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The European Power Plant Suppliers Association

is the voice, at European level, of companies supplying power plants, 
components and services. 

EPPSA members, located throughout Europe, represent a leading sector of 
technology with more than 100.000 employees and annual revenue of 

over 30 billion euro.

Virtually, all existing Power Plants in the EU have either components from or 

were built by EPPSA Members



OUR MEMBERS

Members of EPPSA 
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European technical association for power and 
heat generation

VGB PowerTech e.V. is the European technical association for power and 
heat generation. As voluntary association VGB PowerTech brings together 

companies, for which the operation of power plants and the corresponding 
technologies form an important base for their business
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Members of VGB 
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Department Innovation & New Products in MHPS-E
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The Department

INNOVATION &
NEW PRODUCTS

within

MHPS-E
Number of staff 

25
consisting of:

5 PhD
10 Engineers
2 Assistants

5 Master students
2 Bachelor students

and Prof. Kakaras
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De-Regulation of Electricity in Europe

Before the deregulation, starting in the ´1990th most 
markets have been regulated in Europe
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Price Regulation in Europe
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Reserve Margin in the System in the EU
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Resulting Investment Needs in EU 



© 2014 MITSUBISHI HITACHI POWER SYSTEMS EUROPE – All Rights Reserved 11

Capacity Drop in the EU until 2030

There is still an overcapacity in the EU, but this w ill change in the future …
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Free Trade Capacity in the Markets (% per Market)

Fixed Delivery Contracts Stock Market Pricing
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Free Trading System Principle in the EU

Stock Market
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Electricity Stock Market (Merit Order Effect )

Intra-Day 
Trade

Day ahead 
Trade

Week ahead 
Trade

Stock marked trade is common for several 
products in the electricity market
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Example Countries and Prediction Intraday Trade
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Price Development for industrial Customers

At an extreme in Germany the sales prices for 
generation dropped, while at the same time the 

industrial customer prices went up …
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Electricity generated from RES in the EU
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Ways for EU Countries getting CO2 free

CO2
free

France electricity is 
competitive low carbon 

energy due to high nuclear 
production.

Sweden is green because 
of hydro and nuclear power

It shows that it is getting 
hard for Germany to get a 

nuclear free and a low 
carbon society at the same 

time …
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Merit Order – Example Situation in Germany
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Legend:

during a day in winter 2012/2013

As long as the production of the RES is low the variable 
gross margin is enough to “make money” in the free market, 

but the RES production is growing rapidly …
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The  „Missing Money“  Problem

Reduced margin of conventional PP

� Less operational hours

� Increased number of startups & higher fuel cost

� Daily peak covered by PV 

� CHP plants lose money on electricity sales

� Many CCGT plants mothballed
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Situation today for the Power Plants …

A consequence is that the most efficient power plants 
are not running!

If flexibility is a key requirement for the foreseeable future and power 
plants are asked to run efficiently at part-load, one can ask:

Is efficiency at part-load of equal importance as at base-load ? 

How can investment costs cope with less operating hours?

…but if nothing happens an INVESTMENT-STOP occurs !!!

With the SGT5-8000H, Siemens 
has achieved a world record of 

60.75 percent, but …
… operates less than 500 h/a
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The Solution can be Capacity Mechanisms

Overview of Capacity Mechanisms
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Existing Capacity Mechanisms in the EU
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Additional Markets: Balancing Services

This Markets are 
organized as 

Capacity markets 
already in the EU …

… but this will be a separate topic and can this Markets can not solve
the capacity problem 
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Future full Operating Cost – Power Plants by Type

Study for the German Department 
of Economics & Energy 2011 …

… but what will be the
electricity pricing at this time 
and what will be the full load 

operating hour of the 
technology ?!
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One additional Solution: Market Coupling in the EU

The coupling of electricity markets leads 
to a better utilization of the energy 

sources and lower electricity prices, 
because its becomes an ideal market
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Primary Energy in the EU and Usage of Energy

European Energy flow in 2010 in Mtoe 
(million tonnes oil equivalent)

Energy conversion losses can be 
minimized using more CHP in the EU
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Example: Energy system in Germany: 2012/2013

state 2012/13

87 GW max. load demand
194 GW available capacity
106 GW conventional pp
72 GW renewables
7 GW storage
3 GW cross- sector
6 GW biomass

� Already today, the feed 
in from RES in Germany 
may for a short time and
locally lead to a 100% 
coverage of the load. 

