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• Concept often misused/abused by authorities, market actors, consumers; …

• SoES has several ‘dimensions’
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Setting the Scene

Historic ‘anecdotal’ examples
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Security of Energy Supply – Petroleum

1973 – Middle East – Yom Kippur War – Oil Crisis – Embargo Western Countries



Security of Energy Supply – Petroleum
1973 – Oil Crisis

Car-free Sundays…



Security of Energy Supply – Domestic Coal

Having coal mines is no guarantee for SoES!



Security of Energy Supply – Domestic Oil

https://slate.com/news-and-politics/2007/11/why-is-an-oil-rich-nation-like-iran-importing-so-much-gasoline.html

Having domestic crude oil is no guarantee for

useful petroleum products; questionable SoES!

https://slate.com/news-and-politics/2007/11/why-is-an-oil-rich-nation-like-iran-importing-so-much-gasoline.html


Ukraine

01.01.06

Security of Energy Supply – Natural Gas
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Book published in 2008 …

Security of Energy Supply – Natural Gas

Russia’s new 

weapon
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Security of Energy Supply – Natural Gas

January 01 2009



Russia – Ukraine 

conflict Jan 2009
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Belgium 

unaffected

Russia – Ukraine 

conflict Jan 2009
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Russia – Ukraine conflict Jan 2009

• A commercial dispute

• “more market-oriented prices” for former CIS member only

• “fair transit prices” Russian gas through Ukrainian pipelines

• But clearly also geo-political elements

Security of Energy Supply – Natural Gas



Geopolitics – 2021-2022

Russia-Ukraine-NATO tensions
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So-called ‘Joint military exercises…’

Feb 24 2022: Full-fledged invasion of Ukraine by RF

Security of Energy Supply – Natural Gas
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Russia

Security of Energy Supply – Natural Gas

Avoid 

unidirectional 

or 

unilateral

dependence,

whether from Russia  

or any other supplier !
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Such 

multi-polar NG delivery 

is 

much better!
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UK

D

NL

FR

LUX

OVERSEAS

Zeebrugge 3800 km Pipelines

Low Calorific

gas

Compressor

stations

Storage

Blending

stations

LNG Terminal

High Calorific

gas

~ 18 entrance points!

A nice example of 

diversified supply

possibilities…

23

Security of Energy Supply – Natural Gas

BELGIAN GAS GRID: 

TRANSIT + TRANSPORT
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Security of Energy Supply – Natural Gas

Germany’s ‘tunnel’ vision…

Avoid reliance on this… And go for direct connection to Russia



Nord Stream 1 opening November 08, 2011
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https://en.wikipedia.org/wiki/Nord_Stream#/media/File:Nord_Stream_ceremony.jpeg

https://www.rferl.org/a/russia_germany_nord_stream_pipeline/24384263.html

Gerhard Schroeder,
Francois Fillon, 
Johannes Teyssen, 
Angela Merkel, 
Mark Rutte, 
Dmitry Medvedev, 
Alexey Miller, 
Guenther Oettinger, 
Kurt Bock, 
Erwin Sellering. 

https://www.gazprom.com/f/posts/77/872260/40.jpg

Security of Energy Supply – Natural Gas

https://en.wikipedia.org/wiki/Nord_Stream#/media/File:Nord_Stream_ceremony.jpeg
https://www.rferl.org/a/russia_germany_nord_stream_pipeline/24384263.html
https://www.gazprom.com/f/posts/77/872260/40.jpg
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And DE wanted more…

Hence Nordstream 2…



DE needed a war 

to realize that

unilateral dependence

is not ‘wise’…

Nordstream 2    

halted indefinitely

after Feb 24, 2022
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NG storage in Europe 

Security of Energy Supply – Natural Gas



Security of Energy Supply – Electricity

North-East 

USA & Canada
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Security of Energy Supply – Electricity

North-East 

USA & Canada

August 14 2003
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Security of Energy Supply – Electricity

NY by night…
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Security of Energy Supply – Electricity

Sept 28 2003

Europe did not want to stay behind…
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Security of Energy Supply – Electricity

Rome by night…
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SoS - Availability of Existing Infrastructure (BE)

NPPs are fine for

SoES if they are 

available to run!
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• Now, ~ half of the 56 FR NPPs are halted

• Many plants in annual maintenance & fuel

reloading

• But ~12 NPPs down for safety issues: stress 

corrosion cracking

• Output in 2022 lowest in more than 30 y

• FR must import ‘heavily’ in winter 22-23

• “Grid operator RTE may need to limit power 

supply to large industrial users”

• “A nightmare scenario would be a dry 

summer… and a cold spell across EUR.”

