










 

Now, trials are to start on a high-throughput 
fermentation method for this waste, which 
fluctuates in its texture and consistency 
during the course of the year. The plan is as 
follows: pre-fermentation will first take place 
in several modules, and this will create 
intermediate products, mainly organic 
acids. Then these intermediate products of 
similar composition will be left to ferment 
together in a central bioreactor. This may 
sound complicated but is only a short pro- 
cess, and waste is turned into biogas in just 
a few days.

In order to obtain even more energy from 
the biomass, ETAMAX additionally makes 
use of the fermentation residues and the 
waste water from the fermentation process. 
One way in which this is done is by convert- 
ing the solid fermentation residues into 
methane and ash – the sole remaining sub- 
stance – at high temperatures and under 
high pressure. A second method is to use 
the waste water from the fermentation 
system as fertiliser in an algae reactor and 
clean it during this process. Special algae 
grow in this photobioreactor, and the 
things that these algae need to grow in- 
clude sunlight, carbon dioxide and the 
inorganic fertilisers from the waste water  
of the fermentation system. The carbon 
dioxide is taken from the waste gas of a 
unit-type heat and power plant. A large  
part of the algae produced is in turn used  
as biomass in the fermentation system. 
Using these methods, it is possible to close 
the CO2 cycle. 

The high-throughput fermentation method 
developed by the Fraunhofer Institute for 
Interfacial Engineering and Biotechnology 
and outlined above has already been used 
for some time for the fermentation of 
sewage sludge. EnBW now intends to im- 
plement an efficient system for the next 
innovative step – the upgrading of biogas 
from waste to form bio natural gas. This 
renewable fuel gas is a versatile substance; 

it is already fed into the gas network in 
several places and used as a substitute for 
fossil natural gas. Or, as in the case of 
ETAMAX, it can be used as a fuel for CNG 
vehicles. These vehicles have compressed 
natural gas (CNG) in on-board tanks and 
are driven both by petrol engines as well as 
converted diesel engines. Before motorists 
can load up with gas, however, the gas has 
to be cleaned. The challenge is in finding a 
good solution for biogas processing in small 
installations. Within the network project, 
this task has been assigned to EnBW, while 
the vehicles are supplied by Daimler AG. 
Since mid-2009, ETAMAX has been sup- 
ported by the German Ministry of Educa- 
tion and Research. The plant is scheduled 
to go into operation before the end of 2010. 

In various studies, energy researchers have 
identified still untapped bioenergy poten-
tial. The task of projects like ETAMAX is to 
determine whether the various ideas are 
economically feasible. Intelligent methods 
play a key role in this process. They could 
be decisive for the efficient use of biomass 
and the improvement of value added. It is 
hoped that projects like ETAMX will also 
pave the way for the development of ideas 
for larger-scale installations at suitable 
locations in years to come. 

 



 

 

When it comes to climate-friendliness, 
natural gas has a good reputation. This gas, 
mainly made up of methane, is considered 
the cleanest of all fossil fuels. And, indeed, 
its combustion produces less carbon dioxide 
per kilowatt hour than is the case with crude 
oil, coal or lignite. Moreover, processed 
biogas can also be mixed in with the natural 
gas, a major advantage with regard to the 
use of renewables. This means homeowners  
 

 
 
can meet the statutory requirements in 
Baden-Württemberg concerning pro rata 
heating using renewable forms of energy. 
They can even heat their homes via a small 
unit-type heat and power system while 
obtaining electricity "on the side". Unlike 
the larger agricultural biogas-fired unit-
type heat and power plants, they can also 
make full use of the occurring heat. 

Biogas, which results from the fermentation 
of biomass, is emission-neutral with regard 
to carbon dioxide. "The combustion of bio- 
gas only releases as much CO2 as was pre- 
viously withdrawn from the air during the 
creation of the biomass." This is what we 
called a self-contained cycle, says Dr. Gerold 
Göttlicher from the Research department 
of EnBW in Karlsruhe. Biogas and natural 
gas technology also work in combination, 
as shown by a project implemented by EnBW  
in Burgrieden in the Biberach district. Since 
May 2008, the name of the community has 
been firmly linked to an innovative product, 
namely bio natural gas. 

 

 

  



 

The pilot plant is the outcome of coope- 
ration between EnBW subsidiary Erdgas 
Südwest and Bioenergie Laupheim, in which 
just under two dozen farmers from the 
region and the community of Burgrieden 
have joined forces to form the company that 
operates the biogas plant. During the initial 
phase, the project was scientifically super-
vised by the universities in Karlsruhe and 
Hohenheim. The aim of this future-oriented 
project is to ensure the cost-efficient use 
of biogas. Normally, the gas from the slurry 
is converted directly at the production site, 
in other words at the biogas plant, into elec- 
tricity and heat in a unit-type heat and power 
plant. The resulting heat often remains 
unused – as is the case when there is no 
local customer for this heating energy. 

