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TECHNO ECONOMIC ASSESSMENT OF PSP KOZJAK AND OTHER POTENCIAL PROJECTS IN HSE GROUP IN TERMS OF WHOLESALE MARKET OPERATION AND ANCILLARY SERVICES PROVISION

BACKGROUND
HSE d.o.o. is a Slovenian state-owned company founded in 2001 which holds full or most of the ownership in twenty companies that together form Group HSE (HSE). All the companies in the group are involved in power sector: from coal mining, electricity production from fossil fuels and renewables, project management, to supply and trading. HSE produces almost 7,5 TWh of electricity on annual level which makes it the main power producer in Slovenia. Depending on the hydrology, almost half of annual production comes from renewable sources (RES), mainly hydro generation.
As the main power producer in Slovenia, HSE is also the main provider of ancillary services which help keeping the power system in balance. Providing ancillary services requires flexible power sources that are responsive, reliable and able to rapidly change the power output.
Regardless of the fact that half of the production portfolio represents power from thermal power plants, HSE is looking forward into a carbon-neutral future. To achieve this, we believe that we need more storage units which are not only responsive and able balance the system but are also able to shift power production from one delivery period to another. With such units power system will be able to store the energy in periods where there is abundant power production from renewables such as run of river hydro, solar and wind and release it in periods when there’s lack of power production.
HSE already has a pumping-storage hydropower plant (PSP) which is a part of chain of hydropower plants (HPP) on river Soča. This power plant, ČHE Avče, is operated by SENG, Soške elektrarne Nova Gorica, which is one of the HSEs’ subsidiaries. This varspeed unit is able to store up to 2,3 GWh with installed pumping power of 180 MW and generating power 185 MW. Its power can vary in both modes of operation for 45%. This PSP is in operation since 2009 and HSE gained a lot of experience and knowledge about the operation of varspeed units providing both, electricity and ancillary services from them. The possibility of extension of the upper storage of PSP Avče to store up to 3,3 GWh of energy is under consideration too.
DEM, Dravske elektrarne Maribor is also one of the HSEs subsidiaries. It owns 8 HPP on river Drava. This chain of HPPs produces on average 2,4 TWh annually. Looking for more flexibility and storage capabilities DEM developed promising potential project pumped storage hydroelectric power plant on the Drava river in the region of Kozjak (PSP Kozjak). Based on the existing technical documentation, energy storage capacity of PSP Kozjak will be approx. 3 millions of m3 (approx. 5.2 GWh), with installed net capacity 440 MW (2 x 220 MW) and connection to the new 2 x 400 kV Maribor high voltage network node. Such plant could play significant role in providing balancing and ancillary services in Slovenia and other neighbouring countries.
Another PSP project is planned inside HSE, PSP Trbovlje. This PSP would have 3 x 9 MW units and could store up to around 200 MWh. HSE also have the possibilities to plan more small PSPs.
Power market in Slovenia changed a lot in the last decade: the ratio between peak and baseload fell, hourly prices are more volatile, and the ancillary services market became deregulated and it's opening also to ancillary services providers from other sides of the border. Volatile power prices reflect volatile power sources, lower peak-baseload ratio means more photovoltaics and an open ancillary services market means more competition, also from new technologies like batteries. From reasons described before, the economic model of PSP changed and should be redefined in order to verify if PSP Kozjak and other PSP are feasible in the future.
OBJECTIVES
The aim of the Study is to assess the market benefits that can be generated from commissioning of PSP Kozjak and other potential PSP’s in HSE Group and its operation on the wholesale market as well as for provision of ancillary services in the future power system as expected by ENTSO-E TYNDP in the next 20 years (target years 2025, 2030 and 2040).
SCOPE OF WORK
Activity 1 - Data collection & simulation model of HSE generation portfolio 
The first Study activity will include data collection process of HSE generation portfolio. The Consultant will prepare dedicated questionnaire to address technical data regarding analyzed PSP project and relevant information about the HSE generation fleet in terms of:
· Technical and economic parameters of existing and new generating units envisaged till 2030 and 2040 (including capacity, fuel type, fuel price, efficiency, short run marginal costs, fixed and variable operation and maintenance cost, must run obligations, capability to provide different type of ancillary services etc.; in addition for hydro units monthly generation patterns for different hydrological years (average, dry, wet), reservoir capacity for Storages)
· Technical data of PSP Kozjak
· Technical data of PSP Avče
· Technical data of small PSP (e.g. Trbovlje)

