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4. Prospects for hydrogen
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* Europe: The clean energy package →

       RE-Power → FIT for 55%

1. INTRODUCTION

Motivation:

* It is not possible to force variable

  renewables into the system

* Strong desire of more and more

  customers to participate in electricity supply

3

* Highly volatile electricity prices 
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MAJOR ISSUES: 

* Better protected and empowered 

consumers; 

* energy market integrity and transparency 

(ACER) ; 

* A competitive European industry

with predictable energy costs

* Long-term contracts: PPAs and CfD

* integration of renewables 
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Nuclear

Renewables

Natural gas 

Coal

Electricity generation EU-27 
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Electricity generation EU-27

Wind
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Renewable energy targets EU-28 
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2 Key term of the future:

Residual load
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Supply and Demand 2030

Demand

RES Production

> Demand

RES Production

< Demand
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3. Key term of the future:

Residual load

Excess electricity

Under coverage

Residual load = Load – non-flexible generation   
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Classified residual load 

Under coverage

Surplus due to 

excess 

generation 

2016

2030



Titelmasterformat durch Klicken 

bearbeiten
• Textmasterformate durch Klicken 

bearbeiten

• Zweite Ebene

• Dritte Ebene

• Vierte Ebene

• Fünfte Ebene

16

Under coverage

Excess 

production

How to cover?

Classified residual load 



Titelmasterformat durch Klicken 

bearbeiten
• Textmasterformate durch Klicken 

bearbeiten

• Zweite Ebene

• Dritte Ebene

• Vierte Ebene

• Fünfte Ebene

17

By a regulated capacity „market“ ?

or

By competition between supply-side and 

demand-side technologies (incl. storages 

and grid)?

3. Capacity payments vs 

Flexibility



Titelmasterformat durch Klicken 

bearbeiten
• Textmasterformate durch Klicken 

bearbeiten

• Zweite Ebene

• Dritte Ebene

• Vierte Ebene

• Fünfte Ebene

18

Very high 

prices 

(2000 

EUR/MWh!)

Load reduction due to

Demand response to prices 

Extension 

Transmission grid

Load reduction due to

Demand-side management

technical (e.g. cycling) 

Hours/year 

Flexible coverage of  residual load

Flexible power plants 
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Comparison 
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THE CORE PROBLEMS  
OF CAPACITY PAYMENTS

All regulatory capacity payments for power plants 

distort the EOM and  lead to wrong price signals 

for all other options

 

Price peaks at times of scarce resource should 

revive the markets and lead to effective 

competition

strive to retain system resource adequacy by 

correct price signals
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How to use?

Store all?

Under coverage

excess 

generation 

Hours/year 

STORING EVERY PEAK? 
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Extention of transmission grid

Shedding of

peak power

Price very 

low

(-200 

EUR/MWh!

Load increase by technical 

Demand-side management

Smart Grids

FLEXIBLE  USE OF 

EXCESS ELECTRICITY

Use 

of storage (if 

reasonable 

Fullloadhours)

Direct 

marketing

Hours/year 
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Demand for long-term storage

Scenario Austria monthly 2030

Load
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4. PROSPECTS FOR HYDROGEN

* Hydrogen is seen as such a clean energy carrier

   since decades

* Urgent needs for clean energy carriers

* Yet so far it has not delivered
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EU-Roadmap H2 

(2003) 
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Main colors of hydrogen 

Primary 

Inputs

Natural gas 

+ water, coal 

+ air

Natural gas+ 

water+ air

Natural gas 

+ water

Renewable 

electricity + 

water

Nuclear 

electriciy+ 

water

Grid 

electricity+ 

water

Process SMR, coal 

gasification

SMR + CCS Pyrolysis Electrolysis Electrolysis Electrolysis

Output H2 + CO2 H2 + CO2 

(partly 

captured)

H2 + C H2+ O2 H2 + O2 + 

nuclear 

waste

H2 + CO2
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Hydrogen as storage for re-electrification

Electrolyser G
Electricity H2

Compressor Combined cycle

Electricity

H2-Storage

H2 H2

η=60-70%

η ≈90% η=50-60%

η=27-38%

Very low roundtrip efficiency for electricity!
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Hydrogen costs and fulloadhours
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5 DEVELOPMENT OF ELECTRICITY 
MARKET PRICES 
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Price  = „System“-marginal costs

Hydro, Wind

Natural gas (new) 

Coal (old)  

Nuclear

Demand D

pt1



Titelmasterformat durch Klicken 

bearbeiten
• Textmasterformate durch Klicken 

bearbeiten

• Zweite Ebene

• Dritte Ebene

• Vierte Ebene

• Fünfte Ebene

31

AT, DE, FR, CZ, PL 

→ One market 

Development of electricity prices 

in Europe up to 2016 (1)

Italy

Nordpool 
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Development of day-ahead electricity 

prices in Europe per year (2)

Nordpool 

Italy Price

 recovery
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Factor 10 

Today: ???  € /MWh
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Today (?):

Day-ahead electricity prices in 
Europe 
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Spot market price electricity  Germany

Photovoltaics

PV AFFECTS THE 

ELECTRICITY MARKET 

PRICE IN GERMANY

On-peak time: Low 

electricity prices!

Structure of electricity generation over a day 
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Price with PV!
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PROBLEM: EINFLUSS TEMPORÄR 

GROSSER MENGEN EET (?) AUF  

SPOTMARKTPREISE
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Ramping!
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EXAA Austria 
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7.5.2025 
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OTE CZ 
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6. RETAIL MARKETS: TOWARDS 
PROSUMAGERS

AND ENERGY COMMUNITIES

46
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Costs of PV  

Grid parity: PV-costs and household
electricity prices  

Austria

Germany 

Grid parity

Czech Republic 
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Ähnliches Foto

Eigenverbrauchsanteil:

http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiI0YKMndrRAhUFcBoKHZi0AM8QjRwIBw&url=http://www.volker-quaschning.de/artikel/2012-10-52gw/index.php&psig=AFQjCNHDFe-tu1DN-qJttxZuS-KvtK5PSQ&ust=1485328237448406
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Koordinierte und nicht 

koordinierte Speichernutzung
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T2 max_to_grid

T4max_from_grid

Price /tariff for 

energy from grid T3

T1: Price /tariff for 

energy to grid T1

Hours  of day

Net Consumpt/ 
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Bidirectional tariffs (and prices)

 for Power and energy
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Energy Communities 
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Flexibility options 

Grid Prosum

-agers

STO

New Thinking: Making the electricity
system more democratic 

Supplier

G4

G1

G2

G3

G5

STO

STO

Energy 

communities

??? 
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