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Executive Summary
 Ukraine Has a Modern, Interconnected, and Synchronized 

Electric Grid with a System Frequency of  50 Hz
– High Voltage Transmission Lines with Transformer Substations

– Transmission System Operator & Regional Distribution Providers

– Regulated Wholesale Electricity Market

– Like All Relay-Protected Grids, Susceptible to Cascading Collapse

– Synchronized on March 16 with ENTSO-E (Western Europe Grid)

 Ukrainian Grid Has Wide Diversity of Energy Sources
– Nuclear, Coal, Natural Gas, Hydroelectric, and Renewables

 Continued Electric Reliability During Invasion

 Few Attacks on Generation Plants and Substations
– Interruption of Cross-Border Natural Gas Pipelines a Disincentive

 If War Persists, Nuclear Safety & Fossil Fuel Supply Issues
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Transmission, Control, and Synchronization
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High Voltage Transmission Lines in Ukraine

4Source: energydata.info
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Ukrenergo Transmission Control Room

5Source: Flickriver.com
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Ukrenergo Video Dated March 2, 2022

6Source: YouTube
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Frequency Map of European Electric Grids

7Source: FNET by the University of Tennessee
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Ukraine Grid Synchronized with ENTSO-E on March 16

8Source: Stiftung Wissenshaft und Politik
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Generation Plants and Energy Sources
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10Source: IEA, Global Energy Monitor, GlobalData, U.S. EIA, Resilient Societies Estimates
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11Source: IEA, Global Energy Monitor, GlobalData, U.S. EIA, Resilient Societies Estimates
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Ukraine Fossil Fuel Sources
 Coal

– 45% of coal supply is imported

– Of imported coal, 70% is from Russia

– Russia stopped coal deliveries in November 2021

– Deliveries from South Africa & U.S. in December-January

– On February 28, DTEK estimated 15-20 days of coal reserves

 Natural Gas
– 30% of natural gas is imported, mainly from “Western Europe”

– Massive natural gas storage facilities of 31 billion cubic meters 

 Refined Petroleum
– 70% supplied from Belarus and Russian refineries

– Kremenchug, west of Karkiv, is sole operating Ukrainian refinery

– Petroleum storage capacity is a Ukraine state secret

12Source: Eurasia Review, Natural Gas Intel, Energy Live News, Euromaiden Press
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Ukraine’s Coal-Fired Generation Plants

13Source: Euromaidan Press
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December 24 “Energy War” Article in Euromaiden Press
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Ukraine’s Nuclear Power Plants

15Source: Business Insider, IAEA
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Ukraine’s Nuclear Power Plants

 15 Nuclear Reactors at 4 Plant Locations—13.1 GW
– 6 Reactors Operating on March 16; Approximately 5 GW

 Soviet-Designed Water-Water Energetic Reactors (VVER)
 Steel and Concrete Containment for Reactors
 Zirconium-Clad Rods Used for Reactors Fuel

– Fuel Currently Supplied by Russia, Two Year Inventory
– Pending Transition to Westinghouse Fuel

 Plants Have Spent Fuel Pools Not in Containment
 Spent Fuel Pools Require Electric Power for Cooling
 When Water Boils Off from Spent Fuel Pools, Zirconium 

Fires and Radioactive Plumes Can Result
 Without Water for Radiation Shielding, Spent Fuel Pools 

Are Highly Radioactive and Cannot Be Approached

16



Ukraine’s Electric Grid During

The Russian Invasion

Foundation for 

Resilient Societies

Ukraine’s Natural Gas/Fuel Oil Generation Plants

17Source: Global Energy Monitor, Google Maps, Resilient Societies Analysis



Ukraine’s Electric Grid During

The Russian Invasion

Foundation for 

Resilient Societies

18Source: Naftogas Group
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Ukraine’s Hydropower Plants

19Source: Global Energy Monitor, Google Maps, Resilient Societies Analysis 
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Energy-Resilient Generation Capacity in Ukraine—March 17

20Source: Global Energy Monitor, IEA, Wikipedia, NY Times, Resilient Societies Analysis
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Energy-Resilient Generation Capacity in Regions Controlled 
By Government of Ukraine—March 17

21Source: IEA, Global Energy Monitor, Wikipedia, DiXi Group, Resilient Societies Analysis

Rank Plant Name Energy Source Capacity (GW) 

1 South Ukraine Nuclear 2,850 

2 Rivne Nuclear 2,657 

3 Burshtyn power station Coal 1,986 

4 Khmelnitski Nuclear 1,900 

5 Dnieper HPP Hydro 1,579 

6 Trypilska power station Coal 1,225 

7 Ladyzhyn power station Coal 1,200 

8 Kyiv CHP-5 power station Natural Gas/Fuel Oil 800 

9 Dniester HPP Hydro 702 

10 Kremenchug HPP Hydro 700 

11 Trypilska power station Natural Gas/Fuel Oil 600 

12 Dobrotvir power station Coal 510 

13 Kaniv HPP Hydro 500 

14 Kyiv CHP-6 power station Natural Gas/Fuel Oil 500 

15 Kyiv HPP Hydro 440 

16 Middle Dnieper HPP Hydro 388 

17 Kalush power station Coal 200 

18 Cherkasy power station Coal 180 

19 Darnytska power station Coal 160 

Total Capacity 19,077 

Evening Peak Load on March 6, 2022 13,700 
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Grid Disruptions During the Russian Invasion
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Russian Advances Blackout Sumy & Mariupol on March 3
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Attack on Zaporizhzhia Nuclear Power Plant on March 3  

24Source: BusinessToday.in



Ukraine’s Electric Grid During

The Russian Invasion

Foundation for 

Resilient Societies

Interdependence of GazProm and UkrTransGas Pipelines
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Indicators of Ukrainian 
Infrastructure Status
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Ukraine Electric Grid Outages on March 17
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IODA Monitoring of Ukrainian Internet Traffic

29Source: https://ioda.inetintel.cc.gatech.edu/country/UA

https://ioda.inetintel.cc.gatech.edu/country/UA
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FlightRadar24 Ground Stations on March 17

30Source: https://www.flightradar24.com

https://www.flightradar24.com/
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Summary Observations

 Russia’s Attack on Ukraine Unprecedented in Modern Era
– Besieged Country with Wide-Area, Synchronized Electric Grid

– Nuclear Power Sector Supplied Over 50% of Electricity

– Telecommunications Interdependent with Electric Grid

– Cross-Border Natural Gas Pipelines Also Interdependent

 Not Yet The Society-Wide “Total War” of World War II
– Few Attacks on Electric Grid and Continued Reliable Operation

 Russian Incentives To Preserve Grid Infrastructure
– Continued Transmission of Russian Gas to European Customers

– Prevention of Cascading Grid Collapse and Risky Blackstart

– Avoided Long Lead-time Replacement of Critical Grid Components

– Averted Humanitarian Disaster in Country of 44 Million
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