demand-side flexibility should be integrated into this framework. Consumers, 

storage operators, and aggregators that locate in high-renewable areas and help absorb 

excess generation should receive support through demand-side contracts or location-

specific tariff schemes. This would broaden the subsidy program’s reach and maximize 

system benefits. 

Finally, to ensure investor confidence, these reforms should be grounded in clear, 

transparent criteria developed in consultation with TSOs, renewable developers, and 

regulators. By creating predictable, locationally aware financial frameworks, Germany can 

guide investment where it provides the most grid value, thereby minimizing redispatch and 

enhancing the efficiency of its energy transition. 

Phase 5: Ongoing Refinements 

The final phase of the transition to MPBs and LMP focuses on continuous 

refinement and adaptation of the market design. Establishing ongoing monitoring 

mechanisms, integrating new market participants such as aggregators and prosumers, 

leveraging congestion data for targeted improvements, incorporating digital advances into 

MPB frameworks, and enhancing collaboration between transmission and distribution 

system operators (TSOs and DSOs) are essential to maintaining long-term efficiency and 

stability. 
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Establish continuous monitoring mechanisms 

Maintaining long-term efficiency in a more granular electricity market requires 

ongoing oversight of how well market mechanisms reflect physical system conditions. In a 

system governed by MPBs and LMP, continuous monitoring is essential to identify 

whether price signals accurately reflect congestion, whether dispatch outcomes are 

efficient, and whether market participants are responding as intended. (Richstein et al., 

2018) 

Monitoring efforts should focus on identifying persistent discrepancies between 

market prices and actual grid constraints, as these can signal inefficiencies in dispatch or 

gaps in investment incentives. Over time, such discrepancies may also point to emerging 

forms of market power or unintended consequences of market rules. For example, 

systematic underutilization of certain grid corridors or persistent price spikes in specific 

nodes may reflect structural issues that require regulatory attention. 

Aravena et al. (2021) stress that systematic monitoring of redispatch costs is 

necessary to prevent inefficiencies from accumulating over time. Their findings support the 

introduction of automated tracking systems that continuously assess price signals and 

identify emerging patterns of market distortion. The roadmap’s emphasis on ongoing 

market surveillance aligns with these recommendations, ensuring that LMP and MPB 

mechanisms remain effective in the long term. 

Analytical tools can support this effort by systematically collecting and evaluating 

data on nodal prices, redispatch volumes, bidding behavior, and transmission constraints. 

Instead of relying on broad indicators, these tools can isolate recurring patterns of 

inefficiency and feed into structured regulatory assessments. While machine learning or 

algorithmic pattern recognition may be used in some cases—for instance, to detect 
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anomalies in bidding behavior or predict congestion based on weather and load forecasts—

such technologies should be deployed where they offer clear diagnostic value, not as an 

end in themselves. 

To operationalize this, Germany should implement real-time data analytics 

platforms capable of processing vast volumes of grid and market data. These tools should 

generate automated reports that provide insights into congestion trends, market liquidity, 

and system stability. Regulatory bodies should publish periodic evaluations of market 

performance, highlighting key inefficiencies and proposing corrective measures. Lessons 

from Nord Pool demonstrate that continuous market surveillance improves overall 

efficiency by providing transparency and data-driven interventions. (Nordpool, 2025) 

The case for continuous monitoring is particularly strong in markets undergoing 

structural change. As Germany transitions toward a system with more granular pricing and 

unit-based bidding, the risks of misaligned incentives, insufficient investment response, or 

unintended distributional effects increase. Monitoring allows for the early identification of 

these risks and provides a feedback loop for refining policy instruments. 

International experience shows that regular publication of performance reports—

covering metrics such as redispatch costs, pricing accuracy, and bidding patterns—can 

improve transparency and accountability. As emphasized by Neuhoff et al. (2024), 

structured and transparent market oversight helps maintain trust in complex reforms. 