� Nevertheless a backup 
is always required.

Max. Peak load 87 GW, 65 GW normal Max.

Energy-System 2012/13

Control-Energy

O
verspill

Cross-Sector-Market

CO2

>23%
Energy from renewable sources
with needed surplus production

≈ 90%  (72 GW)

Secured energy from conventional power plants
CHP, multi-fuel & bio-mass; <<80% CO 2

≈1 %
Storage

Power to Heat

Vehicle to Grid

Power to Gas

Fossil
fuels

Developing 
Sector
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Situation in Germany

Mo
25.02.

Tu
26.02.

We
27.02.

Th
28.02.

Fr
01.03.

Sa
02.03.

Su
03.03.

Power production: week 9, 25. February to 03. March 2013 Winter

Mo
15.07.

Tu
16.07.

We
17.07.

Th
18.07.

Fr
19.07.

Sa
20.07.

Su
21.07.

Power production: week 29, 15. to 21. July 2013

Summer

Maximum thermal power 
required: >70GW
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� The share of renewable energy is continuously increasi ng

� Peak power demand will remain high – fossil plants sti ll will be needed

� The electricity market has changed dramatically

Nuclear

Lignite
Coal

Gas

Run-of-river

PHS
Wind

Solar

Legend:
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Plant System Utilization over Day-Ahead Prices (Germany)

Source: Fraunhofer ISE, 
Johannes Mayer, Bruno Burger, 2014

Hard coal power plants 
contribute in covering 
the fluctuating residual 
last (minimum load: 
20% )

Minimum load for most 
lignite power plants: 
50%

Gas power plants 
(GT+CCGTs) do not 
reach high utilisation 
ratios
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Energy Pricing in Europe (Example PHELIX)

 

With a gas price of 27 EUR/MWh most CCPP without CHP are in operation for less than 
1.000 h/year

Lignite & hard coal power plants take the control in the conventional electricity market

Gas price

Coal price

LFO price 

*** All fuel prices stock average market prices

CHP Heat price

* CHP Electricity loss MW el/MWth ≈ 0,15 → CHP Electricity equivalent price is ≈ 120,- EUR/MWh

* Electricity average price 2013 ≈ 37,- EUR/MWh

* Electricity only 

* CHP Electricity
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Growing surplus energy leads to higher 

use of storage energy and so negative 

pricing time will be shorter compared 

to surplus production duration, see 

upper right ...
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Energy only Electricity Price Development
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This needs Flexibility – New or retrofitted Power Plants

max.

min.
(old)

min.
(new)

Reduction of minimum load

Reduction of startup cost 
and startup time

Increase of load change 
speed

Maximum load extension

Important: 
� Maintain maximum possible part load efficiency
� Maintain highest possible operational hours

old

new
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Flexibility
> Characteristics for coal power plants

34

Parameters / 
characteristics

Minimum load for 
continuous operation 
[%]

Ramping rate [%/min]

Frequent start-up and 
shut down ability 
(cold/warm/hot)

Emissions and plant 
efficiency MUST BE 
KEPT DURING PART-
LOAD

1)Best possible known, and documented
2)Usual min load operation for recent new built plants still is only around 30-40% due to lowest marginal cost of all hard coal units
3)Oil/gas may be required as supporting fuel for lignite
4)Plants are existing in Germany or are being retrofitted with dry lignite firing to operate in the range of 20%-30% load

Currently operating PP 
fleet
(PPs erected in the 20. 
century) 1)

15-20 for hard coal
>50    for lignite 4)

2-3

Specific nr. of start-ups 
/shut downs foreseen per 
year (limited to few cold 
start-ups)

Optimum design for high 
efficiency and lowest 
emissions at full load

Current BAT

(PPs erected in the 21 
century) 1)

15-20 for hard coal 2)

