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Electricity vs. Heat

 The focus of our research is electricity supplies
 with high shares of renewable energies
 that ends in energy storage discussion

 CELSIUS concentrates very much on heat supplies
 are we wrong here in this project?

 Transition from a fossil based era into a renewable based era comes 
along with…

… the change from consideration of single energy sectors
… towards consideration of inter-sectoral dependencies between 
electricity, heat and transport

… and that is what we try to make understand the conservative 
district heating industry
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Not to talk about …

 … Energy storage need
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Not to talk about …

 … Energy storage technologies
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Commercial block

„Look: we do not have appropriate storage solutions!“
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Content

 Short Introduction on the need for energy storage

 Short Comparison of energy storage comparison

 electricity – store in something – electricity back again

 electricity – thermal storage – thermal heat usage

 inter-sectoral energy systems: CITIES are the solution

 show case: Study on Smart City Cologne
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Storage Need? Renewable Generation (20%) and Consumption 2010

 Red:
Load 2010

 Green:
wind + solar 2010
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Storage Need? Renewable Generation (40%)

 Storage tolarable 
with 40% wind 
and solar?

 Rather no
 But inflexible 

existing power 
generation 
(lignite and 
nuclear) could 
cause an early 
start-up of 
energy storage



Institut für Elektrische 
Energietechnik

Prof. Dr.-Ing. habil. Ingo Stadler

Storage Need? Renewable Generation (60%)

 With 60%?
 Maybe 
 Or can power 

gaps be 
matched by fast 
reacting power 
stations?

 But not to use 
even the least 
kWh (dena II 
study caluclated 
with complete 
integration)
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Storage Need? Renewable Generation (80%)

 With 80%?
 No doubt
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Storage Need? Renewable Generation (100%)
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Storage Need? Renewable Generation (120%)

 Why120%?
 Pure renewable power 

supplies always have 
overproduction – due 
to economical reasons

 The cheaper 
renewable 
technologies become 
the more interesting 
overproduction will be
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Renewable Generation (120%)

Cut-off
Strategic Electricity 

Reserves by 
methanisation
Non-electric 

Consumption
 Transport
 Heat

Any kind of Storage
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Economics – Hot Water vs. Batteries

Capacity costs:    
ca. 250 €/kWh

Costs per Cycle:  
ca. 20 €ct/kWh

Capacity costs:    
ca. 2,70 €/l
ca. 38 €/kWh

Costs per cycle:  
ca. 0,74 €ct/kWh

Capacity costs:    
ca. 100 €/m³
ca. 1,4 €/kWh

Costs per cycle:  
ca. 0,03 €ct/kWh

-calculation

Frame: i=5%; tbat=10a; 
tDSM=25a; DOD=0,5; 1 cycle/d; 
therm. St. 70kWh/m³; 
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Pre-Conclusion

 Heat storage is economically more efficient to electricity storage by a 

factor of almost 1000
 for a cost-effective transition of the energy (and not only electricity) 
system the combination of electricity, heat and transport is essential

 The future question will not be anymore whether we require heat storage 
for the district heating system. 
 The driver will be that within district heating systems the storage task of 
future energy systems can be done more efficient than in any kind of 
batteries. Heat storages will be a market opportunity for district heating 
system operators in combination with CHP and heat pumps
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Smart Grid

Information
Grid

Electricity
Grid

Energy
Meter

GridSmart 
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Smart System

GridSmart Electricity

Heating CHP  Heat Pumps

Transport El. Veh. Gas driven
vehicles
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Smart System

GridSmart 

CHP  Heat Pumps

El. Veh. Gas driven
vehicles
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(incomplete) Overviews on Energy Storage Technologies

Source: IEC

DSM

Demand Side 
Management
in many 1000

buildings

Biogas
Themal
Energy
storage
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By coupling electricity and 

heat sector the „energy 

storage problem“ becomes 

marginal !
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Now why cities?

 Energy transition has started on the countryside
 Biogas installations on farms
 Wind parks (for sure not in city centers;-)
 Photovoltaic systems in residential areas, farms and on green 

land

 Cities have been more or less out of this development
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City
CHP

Connectivity to regional and 
interregional power systems via grids

 Most cities are built 

at riversides

 but rivers are only 

used as heat sink of 

thermal power 

stations

 Cities have energy 

demand densities to 

allow efficient 

application of district 

heating
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City

CHP

E-Car

E-Bike

Connectivity to regional and 
interregional power systems via grids
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CELSIUS: Rotterdam – Vertical City
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City

CHP

Thermal Storage

Connectivity to regional and 
interregional power systems via grids

E-Car

E-Bike
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City

CHP

Thermal Storage

Interconnection of  different grid infrastructures (Poly Grids)

Connectivity to regional and 
interregional power systems via grids

E-Car

E-Bike
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CELSIUS: Rotterdam – Heat Hub
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A few words on LONG-term storage

 Bridging gaps of more than a week up to months …
 all technologies fail
 because of too low energy densities

 Only chemical energy carriers are capable to cover this gap
 As far as is our knowledge today!