Similarly, the JRC underscores the importance of continuous evaluation to ensure that 

investment signals remain aligned with system needs. (European Commission Joint 

Research Centre, 2024) 
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By embedding systematic monitoring into the governance of Germany’s electricity 

market, regulators can ensure that MPBs and LMPs remain effective tools for efficient 

dispatch, grid stability, and investment alignment over time.  

Integrate aggregators and prosumers 

The growing role of decentralized energy resources necessitates the active 

integration of aggregators and prosumers into electricity markets. Small-scale producers 

and flexible consumers can enhance market liquidity, contribute to demand-side 

management, and improve overall system flexibility. However, existing market 

frameworks do not fully accommodate these participants, limiting their ability to contribute 

effectively. (Ashour Novirdoust, Bichler, et al., 2021) 

Germany should develop dedicated demand-response platforms that allow 

aggregators and prosumers to submit bids into MPB and balancing markets. These 

platforms should include real-time pricing signals that incentivize flexible consumption and 

localized generation, ensuring that decentralized assets actively contribute to congestion 

management and grid stability. In parallel, regulatory frameworks must be adapted to 

ensure fair compensation, transparent settlement mechanisms, and appropriate metering 

standards. 

International experience demonstrates the benefits of integrating aggregators into 

electricity markets. The UK’s National Grid ESO Flexibility Initiatives have successfully 

enhanced market liquidity by enabling distributed energy resources to participate in 

balancing and capacity markets. (NESO, 2025) Applying similar principles in Germany 

will facilitate broader market participation and optimize the efficiency of decentralized 

assets. 



 

189 

To facilitate this transition, Germany should implement pilot programs that assess 

aggregator participation in MPBs and LMPs. These pilots should focus on overcoming 

technical and regulatory barriers, ensuring that small-scale energy producers and flexible 

consumers can seamlessly integrate into market operations. 

Address inefficiencies via local congestion data 

Granular congestion data is essential for diagnosing persistent bottlenecks and 

guiding both infrastructure investment and market design improvements. Germany’s 

current approach to congestion management often relies on historical data and ex-post 

analysis, limiting its ability to proactively address grid stress. Deploying real-time 

monitoring and congestion analytics would allow regulators and system operators to 

dynamically identify inefficiencies and intervene earlier. 

Machine learning models can be used to analyze real-time power flows, bidding 

behavior, and congestion patterns, offering insights into both recurring and emerging 

inefficiencies. These analytics can inform adjustments to bidding zones, support better 

siting of grid infrastructure, and guide investments in flexibility resources such as storage 

and demand-side response. The European Commission Joint Research Centre (2024) 

highlights the need to systematically incorporate locational data into investment planning 

processes, especially as transmission constraints shift with growing renewable penetration. 

Their analysis warns that without such integration, infrastructure investments risk being 

misaligned with actual grid needs. 

Empirical evidence from Italy supports this approach. Caporin et al. (2022) 

examine the effects of using locational congestion data in Italy’s Central-South zone, 

where persistent bottlenecks had driven up redispatch costs and system instability. By 
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integrating congestion monitoring into grid planning and adjusting zonal boundaries based 

on observed data, Italian authorities achieved a measurable reduction in redispatch costs 

and improved overall market efficiency. This example illustrates how congestion data, 

when actively used to guide operational and planning decisions, can deliver tangible 

system benefits. 

Germany could benefit from adopting a similar framework. A structured process for 

collecting, analyzing, and publishing congestion data—combined with institutional 

mechanisms for acting on these insights—would ensure that market and infrastructure 

decisions remain responsive to evolving grid conditions. Rather than relying solely on 

periodic, top-down planning cycles, this approach would enable continuous adjustment and 

more effective use of system resources. 

Adapt MPB frameworks for digital advances 

As electricity markets continue to evolve, digital technologies will play an 

increasingly critical role in optimizing market design. Future-proofing the MPB framework 

will require the integration of new digital tools such as blockchain-based trading platforms, 

AI-driven dispatch optimization, and advanced forecasting models for demand and supply 

fluctuations. (Ashour Novirdoust, Rajon, et al., 2021) 

Germany should incorporate flexible demand-side mechanisms into MPBs to 

enhance market adaptability. These enhancements will enable participants to engage in 

more precise and strategic bidding, ensuring that market outcomes reflect actual grid 

conditions. Additionally, digital platforms should be developed to facilitate real-time 

settlements and improve market transparency. 
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Experience from the Australian Energy Market Operator highlights the importance 

of integrating digital tools into electricity market design. (AEMO, 2025) Germany should 

explore similar advancements, ensuring that market mechanisms remain responsive to 

technological developments and evolving participant behaviors. 