35-40 for lignite 3) 4)

5

Possible daily start-up for 
hard coal PP (usually 
hot/warm daily, cold over 
the weekend)

Optimum design for high 
efficiency and lowest 
emissions at full load and 
some low loads

Targets

~15
(considering alternative 
& low carbon solid 
support fuels and their 
blends)

~10

Possible daily variations 
between 15-100% to 
avoid daily start ups

Optimum design for high 
efficiency and lowest 
emissions (IED) for load 
following operation 
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� Security of supply

� Residual load

� Total load in a cloudy windless winter day

� Stability of grid system

� Balancing energy for frequency control

� Reactive power supply for voltage support

� Secure quality of electric energy

� Damping of frequency gradients via inertia of

rotating masses � min load operation

� MCP for day-ahead market and balancing energy due to energy stock
exchange (merit order)

� Flexible PPs need to be:

� continuous load following within the range of 10% to  100%,

� load changing rates of up to 10% per minute

� partial load efficiency ≥ 85% of full load efficiency

� design optimized for 2.000-4.000 annual, full load equivalent,
operational hours with 100.000 h lifetime (instead of 8.000 hours
with 250.000 h lifetime typically used for existing power plants)

Flexibility > importance and compromise

???

€

ɳ~
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Flexibility increase options > Overview of measures

36

Turbine Boiler

� GT Repowering

� Reduction of auxiliary power

Burner

� Increase the number 
of headers/ separators

� (preheating)

� Line arrangement
(from 2 to 4 lines)

� Increase the number
of headers/ separators

� Design parameter  for 
components

�Optimization of steam
cycle layout:

� Increased number of 
lines, headers, separators

� Thinner wall components

�Continuous component
monitoring

�Reduced lifetime design

�Auxiliary GT (gas topping)

� Incorporation of energy
and thermal on-site storage

�Combined / Indirect Firing
� DS-T ® and DS ® burner
optimized for operation at 
lower loads

� Alternative  ignition
systems

� Heated burner nozzle

� AC plasma
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Flexibility > Boiler

37

� Increased number of lines, headers, separators; thinner wall components

� Auxiliary GT (gas topping)

� Combined / Indirect Firing
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Flexibility increase options > Firing system

38

Min. Load <10 %

95% less start-up fuel

Excess Air <12 %

Milling in optimal
operation range 

Indirect  Firing (IF)

Burner

Feeding System

Raw coal
bunker

Cyclone 

Dust 
bunker

Air

Classifier

Mill

Ventilator

Conveyor

DS-T Brenner ®

DS-T burner
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Flexibility increase options > Boiler 

39

Das Bild kann zurzeit nicht angezeigt werden.
Das Bild kann zurzeit nicht angezeigt werden.

Reduced wall thickness and higher number of headers

� 2 line to 4 line design leads to reduction with fact or of 0,707 of header wall thickness

� increase the number of separators/ headers

� use of superior materials, e.g. A617 instead of P92
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The use of more than one GT lead to more Flexibility in CCGT Operation

Flexibility with Combined Cycle by Concepts
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Load Diagram for multi Shaft CCGT
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Further Flexibility with CCGT and electric Boiler

+

Process 
Steam 

for 
Process
Industry
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Load Diagram for CCPP with ESG
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Energy system in Germany: 2050 prediction

Maximum load 87 GW + 13 GW in 
Demand Side Management (DSM)

Energy-System 2050

Control-Energy

O
verspill

Cross-Sector-Market

CO2

>80%
Energy from renewable sources
with needed surplus production

≥ 315%  (259 GW)

Secured energy from conventional power plants
CHP, multi-fuel & bio-mass; <<20% CO 2

> 5%
Storage

Power to Heat

Vehicle to Grid

Power to Gas

Fossil
fuels

state 2050 (target)

100 GW max. load demand
397 GW available capacity
59 GW conventional

259 GW renewables
14 GW storage
53 GW cross sector
12 GW biomass

� Load demand is expected to 
slightly rise until 2050 
(13GW)

