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Presentation Overview

What are Small Modular Reactors (SMRs) ? / Pros & Cons 

Long-term Simulation Study of the Wholesale Electricity Market 
& Greek Power System Operation / Assumptions & Results

Economic Valuation of SMR projects
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Small Modular Reactors / Pros and Cons

Pros Cons

Regulatory challenges

Waste management

Proliferation risks / Potential misuse for 
weapons development

High Capital Cost

Small physical footprint, Prefabricated 
manufactured and then shipped and 

installed on site

Enhanced passive safety systems (lower 
operating pressure, no human 

intervention)

Reduced fuel requirements (3-7 years) Vs 
Large nuclear plants (1-2 years)

Very low and stable variable cost

Small Modular Reactor (SMR): Advanced nuclear reactor 
with a smaller physical size and energy output capability 
than a typical, larger reactor at a nuclear energy plant.
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation

Day-Ahead Market 
for Trading Day D 

Integrated Scheduling Process
for Dispatch Day D 

Real-Time Balancing Energy 
Market for Dispatch Day D 

❖ MIQCP model

❖ 1-hour time step

❖ Input Data

• Hourly System Load & RES 

Generation Data

• Generating Units’ Orders 

(hybrid, block, exclusive)

• Hourly Imports / Exports 

Orders

• Unit Availabilities

• Hourly hydro mandatory 

injections

• Hourly pumping quantities

❖ Output Data

• DAM schedules

• DAM clearing prices

• Energy Balances

Hydrothermal Scheduling

❖ MILP model

❖ 1-hour time step

❖ Output Data

• Hourly hydro mandatory 

injections

• Hourly pumping quantities

❖ MILP model

❖ 30-min time step

❖ Input Data

• DAM schedules

• System imbalances

• Reserve requirements (FCR, 

aFRR, mFRR)

• Upward/downward 

balancing energy offers

• Balancing capacity offers 

(FCR, aFRR, mFRR)

• Technical Data of all BSEs

• Initial positions of BSEs for 

Dispatch Day D

❖ Output Data

• BSEs commitment schedules 

• Accepted upward/downward 

reserve quantities (FCR, 

aFRR, mFRR)

• Accepted upward/downward 

BE quantities

• Reserve remuneration prices 

• Indicative BSEs scheduling

• Indicative BE prices

❖ LP model

❖ 15-min time step

❖ Input Data

• DAM schedules

• BSEs Commitment Schedules

• Accepted upward/downward 

reserve quantities (FCR, 

aFRR, mFRR)

• Upward/downward 

balancing energy offers

• System imbalances

• Technical Data of all BSEs

❖ Output Data

• Upward/downward BE prices 

• Final Dispatch Instructions of 

BSEs 

• Initial positions of BSEs for 

the next Dispatch Day (D+1)

• Accepted upward/downward 

BE quantities 

• Generating units’ production 

costs 

• Revenues/expenses/profits 

of BSEs from providing BE 

• Imbalance Settlement prices

LTSx Software

Sequential execution for each day of the simulation horizon

✓ Duration: 20 years (2032-2051)

✓ LTSx Software

✓ Main assumptions: 

❖ Updated NECP 

❖ TYNDP ADMIE 2025-2034 

❖ Commodities (gas, ETS) based 
on future prices 

❖ Public information

❖ Own experience

No SMR 

(BaU)

Low SMR 

(≈ 650 MW)

Medium SMR

(≈ 1500 MW) 

High SMR 

(≈ 3000 MW)Four (4) SMR 
penetration scenarios
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Main Assumptions

✓ System Load Demand

❖ TYNDP ADMIE 2025-2034, Extrapolation to 2051

❖ Annual Electricity Consumption (TWh) and Peak 
Load (MW)

❖ Hourly timeseries based on historical data

❖ Creation of System Imbalances for realistic 
simulation of ISP and RTBEM
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✓ RES generation

❖ RES Shares based on revised NECP

❖ Hourly timeseries per RES technology (Wind 
Onshore/Offshore, PV, Biomass, Small Hydro, 
Others) based on historical generation profiles
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Main Assumptions

✓ BESS Capacity

❖ Based on revised NECP forecasts

❖ 2-h and 4-h BESS

❖ Simulation of actual operation in all market 
segments (DAM, ISP, RTBEM)

4325
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BESS Installed Capacity (MW)

New Cross-Border Interconnection Lines

No From To
NTC 

[MW]
CoD

1 Greece Cyprus 1000 Jan. 2030

2 Greece Turkey 600 Jan. 2032

3 Greece Albania 200 Jan. 2032

4 Greece Italy 1000 Jan. 2032

5 Greece North Macedonia 500 Jan. 2040

✓ Cross-Border Interconnections

❖ Based on ADMIE TYNDP 2025-2034

❖ +3,3 GW of new interconnection capacity until 2040
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Main Assumptions
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Lignite Units Gas Units Hydro Units

✓ New Thermal

• TERNA-MORE: 858 MW (1/2025)

• CCGT Alexandroupolis (PPC-DEPA): 820 MW (7/2026)

✓ New Hydro

• Metsovitiko, Mesochora, Avlaki: 270 MW (up to 2028)

✓ New Pumped Storage: 

• Amfilochia: 730 ΜW (2029) 