 Power-to-Gas
 inefficient
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„Renewable Methane“
 Overall efficiency awful, 

even worse than hydrogen 

storage, but:

 Use of waste heat 

when applied 

decentralized in a cites 

(temperatures >100°C)

 Usage of existing 

natural gas infrastructure
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City

CHP

Thermal Storage Power-to-Gas

Connectivity to regional and 
interregional power systems via grids

E-Car

E-Bike

Interconnection of  different grid infrastructures (Poly Grids)
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Vehlow
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Today‘s system with CHP and District Heating only

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

CHP Cologne Gas Boiler

Pressure tank /
Gas Filling Station

Compressor

95 °C
Thermal
Storage
60 °C

10°C

Heat PumpRiver
(Rhine)

 no storage

 no heat pump 

 no power-to-gas
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Charging Thermal Storage by: Heat Pump

CHP Cologne Gas Boiler

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 low heat demand

 low electricity prices / renewable 

overproduction

 additionally, heat grid can be 

supplied
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Charging Methane Storage by: Electrolysis and Methanisation

CHP Cologne Gas Boiler

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 low heat demand

 low or even negative electricity 

prices / renewable overproduction

 additionally, heat grid and heat 

pump can be supplied
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CHP Cologne

Charging Thermal Storage by: Electricity Overproduction

Gas Boiler

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 in times of extreme 

overproduction even direct 

electrical heating can be applied to 

heat storage

 in addition to heat pump and 

power-to-gas
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CHP Cologne Gas Boiler

Charging Process by all means: Power-to-Heat (heat pump 
and direct electricity), and Power-to-Gas

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 charging thermal store with all 

that is available
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CHP Cologne Gas Boiler

Discharging Thermal Storage: Insertion of Heat into the Flow 
of District Heating

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 at medium ambient temperatures

 at medium electricity prices 

without heat pump and without 

CHP operation
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CHP Cologne Gas Boiler

Discharging Thermal Storage: Insertion of Heat into the 
Return of District Heating (decrease of natural gas usage)

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 with cold ambient temperatures 

(storage temperature below flow 

temperature)

 support of CHP and boiler
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CHP Cologne Gas Boiler

Heating: Discharging Thermal Storage as source for the heat 
pump

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

When storage temperature is too 

low and electricity prices are also 

low
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CHP Cologne Gas Boiler

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

At low ambient temperatures, 

medium electricity prices

Heating: Discharging Thermal Storage as source for the heat 
pump to support CHP and boiler
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CHP Cologne Gas Boiler

Heating: Heat pump into the Flow of District Heating

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 with higher ambient 

temperatures

 heat energy demand

 low electricity prices
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CHP Cologne Gas Boiler

Heating: Insertion of Heat from heat pump 
into the Return of District Heating

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 average electricity prices

 heat pumps and CHP is in 

operation in parallel
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CHP Cologne Gas Boiler

Heating: Using Methane from the Power-to-Gas Process

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 filling  up long term storage when 

e.g. thermal store is fully charged

 direct supply of district heating 

system
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CHP Cologne Gas Boiler

Heating: Combining heat pump and power-to-gas process

Pressure tank /
Gas Filling Station

Compressor

95 °C
‐

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet
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CHP Cologne Gas Boiler

Pressure tank /
Gas Filling Station

Compressor

95 °C

60 °C

10°C

Thermal
StorageHeat PumpRiver

(Rhine)

Natural Gas (Methane)
Electricity
Flow
Return
Fresh Water inlet

 discharging the thermal store at 

lowest electricity prices and highest 

heat demand

Heating: Combining heat pump, thermal storage and power-
to-gas process
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There is something more left!
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Only nice thoughts?

… but doesn’t not work in the 

real system? 
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Residual load left over
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Results after energy system optimization
CHP power 
to heat ratio

Thermal storage 
given in hours  of 
maximum heat 
load

Full load hours

CHP coverage 
rate

Required 
Methane storage 
capacity

Electricity 
demand not 
covered by CHP 
and renewables

1996: 
bad wind year 
bad solar year

2003: 
Excellent wind year 
average solar year
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Conclusion
 By combining different energy sectors energy supplies can be 

converted towards renewables without the usage of electricity storage
 That means only by

 Demand Side Management,
 Heat Storage in combination with CHP and heat pumps, and
 Power-to-Gas technology

 Therefore, the “energy storage problem” becomes marginal

 But life is different from science

 Together with lobbyist pressure our government started to subsidize 
the most expensive way of energy storage: batteries
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THANK YOU FOR YOUR
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