The first activity will be implemented in close cooperation with the Client and certain issues (critical assessment of input data, data requested by questionnaire, technical solutions or proposals etc.) will be discussed at kick-off meeting.
Based on collected data, Consultant will develop the model of current HSE generation portfolio by using one of the state of the art dedicated electricity market modelling and simulation software tools. The performed modeling and dispatch simulation will be compared to HSE dispatching practice, in order to validate the modeling approach and assumptions.
The model should be transparent and replicable in such a way that Client can recreate the results based on the inputs used by the Consultant. Therefore, it is expected that the input data that was not provided by HSE is shared by the Consultant. HSE should be able to simulate the operation and economics of a PSP units using the data for developing simulation model and their own inputs (price forward curves (PFC) and unit configuration), in the case HSE obtains the licence for state of the art software tool utilized for initial model development.

Activity 2 - PSP Projects Overview 
The main scope of this activity is to prepare an overview of
1. PSP that are currently operating and projects that will be commissioned (planned, confirmed to be built and under construction) for the operation in current decade in the region. Special attention should be paid to water reservoir capacity, installed pumping and generating power and technology used (fixed speed, varspeed, one turbine for pumping or generating or one turbine for each regime, closed water systems, availability of the unit, investment costs, maintenance costs, maintenance interval, etc.)
2. Operation of PSP where operational data is available (e.g. on ENTSO-E transparency platform). For the PSP where data are available the analysis of operation should be done. The expected output is to check if there are any operational patterns or correlation between power market prices, power flows and operation of PSP.
This activity is expected to give an overview which configuration of PSP is expected to be used in the power system.

Activity 3 - Study scenarios for assessment of PSP options for HSE portfolio development
During the Inception phase, the Client will define total number of calculations within each scenario (analysed years and balancing cases will be finally defined/agreed), which will be analysed by the Consultant. Each option will correlate development of:
· European power system, 
· Slovenian power system
· HSE generation portfolio.
The exemplary definition with proposed number of calculations is provided in table 1 below:
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Table 1: Overview of scenario calculations
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Table 2: Generation development scenarios


For each scenario, the economic performance should be measured with the amount of yearly revenue from the power plants (market value of power schedules, both from power market and ancillary services provision). 

Activity 4 - Wholesale market analysis 
Based on the input data taken from relevant sources on planned generation development, grid development, demand forecasts in Europe, evolution of fuel and carbon prices, the Consultant will develop an energy-market simulation model of Europe. The goal is to conduct an hourly market simulation and produce the hourly price forward curves (PFC) for the target year of 2025 and a view up to 2040 (i.e. target years 2025, 2030 and 2040). For this purpose, the Consultant needs to deploy one of the state of the art dedicated electricity market modelling and simulation software tools.
The conducted market analysis needs to take into account following uncertainties and produce relevant PFC accordingly:
· Different load patterns
· Different RES patterns
· Different availability of generation units
· Different hydrological conditions (average, dry, wet)
The PFC will provide baseline conditions for the assessment of benefits generated by new PSP, small or large one, operation under HSE generation portfolio. In this step, the detail modelling and dispatch optimisation of HSE generation portfolio with and without new PSP will be performed in order to quantify the potential wholesale market benefits created by commissioning analysed pumped storage plant. 

Activity 5 - Ancillary service provision analysis 
Within this activity, the Consultant needs to analyse the opportunities for additional utilisation of a new PSP unit in the context of ancillary services and balancing energy provision.
Potential for new PSP to provide following ancillary services will be examined:
· Provision of balancing capacity (reserve)
· Provision of balancing energy
· Provision of reactive power and voltage support
· Black start provision
The Consultant will analyse the following balancing cases (according to table above):
· Conservative case[footnoteRef:1] – similar to nowadays, the conservative scenario assumes that HSE will participate only on Slovenian ancillary services and balancing market. The analysis shall determine benefits generated for HSE by having a new PSP in its portfolio. [1:  According to NEPN (NECP Slovenian National Energy and Climate Plan) production of Solar plant in 2030 will be 1.1 TWh and in 2040 2.8 TWh, Wind production 170 GWh in 2030 and 350 GWh in 2040. ] 

