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Key Messages

Electricity markets play a critical role in balancing supply and demand, ensuring the efficient
and secure operation of the power system, supporting operational decision-making, and
guiding investment decisions. As technological advancements accelerate, the electricity system
is evolving into a more renewable-based, decentralized, digitalized, and consumer-oriented
structure. This transformation across the value chain—from generation to consumption—brings
new operational and investment requirements. In this evolving landscape, temporal and
locational price signals that more accurately reflect system dynamics and flexibility needs
will become increasingly important.

Increasing the locational granularity of price signals can enable a more accurate reflection
of grid constraints, the value of flexibility across different regions of the system, and overall
system costs. In addition, it can support the optimal siting of generation assets, energy storage
systems, electrolyzers, and demand-side participation resources, thereby reducing the need
for costly redispatch actions. In the long term, such a pricing structure can contribute to
directing investments toward the most suitable locations within the power system.

Under Turkiye's current national Day-Ahead Market (DAM) design, a single market-clearing
price (Market Clearing Price - MCP) is established without adequately reflecting transmission
constraints and regional system conditions. As renewable energy capacity and network congestion
continue to increase, this market design may pose significant operational challenges for the
power system in the coming years. The analysis conducted for 2035 indicates that, under a
zonal pricing framework, 12.4 TWh of the total 14.6 TWh of transmission constraints could be
efficiently resolved within the Day-Ahead Market (DAM) through regional price signals. Under
a nodal pricing framework, however, almost all congestion (14.5 TWh) can be addressed
through locational pricing mechanisms within the market itself. Consequently, transmission
constraints are directly reflected in market-clearing prices, enabling a market outcome that
is both physically feasible and economically efficient. In such a market design, the role of
the System Operator is largely limited to managing unforeseen real-time imbalances, while
each node is priced based on its respective locational marginal cost.

According to the 2035 market simulations, under the current single national pricing system,
annual renewable energy curtailment reaches 6.2 TWh, with the majority occurring as unplanned
curtailments that require real-time intervention by the system operator. Under a zonal pricing
framework, unplanned curtailments decline to 0.9 TWh, while 5.1 TWh of curtailment is
managed proactively within the market through planned dispatch decisions. Under a nodal
pricing framework, the need for unplanned interventions falls further to just 0.2 TWh. By
reflecting grid constraints and regional supply surpluses in locational prices, these pricing
mechanisms enable a market structure thatis more closely aligned with the physical realities
of the power system and operates with greater efficiency.

Zonal and nodal pricing align revenues with locational system costs, rewarding generators
based on the actual value they provide to the system and directing investments toward
regions with lower congestion risks and adequate transmission capacity. By reflecting the
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locational and operational value of generation in market prices, these pricing frameworks
enhance market transparency, operational efficiency, and investment discipline, while reducing
the need for out-of-market interventions. At the same time, zonal and nodal pricing lead to
a redistribution of costs and benefits among producers and consumers. Taking the current
national pricing model as the baseline (100%), producer welfare declines to 86% under zonal
pricing, while consumer welfare increases to 134%. Overall system welfare rises to 109%
under zonal pricing and to 123% under nodal pricing. These gains are driven by more efficient
utilization of transmission capacity, lower redispatch costs, and a more accurate response of
generation and consumption to locational price signals.

e The current national pricing structure does not provide sufficient incentives for the efficient
operation of battery energy storage systems, as it fails to adequately reflect actual grid
constraints and the regional value of flexibility. According to the modeling results, battery
storage systems could achieve up to 42% higher profits under a nodal pricing framework.
This increase in profitability is driven by strong locational price signals that incentivize storage

assets to operate in areas where grid congestion is most severe.

In addition, zonal and nodal pricing more accurately capture the economic value of interconnection
capacity and cross-border electricity trade. As a result, market participants receive price
signals that reflect real-time generation, demand, and transmission conditions, enabling
more efficient operational and investment decisions.
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Executive Summary

A. Introduction

Electricity has become increasingly central to advanced economies in recent years. Driven
by technological progress, power systems are evolving into structures with higher shares of
renewable energy, greater decentralization, increased digitalization, and more active consumer
participation. As the electricity value chain undergoes this transformation, emerging operational
and investment requirements are increasing the need for a market design that is aligned with the
evolving power system. Although Tirkiye's electricity market has undergone significant structural
reforms in recent years, achieving the country’s long-term decarbonization goals will require
further improvements to the market framework. As the power system evolves, not only how
electricity is generated but also when, where, and how it is consumed is becoming increasingly
important. Without market arrangements that can accommodate this transformation, the operation
of the electricity system may become more uncertain and more costly. In this context, an efficient
market design that supports the ongoing transformation and provides accurate price signals to
both producers and consumers is essential.