• Kardia Mine: 148 MW (2032)

• New PSP Capacity: + 1100 MW (2035-2038)

• Lignite Units: All until 12/2028

• Lavrio 4, Komotini, Elpedison Thess: 12/2034

• Lavrio 5: 12/2038

• Elpedison Thisvi, HERON_CC, Protergia_CC, 

Korinthos Power, Aliveri 5 : 12/2045 - 12/2048

✓ Conventional Capacity

New Additions Withdrawals
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Main Assumptions

SMR

Very Low 

Variable Cost 

(15-30 €/MWh)

High Flexibility 

(RR > 15-46 
MW/min)

Almost zero 
CO2 emissions 
(0.02 T/MWh)

High capacity 
factors

SMR Type

Scen. 1 Scen. 2 Scen. 3 Scen. 4

No SMR 
(BaU)

Low 
SMR

(648 MW)

Medium 
SMR 

(1564 MW)

High 
SMR 

(3088 MW)

NUWARD (340 MW) x ✓ (1) ✓ (1) ✓ (1)

VOYGR (4-12 x 77 MW) x ✓ (1: 4x77) ✓ (1: 12x77) ✓ (2: 12x77)

BWRX-300 (300 MW) x x ✓ (1) ✓ (2)

ARC-100 (100 MW) x x x ✓ (3)
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Results
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✓ Energy Generation Mix

❖ SMRs present rather stable annual generation

❖ Baseload as well as flexible operation

❖ High capacity factors: 69 - 75%

❖ SMRs mainly substitute gas-fired generation 
and net-imports (turn to massive net-exports 
in High SMR scenario)
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Results

✓ Effect on NG Consumption &         
CO2 Emissions

❖ Annual NG consumption decreases 

from - 0,5 bcm/y (- 21%, Low SMR) 

to - 1,6 bcm/y (- 62%, High SMR)

❖ Annual CO2 Emissions decrease  from 

- 1 MTn CO2/y (- 20%, Low SMR) to    

- 2,6 MTn CO2/y (- 52%, High SMR)

-21%

-46%

-62%

-20%

-41%

-52%
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Results

✓ Effect on NG Cost & CO2

Emissions Cost

❖ Annual NG Cost decreases on 

annul basis from                               

- 222 M€/y (- 21%, Low SMR) to 

- 657 M€/y (- 62%, High SMR)

❖ Αnnual NG + CO2 Cost Savings 

(as compared to BaU scenario) 

on annul basis from 

- 356 M€/y (Low SMR) to 

- 1000 M€/y (High SMR)

➢ NG Cost Savings Share: ≈ 65%

➢ CO2 Cost Savings Share: ≈ 35%
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Long-term Simulation Study of the Wholesale Electricity Market & 
Greek Power System Operation – Results

✓ Effect on DAM Prices & Total 
Retailers’ Cost

❖ Annual DAM Clearing Prices decrease 

from - 3,5 €/MWh (- 3,3%, Low SMR) 

to - 26 €/MWh (- 25%, High SMR)

❖ Annual Total Retailers’ Cost Savings   

(as compared to BaU Scenario) on 

annul basis from    

- 200 M€/y (- 2,5%, Low SMR) to          

- 1700 M€/y (- 21%, High SMR) 

✓ (Average) Annual Retailers’ Cost Savings 

per 100 ΜW of SMRs: ≈ 31 - 54 Μ€/y
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Economic Valuation of SMR Projects

* NREL 2024, Annual Technology Baseline (ATB) Data for Nuclear: 
https://atb.nrel.gov/electricity/2024/nuclear

❖ SMR NUWARD 340 MW

➢ Participation in all market segments           
(DAM, Reserves, RTBEM)

➢ No “out-of-the-market” support mechanism 
(e.g. CRM)

➢ CAPEX: Highly uncertain at present →
Sensitivity analysis (3 scenarios)

➢ Positive valuation for Low/Medium CAPEX, 
Marginal for High CAPEX

➢ Very high CAPEX → Bankable project ?

Cost Parameter Value *

CAPEX [Billion €] 1,9 – 3,9

CAPEX [€/kW] 5.500 - 11.600

Variable O&M [€/MWh] 2.4

Fixed O&M [€/MW-y] 126.000

12,7%
12,0%

9,4%

7,5% 7,1%

5,2%5,0% 4,7%
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10,0%

12,0%

14,0%
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Project IRR [%]

CAPEX = 5500 €/kW CAPEX = 8600 €/kW CAPEX = 11600 €/kW

https://atb.nrel.gov/electricity/2024/nuclear
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Conclusions

➢ SMRs offer savings in cost and construction time and enhanced safety as compared 

to traditional large, nuclear plants

➢ Promising solution for obtaining net-zero CO2 energy system along with massive 

RES penetration

➢ Reduction of NG dependence and costs -> positive effects on energy independence

➢ Notable downward effect on wholesale electricity market prices and associated 

costs → Direct economic benefit for end-consumers

➢ Positive economic valuation of SMR projects → Volatile due to uncertain CAPEX

➢ Very high CAPEX → Questionable bankability
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Thank you for 
your attention !

Holtec’s Dual-Unit SMR-300 Small Modular Nuclear Plant in Perspective View, Michigan USA 
(Target commissioning date: Mid-2030)
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