➢Availability problems when generic safety

concerns in standardized reactor designs… 2016  2017              2020        2022              

May 27 08:CEST

SoS - Availability of Existing Infrastructure (FR)



Structured Analysis

• Strategic Security of Supply

• Adequacy

• Sudden Cuts / Black Outs
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Structured Analysis

• Strategic Security of Supply

• Adequacy

• Sudden Cuts / Black Outs
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SoS – Structured definition

(1) Strategic Security of Supply

= Continued provision of primary fuels/sources 

to satisfy the request of the end consumer, 

given that all means exist to get the energy flux from producer to consumer 

This level concentrates on the 

‘producer’ side



SoS – Structured definition

(1) Strategic Security of Supply

1. Physical availability of primary energy sources

➢ enough endowment with natural resources (‘stocks’)

* coal, oil, natural gas

* uranium

for oil, partly the issue of “peak oil”

➢ enough endowment with natural renewable flows/streams

* elevation & water flow (for hydro power)

* biomass (fertile land area, forests)

* meteorological conditions (wind, sunshine)

* geothermal conditions



SoS – Structured definition

(1) Strategic Security of Supply

1. Physical availability of primary energy sources

../..

2. Sufficient investments in production capacity at production sites
➢ investments in oil & gas production capacity – also peak oil

➢ investment in coal & uranium mines

➢ investment in hydro dams, lakes, … 

➢ Investment harvesting capacity (wind turbines, solar PV, solar heliostats & receivers 

for CSP, geothermal plants)



SoS – Structured definition

(1) Strategic Security of Supply

1. Physical availability of primary energy sources

../..

2. Sufficient investments in production capacity at production sites

../..

3. Geopolitics

unpredictable… but non negligible (… even today…)

Recall… Russia’s

new weapon



Structured Analysis

• Strategic Security of Supply

• Adequacy

• Sudden Cuts / Black Outs
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SoS – Structured definition

(2) Adequacy – investments

= Sufficient and timely investments

at the  consumer side (consumer countries) and or transit countries 

Related to planning of infrastructure at the consumer & transit side



SoS – Structured definition

(2) Adequacy – investments

A – Electric power plants, HV grid, high-p NG pipelines, LV and low-p 
distribution grid, oil refineries, U-enrichment plants

installations need to be able to cope with baseload, peak load & variable load 
(transient flexibility, variability, unpredictability)



SoS – Structured definition

(2) Adequacy – investments

A – Electric power plants, HV grid, high-p NG pipelines, LV and low-p 
distribution grid, oil refineries, U-enrichment plants

../..

B – Transit pipelines (NG), LNG ships, cross-border HV lines, oil-tanker fleet,…

assure more than one single route/means



SoS – Structured definition

(2) Adequacy – investments

A – Electric power plants, HV grid, high-p NG pipelines, LV and low-p 
distribution grid, oil refineries, U-enrichment plants

../..

B – Transit pipelines (NG), LNG ships, cross-border HV lines, oil-tanker fleet,…

../..

C – Sufficient local energy storage capacity

Oil reserves (e.g., 90 days OECD), Natural Gas reserves, 
electricity storage (hydro pump stations, batteries, long-term… hydrogen??)



SoS – Structured definition

(2) Adequacy – investments

Issues that may influence / hamper “adequacy”:

→Nature of liberalized markets (economic risk) -- investors demand a higher IRR

→Unstable regulatory situation

➢Conflict with environmental policy

➢Obtaining construction permits timely or at all…

➢Uncertain regulatory character market design; price caps; abolish promised subsidies…

➢Legal institutions (independent regulators, justice)



SoS – Structured definition

(2) Adequacy – investments

Issues that may influence / hamper “adequacy”:

→Circumstantial influencing elements

→Financial market expectations/tendencies (interest rates)

→Energy policy ‘expectations’ & ‘announcements’ (green papers, intentions)

→Political uncertainties (attitude of political authorities wrt private investment; 

ideological tensions in governments on investment choices to be made)

→Clogged supply lines of basic manufacturing ‘intermediate’ goods (semiconductor 

chips, construction metals/rare earth metals/minerals, …)



SoS – Structured definition

(2) Adequacy – investments

Issues that may influence / hamper “adequacy”:

→Availability of invested-in infrastructure to deliver? (!!)