Turkiye's electricity market framework, whose foundations were established in 2001 and further
shaped by the Electricity Market Law No. 6446, which entered into force in 2013, continues to
operate under a single national hourly pricing mechanism. While this market design enables
generators to participate in a broad and competitive marketplace, it does notincorporate regional
supply-demand imbalances or transmission network constraints into market prices. As the energy
transition accelerates and power system operations become increasingly complex, this pricing
framework may limit the efficient management of grid operations and constrain the power
system’s ability to accommodate emerging technological and operational requirements.

The accelerating integration of variable renewable energy and the growing deployment of
distributed energy resources in Tirkiye are raising questions about the effectiveness of the
current national pricing mechanism. The concentration of wind and solar capacity in specific
geographic regions is increasing grid congestion and driving greater demand for system flexibility.
Under these conditions, the current single national pricing model may become increasingly
inadequate in reflecting regional supply-demand imbalances. Against this backdrop, alternative
pricing frameworks—such as zonal and nodal pricing—that more accurately reflect real-time grid
conditions are expected to minimize renewable energy curtailment and guide new infrastructure
investments toward the most suitable locations within the power system.

B. Purpose and Scope

This study assesses the potential impacts of introducing zonal and nodal pricing mechanisms as
alternatives to the current national market settlement model in Turkiye's electricity market. The
analysis is based on 2035 projections and evaluates the alternative pricing frameworks under
two main scenarios, taking into account regional grid constraints and supply-demand balances:

e Reference Scenario: This scenario is based on currenttrends and assumes a gradual, moderate-
scale increase in solar and wind capacity.
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e Net Zero Scenario (NZ2053): This scenario is aligned with SHURA's “Net Zero 2053" model
study and assumes a high level of variable renewable energy capacity.

In this study, which simulates Turkiye's electricity market and transmission network, the outcomes
of the national, zonal, and nodal pricing models are evaluated from two main perspectives:

1) Market Impacts: Analysis of price formation, costs, revenue distribution, and social welfare.
2) System Operation: Assessment of congestion management, renewable energy integration,
curtailment, and system reliability.

C. Findings and Discussion

The impacts of different market settlement mechanisms were assessed through market and
grid simulations from the perspectives of both market efficiency and system operation. Each
settlement approach directly affects price formation, the interaction between electricity generation
and demand, and the power system’s ability to integrate renewable energy. Evaluating these
impacts provides valuable insights into how Turkiye's future electricity market design can balance
economic efficiency, security of supply, and renewable energy integration.

Based on the assumptions and inputs considered in the analysis, the zonal pricing framework
results in three price zones under the Reference Scenario and six price zones under the Net
Zero Scenario. These findings indicate that as renewable energy penetration increases and grid
constraints become more binding, price patterns become more geographically differentiated,

requiring a greater number of price zones to accurately reflect system conditions.
C.1.The Impact of Nodal and Zonal Pricing on Grid Congestion
The analysis for 2035 under the Net Zero Scenario highlights the magnitude and distribution

of congestion on the 400 kV transmission grid under the current national market settlement
mechanism (Figure 1).

Figure 1. Congestion on the 400 kV Transmission Grid under the Net Zero Scenario
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Under this projection, the annual volume of transmission constraints is estimated to reach 14.6
TWh. To maintain the secure operation of the power system within its operational security limits,
the system operator (TEIAS) will need to manage this congestion through real-time redispatch
actions (load increase/load decrease instructions). In this context:

Operational Burden: The need for real-time grid monitoring will increase, and the growing
frequency of operator interventions will place a significant operational burden on the system
operator.

Economic Costs: The increasing volume of redispatch instructions will raise system operating
costs and reduce overall market efficiency.

Divergence Between Market and Grid System: The inability of the single national price to reflect
grid constraints will widen the gap between market outcomes and the physical realities of the
power system.

By contrast, as illustrated in Figure 2, the introduction of zonal or nodal market settlement
mechanisms can significantly mitigate these challenges.