A structured roadmap for digital integration should include regulatory support for 

blockchain-based trading, investment in AI-driven price forecasting, and enhanced data-

sharing protocols between TSOs and DSOs. By embracing digital advances, Germany can 

maintain an efficient and future-ready market framework. 

Foster TSO-DSO collaboration 

The successful operation of MPBs and LMPs requires seamless coordination 

between TSOs and DSOs. Traditionally, grid management has been centralized at the 

transmission level, but as decentralized generation and flexibility services increase, DSOs 

will play a more active role in local congestion management and system balancing. 

(Ashour Novirdoust, Rajon, et al., 2021) 

Germany should establish formal collaboration frameworks between TSOs and 

DSOs to enable real-time coordination. This includes joint data platforms that allow both 

parties to share congestion forecasts, grid conditions, and bidding behavior from distributed 

assets. Advanced grid management models should be developed to ensure that local 

distribution constraints—such as transformer loading or low-voltage congestion—are 

factored into market-clearing algorithms, especially under LMP. 

Pilot programs are a critical step in identifying workable models for this 

collaboration. In the Netherlands, the GOPACS platform provides a concrete example of 

how DSOs and the TSO (TenneT) coordinate congestion management by jointly procuring 
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flexibility from market participants at the local level. This real-time coordination has 

allowed grid operators to resolve bottlenecks cost-effectively without resorting to 

infrastructure-heavy solutions. Similarly, Denmark has introduced TSO-DSO coordination 

protocols through Energinet and regional DSOs, including shared planning of redispatch 

and flexibility services. These models demonstrate how structured cooperation leads to 

better visibility across voltage levels and reduces the risk of conflicting system 

interventions. (ENTSO-E, 2022) 

Germany can draw on these lessons by launching test regions where TSOs and 

DSOs coordinate dispatch decisions and congestion interventions using shared digital 

platforms. These pilots should be supported by regulatory sandboxes that allow for 

experimentation with new data exchange protocols, roles, and compensation mechanisms 

for local flexibility providers. 

Regulatory adjustments will also be needed to define responsibilities clearly. As 

DSOs take on greater roles in local balancing, incentive structures and market access rules 

must be updated to ensure that flexibility located in the distribution grid can actively 

participate in system-wide congestion management without undermining grid stability. 

Stronger TSO-DSO coordination will help integrate distributed energy resources 

more effectively, reduce redispatch needs, and ensure that the benefits of MPBs and LMPs 

are realized across all grid levels. By investing in shared infrastructure, common planning 

tools, and regulatory clarity, Germany can build a more resilient and well-integrated 

electricity system. 
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Critical Reflection of the Implementation Roadmap 

The proposed roadmap for implementing MPBs and LMP in Germany follows a 

structured and phased approach designed to balance stakeholder engagement, regulatory 

adaptation, technical readiness, and economic impact. However, its success depends on 

addressing several potential challenges, including resistance from incumbents, institutional 

complexity, regulatory hurdles, technological limitations, and concerns over fairness and 

affordability. While the roadmap provides a strong foundation, these factors will play a 

decisive role in shaping its implementation. 

One of the central assumptions of the roadmap is that early stakeholder engagement 

will establish the necessary consensus for reform. While structured consultations provide a 

strong basis for alignment, resistance from large generators, industrial consumers, and 

other incumbent players remains a key risk. Market participants who have benefited from 

the existing system may perceive the shift to MPBs and LMPs as a disruption to their 

business models. The roadmap acknowledges this challenge and places significant 

emphasis on ensuring transparency and continuous dialogue to prevent misalignment as 

implementation progresses. Nonetheless, the potential for prolonged resistance remains, 

particularly if stakeholders are not convinced that the transition will lead to a level playing 

field or offer clear financial benefits. 

