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“A smart quote about complex systems ;)” 
“I know that history is going to be dominated by an improbable event, I just don’t 

know what that event will be”

― Nassim Nicholas Taleb, 
The Black Swan: The Impact of the Highly Improbable

But before that…let’s rewind a little to understand where we were 
and where we are today!
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What makes the power sector unique?

Electricity “cannot” be 
economically be 

stored (yet – batteries 
are coming!)

Electricity flows follow 
laws of physics alone

Demand and 
generation must 

match continuously to 
avoid failure
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What is the conceptual structure of the power sector

Generation Transmission Distribution Retail

In the past all functions were carried out by a single vertically integrated company.
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Liberalisation –Current state of play

Source: International Energy Agency



• 1996 – First directive 96/92/EC

• 2003 – Second directive 2003/54/EC

• 2009 – Third directive 2009/72/EC

• 2019 – Clean energy package
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Brief history of European electricity markets liberalisation



• ‘Unbundle’ the competitive and monopoly functions

• Provide a ‘Level playing field’ for competitors 

• Regulate the residual natural monopolies
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What is liberalisation? - Principles

Based on L. J. De Vries (2011)



Competition increases efficiency
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Why Liberalise?

Static efficiency
• lower prices closer to 

cost

Dynamic Efficiency
• Generation mix 

optimization
• Innovation

Based on L. J. De Vries (2011)
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How to ‘unbundle’ the power sector

Generation Transmission Distribution Retail

Natural MonopoliesCompetition Competition
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Monopoly versus Competition

Source: Perez-Arriaga, Regulation of the power sector



Conceptual structure of the liberalised power sector
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Markets

DSO

Power producer
Retailers

Large consumers

Small consumers

TSO

Generation Transmission Distribution Load
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Based on L. J. De Vries (2011)



“‘transmission system operator' means a natural or legal person 
responsible for operating, ensuring the maintenance of and, if 
necessary, developing the transmission system in a given area 
and, where applicable, its interconnections with other systems, 

and for ensuring the long term ability of the system to meet 
reasonable demands for the transmission of electricity;”

- Article 2(4) 2009/72/EC
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Monopoly 1: Transmission System Operator

Generation Transmission Distribution Retail
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There can be one or more TSOs per EU-MS

Source: ENTSO-E



“‘distribution system operator' means a natural or legal person 
responsible for operating, ensuring the maintenance of and, if 
necessary, developing the distribution system in a given area 
and, where applicable, its interconnections with other systems 
and for ensuring the long term ability of the system to meet 

reasonable demands for the distribution of electricity;”
- Article 2(6) 2009/72/EC
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Monopoly 2: Distribution System Operator

Generation Transmission Distribution Retail



• ~ 100 or less
• ~ 500
• ~ 1400
• ~ 2400
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Kahoot 1: How many electricity distribution companies
exist in Europe? 

Instructions:
Step 1: Go to Kahoot.it on your smartphone or internet connected device
Step 2: Input the Pin 
Step 3: Input nickname
Step 4: Choose your option once the quiz starts
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Density of DSOs across EU -

Source: https://www3.eurelectric.org/powerdistributionineurope/

2400 electricity distribution companies in Europe

https://www3.eurelectric.org/powerdistributionineurope/


• Electricity is not only energy (MWh)
– Transmission, flexibility and (firm) capacity are scare resources and should be priced
– Markets might allow to put a price to these “invisible” components of electricity

• Electricity (energy, transmission, flexibility, capacity) may be exchanged in several 
markets until the time of delivery
– Electricity (energy, transmission, flexibility, capacity) is only physically delivered in real time
– Markets for its different components function as a sequence
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Competition 1: Wholesale markets
But there are several markets to trade!!

Generation Transmission Distribution Retail
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Markets in Europe today

Source: Meeus and Schittekatte (2018)



Bidding zones in Europe today

• “A bidding zone is the largest geographical area within which 
market participants are able to exchange energy without 
capacity allocation” (Ofgem, 2014).

• Europe is divided into different bidding zones

• Within a bidding zone, electricity wholesale prices are the 
same 

• In principle it is based on the structural congestion in the 
European grid. 

• However, currently several bidding zone configurations exist
• Majority follow national borders (France, Spain)
• Larger than national borders (Ireland)
• Multiple bidding zones in a country (Italy, Sweden)

• A review process to be undertaken by TSOs has been 
formalized in legislation as part of the CACM Guideline on 
the existing and possible alternative configurations
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Source: Meeus & Nouicer (2018)



• Yes
• No
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Kahoot 2: Do we need competition in electricity retail?