According to the modeling results, under the Net Zero Scenario, the zonal settlement framework
reduces annual congestion from 14.6 TWh to 2.1 TWh, enabling most operational challenges to
be managed through market mechanisms. In this framework, 12.4 TWh of congestion is resolved
economically within the day-ahead market (DAM) through regional price signals, while TEIAS is
responsible only for managing congestion on transmission lines between price zones.

The nodal settlement framework further maximizes system efficiency by resolving almost all of
the 14.6 TWh of annual congestion (14.5 TWh) through locational pricing within the market. By
fully reflecting grid constraints and transmission losses in market prices, this approach enables
market outcomes to closely align with the physical realities of the power system. As a result, the
system operator's role is largely limited to managing unforeseen imbalances, while each node
is priced according to its actual marginal cost.

Figure 2. Comparison of Annual Congestion under Different Market Settlement Scenarios - Net
Zero Scenario (2035)
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The results indicate that transitioning from the current national market structure to zonal-and
ultimately nodal-market settlement would significantly reduce the need for redispatch actions,
improve operational efficiency, and enable market prices to more accurately reflect underlying
system costs.

C.2.The Impact of Nodal and Zonal Market Settlement on Renewable Energy Curtailment

Renewable energy curtailment in Turkiye's electricity market can be classified into two main
categories based on its timing and underlying cause: Planned Curtailment and Unplanned
Curtailment. This distinction is important not only for identifying the drivers of curtailment but
also for understanding how advanced market designs, such as zonal and nodal pricing, can
reduce these inefficiencies.

The quantitative impact of different market settlement approaches on annual renewable energy
curtailment under the Net Zero Scenario is presented in Figure 3. The analysis compares annual
solar and wind curtailment under three different market structures—national, zonal, and nodal—
while distinguishing between planned and unplanned curtailment.

Figure 3. Impact of Different Market Settlement Approaches on Annual Renewable Energy
Curtailment (Net Zero Scenario)
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Under the current single national pricing model, annual renewable energy curtailment reaches 6.2
TWh, with almost all curtailment occurring as “unplanned” curtailment that cannot be anticipated
in the day-ahead market and therefore requires real-time intervention by TEIAS. This creates a
significant operational burden and reduces system efficiency, particularly in generation-intensive
regions such as the Aegean and Southeastern Anatolia. Under a zonal settlement framework,
however, the incorporation of congestion into market price signals reduces unplanned curtailment
to 0.9 TWh, while 5.1 TWh of curtailment is managed proactively through market mechanisms
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as "planned” curtailment. The highest level of efficiency is achieved under a nodal pricing
framework. In this model, total renewable energy curtailment declines to 4.9 TWh, while the
need for unplanned interventions falls to just 0.2 TWh. By fully reflecting grid constraints and
local supply surpluses in locational prices, nodal pricing enables the market to reach an efficient

equilibrium with minimal reliance on extensive operational interventions.

In summary, the transition from a national settlement framework to a zonal or nodal market
structure represents the integration of the physical realities of the power system into the market
mechanism. Under the national model, curtailment is managed largely through unplanned
operational interventions, whereas in the zonal model, itis addressed proactively through market
mechanisms. The nodal framework further minimizes curtailment, allowing the system to achieve

the highest levels of both operational and economic efficiency.
C.3.The Impact of Nodal and Zonal Market Settlement on Renewable Energy Siting

The spatial distribution of renewable energy generation has a direct impact on both system
performance and economic efficiency. This study evaluates the effect of nodal market settlement
on renewable energy siting decisions based solely on market price signals, independent of external
factors such as land availability, grid connection requirements, or permitting processes. Accordingly,
the findings reflect purely price-driven theoretical investment preferences and illustrate how a

nodal market design could influence investment decisions through economic incentives.

Under the current national pricing model, all market participants are settled at a uniform price
regardless of location. As a result, renewable energy investors prioritize sites with the highest
resource quality (e.g., high wind speeds or solar irradiation) without considering grid constraints
or transmission capacity limitations. This has led to significant capacity additions in resource-rich
regions such as the Aegean, Central Anatolia, and Southeastern Anatolia, where transmission
constraints are also more pronounced. Consequently, projects located in these constrained
areas face a higher risk of renewable energy curtailment, leading to lower expected revenue
levels (Figure 4).