Institutional coordination between TSOs, DSOs, regulatory bodies, and 

policymakers represents another critical factor influencing the feasibility of 

implementation. The roadmap assumes that early institutional alignment will facilitate a 

smooth transition, yet historical examples of electricity market reforms in Germany suggest 

that governance changes often face internal resistance. TSOs and DSOs, accustomed to 

their existing roles, may resist new responsibilities or demand additional regulatory 



 

194 

clarifications before committing to implementation. While the roadmap accounts for the 

need for governance frameworks and structured coordination mechanisms, challenges 

related to role distribution and regulatory authority may still arise. 

Regulatory adaptation is a key pillar of the roadmap, with initial phases prioritizing 

alignment with EU directives such as the Clean Energy Package. While this approach 

ensures coherence with broader European energy policies, the complexity of regulatory 

negotiations may introduce delays. The assumption that regulatory alignment can be 

achieved within the initial two-year phase may face challenges given the intricate nature of 

legislative approval processes and the diverse interests represented in German energy 

policy. The roadmap’s reliance on regulatory alignment as a foundational step means that 

any delays in this process could have cascading effects on subsequent phases. 

Technical readiness presents another potential challenge. The roadmap accounts for 

early investment in IT infrastructure to manage the increased data requirements of MPBs 

and LMPs. However, the complexity of market-clearing algorithms and the need to 

integrate distributed energy resources (DERs) into bidding structures introduce 

uncertainties. Developing and testing these algorithms requires extensive modeling and 

stress-testing to ensure that they can effectively handle the decentralized and meshed nature 

of Germany’s electricity grid. The implementation process must remain flexible enough to 

accommodate potential refinements to market-clearing mechanisms based on pilot results. 

While the roadmap factors in pilot programs to test feasibility, the speed at which these 

pilots yield actionable insights will influence the overall timeline. 

Concerns around fairness and affordability are also important considerations in the 

roadmap’s approach. Locational pricing mechanisms create strong efficiency signals but 

can lead to regional price disparities, particularly in areas with structural congestion. The 
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roadmap acknowledges these distributional effects by incorporating measures such as 

adjustments to renewable subsidies and differentiated network charges. However, there 

remains an open question as to how quickly market participants will adapt to locational 

signals, particularly in regions where grid expansion or new generation investment may 

take time to materialize. The roadmap assumes that investment signals will gradually 

rebalance the system, yet transitional effects on consumers and businesses in high-LMP 

areas remain an area of uncertainty. 

The structured and phased implementation outlined in the roadmap provides a clear 

framework for transitioning Germany’s electricity market toward MPBs and LMPs. 

However, the extent to which implementation proceeds as planned will depend on how 

effectively stakeholder concerns are managed, how efficiently regulatory approvals 

progress, and how quickly technical solutions can be refined. While the roadmap 

anticipates these challenges and integrates mechanisms to address them, external factors 

such as market dynamics, political shifts, or unforeseen technological constraints may 

influence the pace and scope of the transition. 

Summary 

The roadmap for implementing MPBs and LMP in Germany is structured into five 

phases, each addressing key aspects of regulatory adaptation, market readiness, technical 

integration, and stakeholder engagement. The transition is designed to be gradual, ensuring 

that market participants, policymakers, and infrastructure operators have sufficient time to 

adapt to the evolving framework while mitigating risks associated with market disruptions 

or misaligned incentives. 
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The first phase, initial preparations, establishes the foundation for the reform by 

focusing on early stakeholder engagement, regulatory alignment, and IT infrastructure 

upgrades. Engaging market participants from the outset is critical to building consensus 

and minimizing resistance, as changes to bidding structures and congestion pricing will 

have direct implications for generators, consumers, and grid operators. Aligning regulatory 

frameworks with EU directives, particularly the Clean Energy Package, ensures that 

reforms integrate smoothly with broader European energy market developments. Technical 

readiness is addressed by upgrading market-clearing algorithms and IT systems to handle 

the increased complexity of MPBs and LMPs. Additionally, pilot programs for FBGs and 

congestion-sensitive imbalance pricing allow for testing and refinement before full-scale 

implementation. 