→State of charge of energy stores (release of strategic oil stock for price manipulation;     
Gazprom political behavior for EU Natural Gas stores, batteries during extended cold spell,              
Pump Hydro Storage depends on past pumping & discharge sequence)

→Planned outages

→Correlated weather events (GFPP & low-T in TX)

→Environmental temperature (cooling capacity thermal plants)

→Generic flaws in facilities (NPPs in BE and FR, Siemens CCGTs in ‘90s,…)

→Capacity Credit of renewables (esp. wind & solar)

→Strategic & commercial behavior of market players

→Sufficient & flexible fuel contracts



SoS – Structured definition

(2) Adequacy – load management / demand response

= Organized ‘load management’ at the  consumer side helps to serve the adapted 

(en thus requested) demand

Demand-side management (in the broad sense) helps to satisfy requested demand



SoS – Structured definition

(2) Adequacy – load management / demand response

D – Organized load management / Demand response

Reducing demand in a structured way assists in serving the requested load via price signals

• shifting of demanded instantaneous power; varying tariff structure
▪ simplistic (day/night) tariff; but also real-time pricing

▪ steering EV charging when abundant solar…

• organized demand-participation auctions (industries, aggregators)

• investing in more energy efficient equipment (at end user side)

• expected change (positive or negative) of end-use mix in the future
o electric vehicles versus internal combustion engines (increases load)

o replacement gas boilers by heat pumps (increases load)

o replacing direct electric resistance heating by heat pumps (decreases load)



Structured Analysis

• Strategic Security of Supply

• Adequacy

• Sudden Cuts / Black Outs
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SoS – Structured definition

(3) Avoiding sudden cuts (black outs)

= make sure that the overall system performs as “expected” (for end customer) 

even in case of unexpected events

i.e., capacity to absorb transients, dynamics, mishaps

→ issue of reliability/security

→ redundancy (e.g., N-1 rule); i.e. sufficient investments

but beware of correlated events (N-n); see adequacy

→ related to maintenance, control strategies,…



‘Resilience’

Different definitions:

- literally: 
➢ to rebound, bounce back after ‘collapse’

- broader: 
➢ includes to minimize collapse frequency & impact

In principle, 

a distinction between reliability & resilience



‘Resilience’

FYI



‘Resilience’- Liebreich

Interesting read from major expert and opinion maker in UK: Michael Liebreich, 

Bloomberg NEF, ‘The Quest for Resilience – What Could Possibly Go Wrong?’, 
available at:

https://about.bnef.com/blog/liebreich-the-quest-for-resilience-what-could-possibly-go-wrong/

https://about.bnef.com/blog/liebreich-the-quest-for-resilience-what-could-possibly-go-wrong/


‘Resilience’- Liebreich

Liebreich recalls Security of Supply for electric power system

• He points to issues when 100% REES (cold spells/dark dolldrums,             

monsoon & rainy seasons, hurricanes, …)

• He calls attention to cyber security

• He warns for the unexpected (cfr. pandemic, war, solar storms, …)

• ../..



‘Resilience’- Liebreich

https://about.bnef.com/blog/liebreich-the-quest-for-resilience-what-could-possibly-go-wrong/

The four R’s of resilience: Resistance, Reliability, Redundancy, Recovery

WDH:

Adequacy & 

Avoid Cuts

WDH:

Avoid Cuts

WDH:

Avoid Cuts

WDH:

Resilience

https://about.bnef.com/blog/liebreich-the-quest-for-resilience-what-could-possibly-go-wrong/


• This should be a combination of

• physical security of supply

• physical provison via demand response (shift, reduction)

• to be provided at ‘affordable’ prices (…purchasing power…)

SoS – Structured definition
Security of energy provision – afterthought 



CREG, May 2019 CREG, Feb 2022

Different scales!

Different scales!

SoS – Structured definition
Security of energy provision – afterthought 

Evolution of wholesale electricity price Y+1 Evolution of wholesale electricity price Y+1 

Average invoice

electricity (all-in 

for one year) for

residential client 

(3500 kWh/a)

Average invoice

electricity (all-in 

for one year) for

residential client 

(3500 kWh/a)



CREG, May 2019 CREG, Feb 2022

SoS – Structured definition
Security of energy provision – afterthought 

Evolution of wholesale nat gas price Y+1 

Average invoice (all-

in for one year) NG 

for residential client 

(23600 kWh/a)

Evolution of wholesale nat gas price Y+1 

Average invoice (all-

in for one year) NG 

for residential client 

(23600 kWh/a)



• SoES has many different meanings / dimensions

• Specify precisely which aspect of SoES you refer to

• What is the meaning of physical SoES in relation to affordability?
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Conclusion – Final Takeaways
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