Figure 4. Distribution of solar and wind power plants by the annual capacity factor of transformer

substations
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As shown in Figure 5, the locational price signals created by nodal pricing have a directimpact on
the geographical distribution of renewable energy capacity. For solar power plants, investments
decline in regions such as Konya, Afyon, and the Northern Aegean (red dots). This is primarily
because significant transmission constraints in these areas suppress nodal prices, reducing project
profitability. In contrast, the investment potential increases in the Antalya region and along the
southern and western Anatolian coastlines (green dots), where higher nodal prices and a better
balance between local generation and demand create more favorable market conditions.

Figure 5. Impact of nodal pricing on the siting of solar (Left) and wind (Right) power plants
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This result clearly demonstrates the long-term influence of nodal pricing on renewable energy
investments. Over time, investments are expected to shift toward nodes with higher LMPs
(Locational Marginal Prices), strong local demand, sufficient transmission capacity, and a lower risk
of congestion. As a result, a nodal market design would encourage the expansion of renewable
energy capacity in locations that are both economically efficient and better aligned with the
physical characteristics of Turkiye's power system.

C.4.The impact of nodal and zonal market settlement systems on electricity generation revenues

The market settlement mechanism has a significant influence on the revenue distribution of
generation assets. Under the national settlement model, a single system-wide price is applied
to all generators regardless of location. In contrast, zonal and nodal settlement mechanisms
are based on 'locational pricing’, which reflects the physical constraints of the transmission grid
and the resulting marginal costs. Under these market designs, the revenue of a generator asset
depends not only on its level of electricity generation but also on the local price established
through market clearing at its respective node or zone. Under the Net Zero Scenario, the transition
from the national settlement mechanism to zonal or nodal pricing models results in a noticeable
reduction in total generation revenues (Figure 6). Taking the national market structure as the
reference case (100%), total generation revenues decline to 89% under zonal settlement and
to 74% under nodal settlement. These results indicate a potential revenue reduction of up to
26% compared with the current single-price market design. The primary driver of this decline is
the occurrence of zero or negative locational prices in regions characterized by high renewable
energy penetration and limited transmission capacity. Since both zonal and nodal settlement
mechanisms directly reflect local supply surpluses and transmission constraints in market prices,
they also lead to lower overall revenue levels.
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Figure 6. Change in generation revenues in 2035 under different settlement mechanisms (Net

Zero Scenario)
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Beyond the overall decline in total system revenues, the impact of nodal settlement varies
considerably across generation technologies. Figure 7 illustrates the share of each generation
technology in total generation revenues under the Net Zero Scenario, expressed as a percentage
relative to the revenues under the national settlement framework.

Figure 7. Technology-specific change in generation revenues relative to the national settlement
price (2035)
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The projected changes in revenues across generation technologies indicate that locational pricing
creates both risks and opportunities. Generators located in regions with significant transmission
constraints or persistent local supply surpluses are exposed to lower market prices, while facilities
situated in high-value locations or demand-intensive areas can benefit from higher locational
prices, improving their profitability.

Under nodal settlement, revenues become differentiated by location, resulting in a pricing structure
that fully reflects underlying system costs. As a result, generators are rewarded according to their
actual contribution to system efficiency and reliability. This mechanism directs new investments
toward nodes with more stable price levels, encouraging capacity expansion to develop in full
alignment with transmission infrastructure and regional demand patterns. Within this framework,
nodal settlement incorporates the locational and operational value of generation into market
prices, enabling grid conditions to be reflected transparently and reducing the need for external
interventions. Over time, this transformation will strengthen market transparency, operational
efficiency, and investment discipline, supporting a more sustainable and cost-effective Turkish

electricity market structure.
C.5.The Impact of nodal and zonal market settlement on social welfare

In electricity markets, the concept of “social welfare” refers to the total economic benefit derived
from electricity generation and consumption. It is defined as the area between the supply and

demand curves at the market equilibrium price and consists of two main components (Figure 8):

e Producer surplus represents the profit obtained by power plants and is calculated as the
difference between the market price and the marginal cost of generation.
e Consumer surplus represents the economic benefit obtained by consumers as a result of

paying a price below the maximum amount they are willing to pay.

Figure 8. The concept of social welfare in electricity markets
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The choice of a national, zonal, or nodal market settlement mechanism directly determines the

market's overall welfare potential and the allocative efficiency of this welfare distribution.