The second phase, market modernization, introduces tangible structural changes by 

integrating MPBs into selected market segments. Officially positioning MPBs as a flagship 

reform signals clear intent and enables market participants to prepare accordingly. Pilot 

programs are expanded to high-congestion regions, testing MPBs in real-world conditions 

to evaluate their impact on price formation, liquidity, and congestion management. The 

number of intraday auctions is increased to improve price responsiveness, allowing market 

participants to adjust bids in closer alignment with real-time grid conditions. Dynamic zone 

management is introduced to ensure that bidding zones better reflect congestion patterns, 

enhancing the efficiency of locational price signals. Training programs are implemented to 

provide market participants with the necessary expertise to operate effectively within the 

new framework. 

The third phase, optimization of market mechanisms, focuses on refining and 

integrating the newly introduced structures. The implementation of LMPs begins in high-
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congestion zones, where locational pricing can have the greatest impact on reducing 

redispatch costs and improving dispatch efficiency. The integration of energy and ancillary 

service markets further streamlines market-clearing processes, ensuring that balancing and 

congestion management mechanisms function in harmony. MPB-generated data is 

leveraged to inform targeted grid investments, ensuring that infrastructure expansion aligns 

with real-time congestion trends. Policies are introduced to reinforce local price signals, 

such as differentiated renewable subsidies to incentivize projects in grid-supportive 

locations. 

The fourth phase, market expansion, extends MPBs and LMPs to additional market 

segments, including real-time balancing markets, where unit-level constraints must be 

reflected in dispatch decisions. A unified real-time market is introduced to improve 

coordination between energy and ancillary services while streamlining system operations. 

Adjustments to renewable subsidy structures ensure that incentives align with locational 

price signals, encouraging new investments in areas that reduce overall system congestion. 

These measures solidify MPBs and LMPs as integral components of Germany’s electricity 

market, ensuring that the new structures support long-term efficiency and reliability. 

The final phase, ongoing refinements, ensures that the market framework remains 

adaptive and resilient. Continuous monitoring mechanisms track market performance, 

congestion trends, and price formation to identify inefficiencies and recommend targeted 

interventions. Aggregators and prosumers are fully integrated into market operations, 

increasing flexibility and demand-side participation. Advanced analytics and machine 

learning models analyze congestion data, guiding infrastructure investments and improving 

market operations. The MPB framework is adapted to accommodate digital advancements, 

including blockchain-based settlement processes and decentralized trading models. 
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Coordination between TSOs and DSOs is reinforced to ensure seamless operational 

management, congestion mitigation, and data sharing. 

The roadmap represents a comprehensive approach to implementing MPBs and 

LMPs in Germany, but its success will depend on how effectively the outlined steps are 

executed. While the structured approach accounts for potential challenges, several critical 

factors will determine the feasibility of implementation. Resistance from incumbents is one 

of the primary risks, as market participants who benefit from the current system may 

perceive MPBs and LMPs as a threat to their business models. While early stakeholder 

engagement is designed to mitigate this, prolonged opposition could delay key milestones 

or necessitate additional incentives to secure buy-in. Institutional coordination between 

TSOs, DSOs, regulatory authorities, and policymakers presents another challenge, as 

governance roles and responsibilities may need to be restructured to accommodate new 

market functions. 

Regulatory complexity is another key consideration. The roadmap assumes that 

national legislation will align with EU directives in the early stages, but regulatory 

negotiations and approval processes often extend beyond anticipated timelines. If 

regulatory delays occur, subsequent phases of implementation may require adjustments. 

Technical readiness also poses potential risks, as market-clearing algorithms must be 

capable of processing granular bidding data in real-time. While pilot programs are designed 

to address this, unexpected challenges in system integration could require additional time 

for refinements. 