� Demand Side Management 
to be planned and operated 
by big consumers 

� Conventional power plant 
fleet to decrease to 50%

� electricity = a “cheap” 
commodity

Sector 
Developed



© 2014 MITSUBISHI HITACHI POWER SYSTEMS EUROPE – All Rights Reserved 45

� Increased RES share creates the shift from Instant Storage and load following
technologies to long term high capacity Storage

� Power to Fuel is the best choice for long term, large scale energy storage

� LAES is the only large scale electricity storage to be applied without any geological
restriction both on brownfield and greenfield sites

Future Market Development for Energy Storage

Time Shift

3 Hour Ramp

Load Following

Regulation

2014 2050

Power to Fuel

LAES, CAES, PHS

Flexible 
Fossil Plants

Batteries
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Storage technologies within MHPS-EDE

Thermal

Power to Fuel

LAES

MHPS-EDE is focusing on storage 
technologies granting for also the 
possibility of long term storage,

necessary in the future.
Other technologies (e.g. batteries & 

pumped hydro) are already 
developed in the company group

… in the Group

… in the Group
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Bulk Electricity Storage and Back-up Power
Liquid Air Energy Storage – as two in one

100-500m

50bar, 
ηSp~50-65%

ηSp~50-65%

Storage Density 
[kWh el/m³]

50-100 bar
ηGuD=60%

0,1

1

10

100

PHS CAES LAES SNG

LAES is an energy storing 
technology, which is producing 

liquid air and heat (district heating) 
while charging and is producing 
electric energy from natural gas 
and liquid air while discharging.

The efficiencies of the technology 
are up to 65% without district 

heating and above this calculating 
also the produced heat as “used”
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Liquid Air Energy Storage

4
8

CCPP

Power
59MWel

Gas
100 MW

LAES 

Heat

Power
� 89MWel 50MWel

LAES Storage eff.
(Dif ference) 

Gas
100 MW

1600 m3 ~ 4h Operation

� 356 MWh powering

� 156 MWh from storage

� 39MWel

ηSt > 58%

ηRT > 52% ηCC = 50%



High Temperature Heat Storage

Storage 
Temperature
550-650 °C

Loading

Unloading

Storage in Rocks
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High Temperature Heat Storage

Preliminary technical data: 

� Storage capacity : 150 MWh 
� Storage/release time: 16 h / 8 h 
� Hot gas temperature: 555°C 
� Height of storage vessel: 30 m 
� Diameter of storage vessel: 8 m 
� Mass of storage material: 2000 t 
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Power to Fuel in Power Plants

PtF is a cross sector energy storing 
technology, which is producing methanol and 
its following derivatives as olefins, gasoline, 
DME and other chemicals or transportation 
fuels. It is processing from electrical energy 

hydrogen and oxygen. The produced hydrogen 
is together with captured CO2 processed to 
methanol with an exothermal process. The 
heat is used in the water steam cycle of an 

power plant for efficiency gain of the process.
The efficiencies of the technology are up to 
67% without the use of the oxygen in other 
processes. Using the oxygen this efficiency 
rises up to 72% , if it is used close to other 

industries using oxygen as one of its educts
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Power to Fuel in a Power Plant (Lignite)
A flexibility option with a Market for its Products

474 MWth Coal Consumption
191 MWel at 30% Load

Power
From
Heat

Elektrolysis

H2

Heat

128 MW Methanol

Losses (O2)

Consumption

ηel/th = 67%
ηth/th = 27%

Keeps power plants in the business due to combined production !!!
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Power to Fuel and Carbon Management

CO2
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The Future is an Integrated Industry System (ISS)

private customers

Electricity 
Tansport
To customers or excess 
electricity to electrolysis

Conventional Power Plants
Electricity production

Processes Industry
e.g. Steel Industry

CO2 Capture & Intermediate Storage 
Storage of captured CO 2 for further use

O2

H2O

Electrolysis
O2 and H2 from water

Methanation
Methane from H 2 & CO2

H2

CO2

Biogas Plants & PCC

CO2

CH4

Storage
(pipeline, 
cavern, 

etc.)

Methanol Synthesis
Methane from H 2 and CO2

CH3OH

petro chemical industry other industrymobility Renewable Energy
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Thank you for your attention