As shown in Figure 9, the transition to zonal and nodal pricing leads to a redistribution of load
(consumer) and generation (producer) surplus. Taking the national settlement model as the
normalized baseline (100%), generation surplus declines to 86% under zonal settlement, while
load surplus increases to 134%. These results indicate that transmission congestion costs, which
are implicitly borne by consumers under the current national pricing mechanism, are more
accurately allocated to producers under zonal pricing, thereby reducing the burden on consumers.

Figure 9. Generation and load surplus under different market settlement mechanisms (Net Zero
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While the revenues of certain producers decrease due to transmission constraints and regional
price reductions, consumers benefit from prices that reflect the system'’s actual marginal costs.
In other words, the welfare loss observed for specific producer groups is more than offset by
the increase in consumer welfare. As a result, a net improvement in overall social welfare is
achieved. These results are presented in Figure 10, which summarizes the impacts of settlement
mechanisms on social welfare. When the national market (base scenario) is normalized to 100%,
total welfare increases to 109% under regional settlement and to 123% under nodal settlement.
This welfare improvement primarily reflects more efficient utilization of transmission capacity, a
significant reduction in operational balancing instructions (YAL/YAT) costs, and enhanced market
transparency, enabling generation and consumption units to respond to accurate locational

price signals.
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Figure 10. Social welfare under different market settlement mechanisms (Net Zero Scenario)
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C.6. The impact of nodal and zonal market settlement on battery energy storage operation
and siting

Under the Net Zero Scenario, a total battery energy storage capacity of 7,200 MW / 28,800
MWh is projected to be deployed by 2035 (Figure 11). These units are assumed to participate
in the electricity market by charging during low-price periods and discharging during high-price
periods based on the principle of energy arbitrage.

Figure 11. Battery energy storage base locations (2035)
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Under the national settlement mechanism, where electricity prices are uniform across the country,
both spatial and temporal price differences remain limited. In the absence of locational price
variation, battery storage systems often face similar charging and discharging price levels, limiting
arbitrage opportunities. As a result, the national pricing framework provides insufficient incentives
for the efficient operation of battery energy storage systems and fails to fully reflect actual grid
constraints and the regional value of flexibility. According to the model results, battery energy
storage systems could achieve 42% higher total profits under a nodal pricing framework. This
increase in profitability is driven by strong locational price signals that encourage storage assets
to operate in the most congested areas of the grid, where they can provide the greatest system
value. To further examine the impact of location, two alternative battery deployment scenarios

were evaluated:

e The baseline deployment scenario shown in Figure 11; and
e Aprice signal-driven deployment scenario, in which battery storage systems are sited according

to nodal price signals (Figure 12).

Figure 12. Modeled battery energy storage system deployment locations
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Relocating battery storage systems based on nodal price differentials increases profitability from
42% to 48%, providing an additional 6% improvement. Under this configuration, battery energy
storage systems are concentrated in the western and southern load corridors surrounding izmir,
Bursa, Antalya, and the Marmara region, where grid congestion and demand variability create the
largest price differentials. By contrast, fewer storage assets are deployed in the eastern regions,
where price volatility and energy arbitrage opportunities are more limited.

Overall, these findings demonstrate that nodal settlement naturally provides the economic
signals required for the efficient operation and investment of battery energy storage systems.
By aligning operational decisions and siting choices with actual grid conditions, it transforms

battery storage from a passive market participant into an active system-balancing resource.

" It should be noted that the locations presented here are determined solely on the basis of LMP signals and do not take land suitability
into account.
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In contrast, the absence of locational price differentiation under a uniform national pricing
framework limits both operational efficiency and investment viability.

C.7.The Impact of Nodal Settlement Method on Cross-Border Electricity Trade via ENTSO-E

Cross-border electricity trade plays a critical role in enhancing system flexibility, particularly in
power systems with high shares of renewable energy. Tirkiye's interconnection with ENTSO-E is
located in the Thrace region and serves as the main corridor for electricity imports and exports with
Europe. However, under the current single national pricing framework, transmission constraints
and locational inefficiencies limit the operational efficiency of these interconnections, particularly
during periods of high renewable energy generation.