Economic and social impacts must also be considered. While locational pricing 

improves efficiency, it may introduce regional price disparities that affect consumers and 

businesses differently. The roadmap accounts for this by incorporating transitional 
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measures such as renewable subsidy adjustments and differentiated network charges, but 

the speed at which market participants adjust to locational price signals remains an open 

question. Ensuring that price signals drive investment decisions without creating excessive 

short-term volatility will be crucial. 

Despite these challenges, the roadmap provides a structured and adaptable 

framework for transitioning to MPBs and LMPs in Germany. Its phased approach ensures 

that technical, regulatory, and market readiness are addressed incrementally, reducing the 

likelihood of system-wide disruptions. The ability to integrate lessons from pilot programs, 

adjust implementation strategies based on real-world performance, and maintain flexibility 

in response to unforeseen challenges will be critical in ensuring a successful market 

transition. 
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Chapter VIII. 

Conclusion and future research directions 

As the discussion on market design and stakeholder implications has shown, 

implementing multi-part bidding in Germany would require careful planning, regulatory 

adaptation, and technological investments. To conclude, this chapter summarizes the key 

findings of this study and outlines future research directions that could further refine the 

understanding of MPBs and their potential impact on Germany’s electricity market. 

Summary of Key Findings 

This thesis has analyzed how the introduction of multi-part bids at the unit level 

could impact Germany’s electricity market, particularly in terms of market efficiency, 

stakeholder implications, and regulatory feasibility. The study finds that Germany’s current 

portfolio-based bidding model and zonal pricing system introduce significant 

inefficiencies, particularly in congestion management, price formation, and renewable 

energy integration. Through a comparative case study of Italy’s unit-based MPBs and the 

introduction of locational price signals, the research identifies concrete benefits and 

challenges that Germany would need to address in a potential transition. 

Germany's existing portfolio-based bidding system lacks the granularity needed for 

efficient dispatch, as aggregated bids obscure unit-specific operational costs. This results in 

high redispatch costs, which reached €3.1 billion in 2023, driven by the need to correct 

congestion post-market clearing. The absence of locational price signals means that RES 

are not incentivized to locate in grid-friendly areas, leading to inefficiencies and 

curtailment. Moreover, the reliance on administrative redispatch rather than market-based 
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congestion pricing leads to misaligned investment incentives and increased operational 

complexity for grid operators. 

In contrast, Italy’s unit-based MPB system allows generators to submit cost-

reflective bids, ensuring more efficient dispatch decisions and reducing redispatch needs. 

The use of locational pricing elements further aligns market prices with actual grid 

constraints, improving investment signals for flexibility solutions such as storage and 

demand response. Italy’s market design enhances transparency and market liquidity while 

minimizing strategic bidding behavior, which has been a concern in Germany's redispatch 

market. However, Italy’s experience also highlights implementation challenges, including 

regulatory adjustments, stakeholder resistance, and IT infrastructure upgrades, which 

Germany would need to carefully navigate. 

The introduction of MPBs in Germany would impact multiple stakeholders. 

Generators would benefit from clearer price signals but may face increased competition 

and price volatility. Grid operators would see lower redispatch costs and improved 

congestion management, but would require new forecasting and market-clearing tools to 

manage unit-level bids. Consumers could experience greater price differentiation by region, 

potentially leading to higher costs in constrained areas unless mitigated through demand-

side flexibility measures. Regulators would need to align Germany’s framework with EU 

directives, particularly the Clean Energy Package, to facilitate cross-border electricity 

trading and harmonization with other European markets. 

A phased implementation roadmap is necessary to ensure a smooth transition. In the 

short term, Germany should conduct pilot programs in congestion-prone regions, revise 

imbalance pricing to include congestion signals, and upgrade IT systems to support more 

granular bidding. In the medium term, the number of intraday auctions should be increased 
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to improve liquidity, and dynamic bidding zones should be introduced to better reflect real-

time grid conditions. In the long term, Germany could extend MPBs to real-time balancing 

markets, implement a unified real-time market, and adjust renewable subsidies to align 

with locational benefits. Ensuring continuous monitoring and regulatory refinement will be 

crucial in maintaining market efficiency throughout this transition. 