Instructions:
Step 1: Go to Kahoot.it on your smartphone or internet connected device
Step 2: Input the Pin 
Step 3: Input nickname
Step 4: Choose your option once the quiz starts



Market 2: Retail market
Grey Area: Do we need competition in power retail?

Why have it? Why not?

Market set prices No significant efficiency due to transaction costs

Consumer choice No product differentiation (Bertrand paradox)

Incentive for innovation Consumer switching is a barrier

Proactive to consumer preference Vulnerable customers are not protected
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Generation Transmission Distribution Retail
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Current state of play in EU and the US

Retail competition in 14/50 states, out of
which in 13 incumbent retailers are
obligated to supply customers that do not
choose another retailer.

Source: Meeus & Nouicer (2018)
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EU Energy Poverty Observatory
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Key Actors



“Member States shall designate one or 
more competent bodies with the function 
of regulatory authorities. These authorities 
shall be wholly independent from the 
interests of the electricity industry. They 
shall, through the application of this 
Article, at least be responsible for ensuring
non-discrimination, effective competition 
and the efficient functioning of the 
market”

- Article 23 (2003/54/EC)
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National Regulatory Authorities (NRAs)



ENTSO-E, the European Network of Transmission System Operators for Electricity, represents 43 
electricity transmission system operators (TSOs) from 36 countries across Europe. ENTSO-E was 
established and given legal mandates by the EU’s Third Legislative Package for the Internal Energy 
Market in 2009,

Role
• Policy Positions
• The drafting of network codes and contributing of their implementation
• Regional cooperation through the Regional Security Coordination Initiatives (RSCIs)
• Technical cooperation between TSOs
• The development of long-term pan-European network plans (TYNDPs)
• The technical cooperation between TSOs
• The publication of summer and winter outlook reports for electricity generation for the short term 

system adequacy overview
• The coordination of R&D plans, innovation activities and the participation in Research programmes

like Horizon 2020 or formerly FP 7 (7th Framework Programme).
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ENTSO-E

Source: ENTSO-E website



• RSCs are companies owned by their clients, the 
TSOs. They perform services for the TSOs, such 
as providing a regional model of the grid or 
perform advanced calculations to tell TSOs 
which remedial actions are the most cost-
efficient, without being constrained to national 
borders.

• RSCs are engaged in a development plan to soon 
provide five types of services to each TSO: 
– Operational planning security analysis (also 

known as coordinated security analysis); 
– Outage planning coordination; 
– Coordinated capacity allocation; 
– Short- and very short-term adequacy forecasts; 
– Individual and common grid modelling and data 

set delivery. 
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Regional Security Coordinators

Source: ENTSO-E Factsheet: REGIONAL SECURITY COORDINATORS Source: Meeus & Schittekatte 2019, The EU Electricity Network Codes



ACER is an EU agency, was created by the 
third energy package with an aim to 
create:

• A more competitive, integrated market 
which offers consumers more choice;

• An efficient energy infrastructure 
guaranteeing the free movement of 
energy across borders and the 
transportation of new energy sources, 
thus enhancing security of supply for 
EU businesses and consumers;

• A monitored and transparent energy 
market guaranteeing consumers fair, 
cost-reflective prices and the 
deterrence of abusive practices.
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Agency for the cooperation of Energy Regulators (ACER)

Source: ACER Website Source: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM%3Aen0013

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM%3Aen0013
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Future Challenges – Regulatory perspective
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• The digitalization, decarbonisation and decentralization (3Ds) cannot be 
looked at as silos. Interaction between the 3Ds is altering functions of 
different stakeholders in the value chain. 

• Decentralisation has changed the traditional one directional centralised flow 
of electricity to a bi-directional one.

• Greater interaction between different sectors is redefining rules of the game.

• Digital technologies are bring new challenges to the energy sector from 
technologies such as block chain and internet of things.

Disruptor who?

Source of disruptive innovation



31

Three key disruptors

Batteries Sector 
coupling E-mobility



Integrating batteries
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Batteries are functionally versatile
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While “copper wires” transmit electricity over geographical 
distances, storage transmits electricity across time.

The potential application of batteries is varied and can 
participate in different segments of the electricity value chain. 

This functional versatility of batteries also makes it difficult to 
define them in the current regulatory framework.



Batteries are functionally versatile
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A power system based on renewable energy
needs the flexibility to balance demand and
supply.

The use of batteries for balancing services
has the potential to improve operational
and economic efficiency and thus lower the
cost for consumers.
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What are the key challenges? - I

Should system operators be 
allowed to own batteries?

Ownership

• Pro: Investment in batteries by the system operators can be 
considered for grid investments deferral and to mitigate (if any) 
market power issues when the system is stressed. 