Under the national settlement framework, transmission-level congestion between Anatolia
and Thrace is managed by TEIAS through redispatch orders (YAL/YAT) without regional price
differentiations. As a result, lower-cost generation in Anatolia is curtailed while higher-cost generation
in Thrace continues to operate. In contrast, nodal settlement enables the formation of locational
prices that reflect actual transmission constraints and automatically signals economically efficient
import and export opportunities with ENTSO-E based on the marginal price atthe border node.
Figure 13 presents the results of the nodal market simulations for four different cases. These
cases examine how the interaction between ENTSO-E market prices (merit order) and marginal
prices in the Thrace region influences cross-border electricity trade, internal congestion, and
overall grid efficiency.

Figure 13. Impact of nodal pricing on electricity trade with ENTSO-E under different scenarios
(2035)

Case 1: ENTSO-E merit = Thrace average merit Case 2: ENTSO-E merit = Thrace average merit
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Case 1 - ENTSO-E Merit = Thrace Average Merit : In this case, electricity imported from ENTSO-E
remains more expensive than local generation in the Thrace region, resulting in the dispatch of
local power plants ahead of imports. As illustrated in the figure, transmission congestion along
the Western Anatolia-Thrace corridor (red lines) prevents generators in Anatolia from operating
at their full economic potential. Under the national pricing model, this causers high redispatch
costs. Under a nodal pricing framework, however, higher locational prices in Thrace naturally
discourage imports, thereby supporting a more efficient local supply-demand balance.

Case 2 - ENTSO-E Merit = Thrace Average Merit : In this scenario, where European and Thrace
market prices converge, cross-border electricity trade stabilizes at the marginal equilibrium
level. As imports and exports respond dynamically to real-time price differentials, transmission
constraints are reduced compared to Case 1. Under a nodal pricing framework, even small
locational price differences are translated into economically optimal electricity flows without

the need for intervention by the system operator.

Case 3 - ENTSO-E Merit < Thrace Average Merit : In scenarios where electricity prices in Europe are
lower than those in the Thrace region, imports from ENTSO-E become economically advantageous.
The nodal market simulation results show a marked decline in locational marginal prices (LMPs)
across western Turkiye, reflecting the entry of lower-cost imported electricity into the system.

This enables regional demand to be metthrough imports, thereby easing transmission constraints
on the Thrace-Anatolia corridor. As a result, east-west price differentials are reduced and overall
market efficiency improves. While this optimization remains “invisible” to market participants
under the current national settlement framework, a nodal structure reduces the system operator’s
need for costly redispatch actions.

Case 4 - Same as Case 3 but with increased NTC (6.5 GW): A sensitivity analysis was conducted
to assess the impact of increasing the NTC (Net Transfer Capacity) between Turkiye and ENTSO-E.
This scenario represents an expanded interconnection capacity that allows for higher volumes
of cross-border electricity trade. The results show that increasing NTC significantly improves
price convergence between Thrace and Anatolia and almost completely eliminates congestion
on the transmission corridors between the two regions. As prices in Thrace converge toward
ENTSO-E price levels, a more balanced locational price profile emerges across western Turkiye.
However, beyond a certain threshold, increases in NTC provide diminishing marginal returns.
From this point onward, the primary bottleneck is no longer cross-border transfer capacity, but

rather the internal transmission constraints within Turkiye's power grid.

Overall, these findings demonstrate that the locational marginal prices formed under a nodal
settlement mechanism reflect the economic value of interconnection capacity and cross-border
trade. In this context, market participants receive price signals that capture real-time generation,
demand, and transmission conditions.
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D. Policy Recommendations

The transition to locational pricing in the wholesale electricity market represents a fundamental
step toward the modernization of Turkiye's electricity system. Zonal and nodal pricing models
offer significant advantages in terms of market transparency, operational efficiency, and a more
effective investment environment. However, realizing these efficiency gains in a manner consistent
with system reliability requires a well-defined implementation roadmap, broad stakeholder

engagement, and strong institutional coordination.

1. A Phased and Structured Market Transition: One of the key policy recommendations is to
implement market reform through a carefully structured and phased approach. Moving directly from
a national settlement system to a nodal settlement framework would present significant technical,
institutional, and social challenges. Therefore, a gradual transition pathway is recommended. At
the same time, alternative reform options may also be considered, depending on institutional
readiness, technical feasibility, and the maturity of the digital infrastructure.