· Realistic case – following the Electricity Balancing Guidelines (EBGL) and efforts among ENTSO-E TSOs on establishment of balancing cooperation, the realistic scenario will assume that ELES[footnoteRef:2] shall participate in cross border balancing energy exchange cooperation. In such situation, a new PSP can be deployed to provide balancing energy to other neighbouring systems. The analysis will determine potential revenues from ancillary services provision by PSP Kozjak. [2:  The European rules envisage that balancing exchange cooperation shall be establish on the TSO-TSO model without allowing the TSO-BSP model. This means that unlike to the wholesale market in which producer can be directly active in the markets countries/zones, the only way to provide balancing energy outside its own Load Frequency Control Area, is through established TSO-TSO balancing cooperation.] 

· Optimistic case – assumes that in addition to the potential of cross border balancing energy provision defined in realistic scenario, ELES participates in balancing reserve exchange process as well, through which HSE could offer part of a new PSP capacity to be contracted for TSOs of neighbouring systems. The analysis will determine potential revenues from ancillary services provision by PSP Kozjak in such conditions.
The numerical analysis related to benefits of balancing energy activations will be carried out using the inputs such as historic imbalances and/or balancing energy activation and prices in Slovenia and neighbouring countries. In this sub task, it is important to recognize the correlation with the new PSP commercial market schedules obtained in the Activity 3, in order to properly consider the level of balancing services to be offered on the balancing market. 
The Consultant shall take special attention to the operation and capabilities of the existing PSP Avče in HSE portfolio in order to avoid the potential overestimate of benefits, with potential benefits of new PSP measured as added value to the HSE portfolio as whole. The cumulative benefits of PSP Kozjak and PSP Avče should be investigated too. 
The consultant should also consider the potential benefits of building additional PSP units if this will be in the interest of market and economic benefits.

Activity 6 - Recommendations 
The final Study activity shall summarize the finding of previous activities and provide results and recommendations related to HSE development of PSP projects and economic benefits from the wholesale market operation and ancillary services provision. 
DELIVERABLES 
The Draft Final Report shall be submitted within ten months from the commencement of the project, assuming the delivery of the filled data questionnaire within the 1st month of the project.
In addition to Draft Final Report, several meetings or web conferences will be organized in order for the Consultant to collect the data, present the analyses results and findings after each step:
· Phase 1 – Data collection and definition of scenarios 
· Kick off meeting (within one month after the project start): with the main objectives to discuss the Consultant methodological approach and needed inputs to be provided by the Client (Activity 1), as well as to agree on a final definition of power generation scenario to be examined (Activity 3).
· Consultant will prepare power point presentation and input data Questionnaires
· Phase 2 – Validation of developed model for optimization of HSE portfolio
· Interim meeting 1 - (after four months of the project start): with the main objective for the Consultant to present developed simulation model of HSE portfolio, receive the feedback and calibrate/validate the model (Activity 1).
· Consultant will prepare power point presentation and excel files with results of simulation model of HSE portfolio
· Phase 3 – Long term wholesale market and ancillary services provision analysis
· Interim meeting 2 - (after six months of the project start): with the main objective to discuss the Consultant wok progress and the draft finding related to wholesale market analysis (Activity 4) and ancillary services provision analysis (Activity 5).
· Consultant will prepare power point presentation related to long term wholesale price forecast for Slovenia and neighbouring countries, as well as forecasted conditions for ancillary services provision. The outputs of this analysis will represent the inputs for assessment of HSE portfolio economic performance under different development scenarios.
· Phase 5 - Assessment of PSP options for HSE portfolio development
· Interim meeting 3 - (after ten months of the project start): with the main objective to present results of assessment of PSP options for HSE portfolio development under different scenarios of European, Slovenian and HSE development (HSE portfolio economic performance under different development scenarios in terms amount of yearly profit from the power plants - market value of power schedules, both from power market and ancillary services provision). This meeting will also include the presentation of overall Draft Final Report and all performed activities.
· Draft Final Report (Word file) and paper form.
· Results in Excel files
· Power point presentation summarizing key findings of the Study.
Within one month following the delivery of the Draft Report, the Consultant will receive comments and update the report as a final version.
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Task 1