• Con: It may distort the market as the system operator may prefer to 
use its own battery resources for system balancing rather than 
other flexible resources.
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What are the key challenges? - II

Are the market structures adapted 
to enable flexible technologies?

Market 
Integration

• The current view appears to be that market structures are not yet adapted and would need to be 
modified to encourage flexible technologies such as batteries.

• European Parliament resolution of 13 Sep. 2016 on Towards a New Energy Market Design too 
calls upon the European Commission to adopt a market design structure that rewards flexible 
and fast reacting resources.

• In 2011, the US federal energy regulatory commission (FERC O-755) ordered the overhaul of the 
frequency regulation market as it saw the current system as (negatively) discriminatory towards 
flexible and fast responding assets. 
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Current developments
System operator ownership of batteries

Project Owner Location Year

UK Power Network Leighton Buzzard 2013

Terna – Energy Intensive Southern Italy 2011

Terna –Power Intensive Sicily and Sardinia 2013

Electric Transmission Texas Presidio, Texas 2010



Current developments
Market-based integration
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•Enhanced Frequency Response (EFR) to support fast responding assets was created
•During the first auction in 2016, ~ 200MW of batteries cleared the auction.

Special Markets – GB (National Grid)

•As a consequence of the US Federal Energy Regulatory Commission (FERC) order 755, frequency response markets 
were restructured.

•In PJM, additional power provided by fast resources in a given time frame is taken into consideration while 
calculating payments. (Further updated in recent times).

Market Modification – US (Pennsylvania-New Jersey-Maryland (PJM))

•The load-serving entities are required to organize a local capacity requirement auctions which can be considered as 
a type of local level capacity mechanism to ensure reliability.

• In 2014, while approving South California Edison’s local area requirements, the California Public Service Commission 
specified the share of different technologies that should be contracted, of which storage was one technology. 

•South California-Edison contracted 100MW of batteries in combination with a CCGT power plant.

Technology Specific Procurement – US (California)



Sector coupling
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“the energy engineering and energy economy of the connection of electricity, heat, mobility and industrial processes, 
as well as their infrastructures, with the aim of decarbonisation, while simultaneously increasing the flexibility of 

energy use in the sectors of industry and commercial/trade, households and transport under the premises of 
profitability, sustainability and security of supply”. – BDEW (2017)
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What is sector coupling?

Source: IRENA-IEA-REN21 (2018)
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What are the key challenges?



Current developments
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Energy & Steel Sector

• Pilot conducted in Linz, Austria by H2Future, a 
H2020 project.

• Step 1: Test polymer electrolyte membrane to 
produce  hydrogen for use in the steel industry.

• Step 2: Assess scalability of this this technology.

• When the system is scaled up, regulatory 
modifications (if any) would need to be 
considered.

Telecom & Electricity Sectors

• The Pay-as-you-go (PAYG) model has been 
successful applied in some African nations.

• Service provider installs a solar home system for 
a minimum (or no) upfront charge and 
consumers later pay as per usage. Mobile 
technology is used for enabling payments.

• Extensive regulation is required to implement 
such a system.



E-Mobility
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What are the key challenges?
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Current developments
EV Charging Infrastructure

Japan
• Next Generation Vehicle Charging Infrastructure Deployment Promotion Project with ~$1 billion budget.
• Developed mainly under a public-private partnership model.
• Price structures  such as time of use tariffs, per minute plans, hook-up fees, free charging and monthly memberships are utilized.

United States
• Funding is at federal, state and local agency level.
• Federal funding via EV Project and the U.S. Department of Transportation’s Transportation Investment Generating Economic Recovery 

program.
• As of 2016, 36,000 charging stations are in existence.

France
• French government provided funding for 12,000 charging points in 3000 cities.
• EDF is building a DC fast charging network nationwide.
• French government estimates that 7 million publicly accessible charge points will be installed by 2030.

Italy
• In Italy, five pilots were run between 2011 and 2015 to build and operate EV charging stations to assess three different business models: 1) 

DSO and multiple retailers 2) charging service provider (CSP)  for a region 3) Multiple charging service providers for a region.



Current developments
EVs as an electricity market participant
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PJM ISO  (US) 
• Pilot for using EVs for grid services since 

2007.

• As of 2014, the pilot project was able to earn 
roughly $110 per vehicle per month.

• Collaboration with University of Delaware.

United Kingdom
• V2G trials conducted by ENEL & Nissan (May 

2016).

• 100 V2G units at various locations for Nissan 
LEAF and e-NV200 electric van.

• Similar project is also underway in Denmark.



Thank you!

Thoughts, Remarks, Questions

Email: Pradyumna.Bhagwat@eui.eu
Twitter: www.twitter.com/pcbhagwat

LinkedIn: www.linkedin.com/in/pcbhagwat
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