Option A - A Phased Transition through Direct Nodal Pricing: Under this approach, Locational
Marginal Pricing (LMP) is introduced from the outset, while its scope of application is expanded
gradually over time. In the initial phase, nodal pricing would apply only to generators, while
consumers may continue to remain under the “national uniform price” mechanism. As metering
infrastructure improves and market participants gain experience with the new framework, the
system could be progressively extended to include the demand side. This approach eliminates
the need for an intermediate zonal pricing stage, thereby avoiding the challenges associated
with defining potentially contentious or economically inefficient zone boundaries. As a result, a
substantial share of the potential efficiency gains can be realized early in the transition process.

Option B - A Two-Stage Transition through Zonal Market Settlement: As an alternative, Turkiye
could first implement a zonal pricing framework as an intermediate step before transitioning
to a nodal market design.

® Phase | - Implementation of Zonal Settlement: The transmission grid would be divided
into approximately five or six zones aligned with major transmission corridors and regional
constraint boundaries. This structure would make regional price differences visible and allow
market participants to adapt to locational signals, while keeping market complexity at a
manageable level.

e Phase Il - Development of a Nodal Market: After several years of operation under zonal
pricing, once sufficient grid data, operational experience, and digital capabilities have been

accumulated, the system could evolve toward a fully nodal pricing framework.

Since both approaches offer distinct advantages, the final choice should be based on a balanced
assessment of technical feasibility, stakeholder acceptability, and the pace of development of

the required digital infrastructure and market institutions.
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2. Managing the Social and Regional Impacts of Price Differentiation: One of the principal
concerns associated with locational pricing reforms is their social and regional implications.
Under both nodal and zonal settlement frameworks, electricity prices will naturally vary across
regions due to differences in transmission constraints, generation mix, and demand conditions:

e Duringthe initial phase of the transition, policymakers may establish targeted financial protection
mechanisms for vulnerable consumers and strategically importantindustries located in high-
price regions. For example, in locational pricing mechanisms, the redistribution of revenues
obtained by transmission system operators to generators and consumers may be considered,
as transmission system operators do not incur the additional costs associated with transmission
line capacity limits and the management of this capacity.

e To capitalize on the locational advantages created by the new market design, investment
incentives and regional development funds could be used to encourage the relocation of
electricity-intensive industries to lower-price regions, or to support new renewable energy
investments in higher-price regions.

The system-wide efficiency gains achieved through locational pricing can help limit regional
electricity price increases. This means that consumers in areas with high levels of congestion may
obtain net benefits through lower overall system costs. Moreover, if nodal pricing is introduced
initially only on the generation side as part of a phased transition, regional differences in retail
electricity prices would not emerge immediately, helping to alleviate social concerns during the
early stages of implementation. International experience suggests that although price differentiation
may initially be perceived as inequitable, over the longer term it encourages new investment in
lower-price regions, improves overall grid balance, and enhances regional economic resilience,
thereby promoting a more balanced and efficient market.

3.Managing Reductions in Generation Revenues: The analysis results indicate that total generation
revenues under nodal pricing may decrease by 20% to 25% compared with the uniform price
model. However, this does not represent a net loss of revenue across the system; rather, revenues
are redistributed based on the location of generation facilities and their contribution to the system.
The primary driver of this reduction in total revenues is the elimination of non-market redispatch
payments and other operational inefficiencies embedded in the current market design. While
generators located in regions with surplus supply are likely to receive lower market revenues,
facilities situated closer to major demand centers benefit from higher locational prices. As a result,
overall system efficiency improves, consumer costs decline, and the general financial balance of
the market is maintained. Nevertheless, careful management of this transition process is critical
to ensuring that investor confidence is not adversely affected.

* Revenue Stabilization Mechanism: During the initial phase of the transition to locational
pricing, a temporary revenue stabilization mechanism should be introduced to protect existing
generation assets from abrupt changes in market revenues.

* Renewable Energy Support Schemes: Incentive mechanisms (contracts for difference, feed-
in premiums etc.) should not fully isolate generators from locational price signals. Support
schemes should be designed to reflect the actual value that projects provide to the system
and to reward operational efficiency.
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Capacity Payments and Flexibility: As nodal prices begin to reflect the value of system
flexibility, broad-based capacity payments should be gradually phased down, while the
remaining support should be targeted toward strategic flexibility resources such as energy
storage systems.