The findings of this thesis indicate that multi-part bidding could significantly 

improve Germany’s market efficiency, particularly in reducing redispatch costs, improving 

investment signals, and enhancing flexibility. However, the transition requires careful 

regulatory planning, stakeholder engagement, and IT modernization to avoid unintended 

market distortions. Italy’s experience provides valuable lessons, showing that gradual 

implementation, strong regulatory alignment, and early stakeholder engagement are 

essential for success. By adopting a structured and adaptive approach, Germany can move 

toward a more competitive, cost-efficient, and resilient electricity market that supports the 

integration of renewable energy while maintaining grid stability. 

Limitations and Future Research Directions 

While this thesis provides a comprehensive analysis of the potential adoption of 

MPBs and LMP in Germany, several limitations should be acknowledged. The study 

primarily relies on qualitative comparative analysis, drawing insights from academic 

literature, policy documents, and case studies, rather than conducting quantitative modeling 

or empirical simulations. A more detailed simulation-based impact assessment could 

provide clearer estimates of how MPBs would influence market prices, redispatch volumes, 

consumer costs, and investment decisions under different market conditions. 
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The comparative analysis with Italy, while valuable, does not fully capture 

Germany’s unique market characteristics. Differences in grid topology, generation mix, 

and regulatory institutions may influence the feasibility and outcomes of implementing 

MPBs in Germany. Unlike Italy’s zonal pricing system, Germany’s single bidding zone 

suppresses regional price variations, making locational price differentiation more 

politically sensitive. Italy’s MSD is already integrated with real-time dispatch, while 

Germany still relies on ex-post redispatch, suggesting that the transition process may be 

more complex. Institutional inertia, political constraints, and regional disparities could 

further impact how MPBs and LMPs are introduced. 

Additionally, while this study proposes an implementation roadmap, it remains 

conceptual and may face practical challenges during execution. Factors such as political 

resistance, funding availability, technological readiness, and unforeseen market 

developments could alter the timeline and feasibility of a transition. The economic and 

social implications of introducing MPBs—such as distributional effects on consumers, 

potential price volatility, and investment uncertainty—also require further investigation. 

To address these limitations, future research should explore the following areas: 

• Quantitative Analysis of Market Impacts: Simulation studies or econometric 

analyses could quantify the potential benefits and costs of MPBs and LMPs, 

assessing impacts on electricity prices, generator revenues, consumer costs, RES 

integration, and overall market efficiency. 

• Stakeholder Adaptation and Market Behavior: Investigating how different 

stakeholders—small-scale generators, industrial consumers, and market entrants—

would adapt to MPBs and LMPs. Understanding behavioral responses could help 

policymakers design transition mechanisms that minimize market disruption. 
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• Regulatory and Institutional Challenges: Analyzing institutional resistance and 

exploring governance frameworks to support MPBs. Research could identify 

regulatory bottlenecks and develop strategies for aligning market structures with 

EU directives while ensuring political feasibility. 

• Comparative Studies with Other EU Markets: Expanding the analysis beyond Italy 

to include other European markets implementing MPBs or nodal pricing, providing 

insights into best practices, common challenges, and innovative policy solutions. 

• Long-Term Market Efficiency and Sustainability: Evaluating how MPBs and LMPs 

would affect long-term investment signals, grid modernization, and decarbonization 

goals. Research could examine their role in facilitating a low-carbon, flexible 

electricity system. 

• Technological Innovations and Digitalization: Assessing how artificial intelligence, 

blockchain, and advanced data analytics could enhance the implementation of 

MPBs, improving market transparency, reducing administrative costs, and 

automating grid operations. 

• Social and Distributional Impacts: Investigating how MPBs and LMPs could affect 

energy affordability, regional price disparities, and social equity, ensuring that the 

transition does not disproportionately burden vulnerable consumers or regions with 

weaker grid infrastructure. 

By addressing these research areas, future studies can refine the understanding of 

MPBs and LMPs in the German electricity market, provide policymakers with data-driven 

insights, and contribute to the successful modernization of electricity markets across 

Europe. 
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