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 Scenario 8 Scenario 9 Scenario 10

HSE portfolio development:

Generation development 

without new PSPs

Generation development with 

PSP Kozjak 

(Scenario 1 + PSP Kozjak)

Generation development with 

small PSP

(Scenario 1 + small PSP)

Generation development without 

new PSPs

Generation development with 

PSP Kozjak 

(Scenario 4 + PSP Kozjak)

Generation development with 

small PSP

(Scenario 4 + small PSP)

Generation development 

without new PSPs

Generation development with 

PSP Kozjak 

(Scenario 7 + PSP Kozjak)

Generation development with 

small PSP

(Scenario 7 + small PSP)

Generation development 

without new PSPs and with PSP 

Avce  reservoir increased

European power system development: National Trends National Trends National Trends Global Ambition Global Ambition Global Ambition Distributed Energy Distributed Energy Distributed Energy National Trends

Slovenian power system (outside HSE) National Trends National Trends National Trends Global Ambition Global Ambition Global Ambition Distributed Energy Distributed Energy Distributed Energy National Trends

2025

2030 2030 2030 2030 2030 2030 2030 2030 2030 2030

2040 2040 2040 2040 2040 2040 2040 2040 2040 2040

Conservative Conservative Conservative

Conservative Conservative Conservative Conservative Conservative Conservative

Realstic Realstic Realstic

Realstic Realstic Realstic Realstic Realstic Realstic Realstic

Optimistic Optimistic Optimistic Optimistic Optimistic Optimistic Optimistic

Scenario Aim:

To measure the absolute 

market effects of HSE 

generation development 

without new PSPs

- To measure the absolute 

market effects of HSE 

generation development with 

PSP Kozjak

- To measure the benefits of 

PSP Kozjak commissioning 

(Scenario 2 Vs Scenario 1)

- To measure the absolute market 

effects of HSE generation 

development with small PSP

- To measure the benefits of  

small PSP commissioning only 

(Scenario 3 Vs Scenario 1)

 - To measure the absolute market 

effects of HSE generation 

development without new PSPs 

under Global Action EU scenario

- To quantify the impact of GA 

development (Scenario 4 Vs 

Scenario 1)

- To measure the absolute 

market effects of HSE 

generation development with 

PSP Kozjak under GA EU sc. 

- To measure the benefits of PSP 

Kozjak commissioning under 

Global Action EU scenario

(Scenario 5 Vs Scenario 4 and 2)

- To measure the absolute 

market effects of HSE 

generation development with 

one additiona small PSP under 

GA EU sc. 

- To measure the benefits of 

one small PSP commissioning 

under Global Action EU scenario

(Scenario 6 Vs Scenario 4 and 3)

 - To measure the absolute 

market effects of HSE 

generation development 

without new PSPs under DE EU 

scenario

- To quantify the impact of DE 

development (Scenario 7 Vs 

Scenario 1 and 4)

- To measure the absolute 

market effects of HSE 

generation development with 

PSP Kozjak under DE EU sc. 

- To measure the benefits of PSP 

Kozjak commissioning under DE 

EU scenario

(Scenario 8 Vs Scenario 7 and Vs 

2)

- To measure the absolute 

market effects of HSE 

generation development with 

one additiona small PSP under 

DE EU sc. 

- To measure the benefits of 

one small PSP commissioning 

under DE EU scenario

(Scenario 9 Vs Scenario 7 and Vs 

3)

- To measure the absolute 

market effects of HSE 

generation development with 

PSP Avce reservoir increase

- To measure the benefits of PSP 

Avce reservoir increase 

(Scenario 10 Vs Scenario 1)

Task 2

Analysed years

Analysed balancing cases

Development of simulation model of HSE generation portfolio  and its verification using 2019 wholesale hourly price curves

Generation development scenarios
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Scenario/Configuration AS-IS AS-IS + PSP Kozjak AS-IS + small PSP AS-IS + večje ČHE Avče

National Trends Conservative o o x

National Trends Realistic x x x x

National Trends optimistic x x x

Global Ambition Conservative x x x

Global Ambition Realistic x x x

Global Ambition optimistic x x

Distribuited Energy Conservative x x x

Distribuited Energy Realistic x x x

Distribuited Energy optimistic x x