Price Risk Management Instruments (FTRs/CRRs): To enable generators and large consumers to
manage locational price risk, the introduction of long-term contracting and hedging instruments,
such as Financial Transmission Rights (FTRs) and Congestion Revenue Rights (CRRs), may
be considered. These instruments financially protect market participants against locational
price risk by compensating for congestion-driven price differences between nodes.

4. Strengthening the Institutional and Technical Foundations: The successful implementation

of a locational pricing mechanism requires strong institutional and technical foundations.

Data Availability and Transparency: Grid congestion data and system costs used in the formation
of nodal prices should be made transparent and readily accessible. Greater transparency
will strengthen confidence in the market and facilitate private-sector investment.

System Modeling and Information Technology (IT) Infrastructure: Advanced grid modeling
capabilities, real-time market clearing optimization, and forecasting tools should be developed
to support the calculation of thousands of nodal prices on an hourly basis.

Regulatory Framework: Market regulations, balancing and settlement codes, and grid connection
policies should be updated to align with the principles of locational marginal pricing (LMP).
Capacity Building: A dedicated technical training program should be developed for market
operators, regulators, and market participants, drawing on international experience and
partnerships with organizations such as ENTSO-E, PJM, and CAISO.

5. Unlocking Opportunities for the Energy Transition in Tiirkiye: Beyond being a technical market

reform, locational pricing has the potential to serve as a strategic enabler of Turkiye's energy

transition. When supported by targeted policy measures, it can strengthen renewable energy

integration, maximize investment efficiency, and deepen regional energy cooperation. To fully

realize these opportunities, the following strategic actions may be considered:

Renewable Energy Integration: Market rules and grid codes should be updated to enable
generators to respond dynamically to locational price signals. This would reduce redispatch
costs while ensuring that new renewable energy projects are located in areas with the highest
system value..

Coordinated Investment Planning: Nodal price projections should be integrated into transmission
planning and investmentincentive schemes. This would help direct private-sector investment
toward areas that alleviate grid congestion and support transmission infrastructure adequacy.
Regional Integration with ENTSO-E: Locational prices at the Thrace-ENTSO-E border could
serve as the basis for cross-border market coupling. Greater price coordination with neighboring
countries would enhance export competitiveness and accelerate Tirkiye's integration into
the European electricity market.
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¢ Grid Modernization and Flexibility: Policies that encourage the deployment of energy storage
and greater demand-side participation in constrained areas should be considered. At the
same time, system resilience should be enhanced through the use of digitalization, advanced
forecasting tools, and real-time data platforms.

6.Demand-Side Participation and the Role of Consumers: Locational pricing presents significant
opportunities to strengthen demand-side participation, an area that remains underdeveloped
in Turkiye's current electricity market design:

e Demand Response by Nature: Consumers in high-price regions would face direct economic
incentives to shift or reduce their electricity consumption during peak periods.

e Aggregation Model: Aggregators could provide grid support by converting the flexibility
offered by consumers into economic value based on regional system dynamics.

e System Efficiency: Through the resulting dynamic interaction, peak loads can be reduced,
transmission congestion can be alleviated, and overall system costs can be lowered. In Turkiye,

unlocking this potential could offset a significant portion of current redispatch costs.

7. Ensuring a Just and Inclusive Transition: While the benefits of locational pricing for system
efficiency are clear, it is equally important that the reform process is socially inclusive. To this
end, the transition should incorporate the following key elements:

e Stakeholder Engagement and Communication: A transparent public communication strategy
should be implemented to clearly explain the objectives and benefits of the reform, while
strengthening coordination among consumers, regional authorities, and market participants.

e Social Support Mechanisms: Targeted social support measures should be introduced to
protect low-income households in high-price regions and to ensure affordable access to
electricity throughout the transition.

¢ Institutional Coordination: Market reform should be implemented in close coordination
with renewable energy support schemes, such as YEKDEM and YEKA, as well as regional

development strategies, ensuring strong collaboration across relevant institutions.

System-level benefits can significantly offset potential reductions in generation revenues resulting
from locational price differences. In this way, all consumers can achieve net benefits through
lower costs and enhanced grid reliability. This holistic approach will ensure the fair distribution
of the economic and environmental benefits of locational pricing across all segments of society.

In conclusion, the transition to locational pricing represents far more than a technical market

reform; itis a strategic transformation that will prepare Tirkiye's electricity system for the future.
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