This is where the idea of bio natural gas 
comes into play: imagine, for example, an 
indoor swimming pool heated with natural 
gas. The water in the pool is heated year- 
round. Far away in the countryside stands  
a big biogas plant, which processes its gas 
and feeds it into the natural gas network. 
Directly next to the pool there is a unit-
type heat and power plant fired with the 
transmitted bio natural gas. This allows 
heating of the water to a pleasant tempe- 
rature to the delight of the pool visitors. 
Plus, the electricity generated from a 
renewable source in the unit-type heat 
and power plant is fed into the electricity 
network and is also used elsewhere. Many 
applications of this type are conceivable. 
Engineer Göttlicher: "After feed-in into the 

natural gas network, generation and subse- 
quent use are decoupled in terms of both 
space and time. This enables us to signify- 
cantly increase the percentage of heat that 
is used and therefore also the overall effici-
ency of biogas utilisation." 

The fermenters – in other words, the bio- 
reactors – in Burgrieden produce around  
5 million m3 of biogas a year. In order to 
turn this into bio natural gas, the natural 
CO2 accounting for around 45% of the total 
volume has to be removed from the gas mix- 
ture. "This increases the share of methane, 
resulting in a higher calorific value", Gött- 
licher explains. "Steam and hydrosulphide 
are also removed from the gas." One special 
innovation directly benefits the climate: 
around 4% of the gas removed during the 
gas cleaning process is methane. A novel 

process captures the climate-damaging gas, 
which is then used for energy-saving heating 
of the fermenters. 

Last but not least, the gas pressure is adapted 
to the network pressure. At the end of the 
process, 2.8 million m³ of bio natural gas 
remain for feed-in to the network every 
year – enough of this renewable and climate-
neutral fuel to supply around one thousand 
households. These innovative concepts 
have not gone unnoticed, and the project 
won an award in the nationwide "Germany 
– Land of Ideas" competition. The technology 
won over the independent jury, who chose 
the project from around 1,500 entries. 



 

 

In a joint project with the Forestry Trial 
and Research Institute in Freiburg (FVA), 
the idea is to develop measures to combat 
potential nutrient deficiency in the forest 
soil. A further project geared towards the 
efficient use of wood forges links with the 
technical tradition of wood gasification. 

Biomass plays a central role in EnBW's 
sustainability strategy. Today, more than 
ten medium-sized heating plants and nine 
power plants in the EnBW power plant park 
are already fired using wood as an organic 
fuel, generating around 160 MW of heating 
energy for municipal heating networks and 
industry. Alongside this supply volume, there 
is also an electricity output capacity of 
around 54 MW from the cogeneration 
plants that generate both heating energy 
and electricity. As is the case with solar, 
wind and geothermal energy, the firing 
of wood is climate-neutral and wood is a 
renewable form of energy. The essential 
precondition for long-term use of this 
renewable energy source is sustainable 
forest management. 

 

  



 

This applies above all to the expansion of 
capacities. Take residual forest wood, for 
example: this is made up of the relatively 
thick branches that have been left behind 
and unused by the wood processing industry. 
"If this wood is collected for incineration in 
a power plant, then this deprives the forests 
of valuable minerals", says Dr. Gerold Gött- 
licher from the EnBW Research unit in Karls- 
ruhe. "Over time, this could result in a shift 
in the nutrient equilibrium in the forest soil". 
This is why we need further innovations – a 
wood-ash cycle, for example, to return the 
minerals to the soil. EnBW is currently 
testing a cycle of this kind together with 
the FVA. 

In many regions of Europe, liming helps 
to counteract over-acidification of the 
forest soil. In the wood-ash cycle project, 
ash from wood-fired power plants is mixed 
in with the lime used on the soil. "The main 
substances are potassium, phosphorus and 
calcium", says engineer Göttlicher – all of 
them minerals that are contained in the 
ash from the power plant. But not all ash 
components are suitable for use as forest 
soil fertilisers. "The only ash that has a 
sufficiently low pollutant concentration 
is the floor ash that falls through the grid 
during the combustion process in the 
power plant." The FVA has already used 
helicopters to scatter fertiliser with an 
ash content of 30% in the forests. Chem- 
ists previously tested the ash to check 
that contaminant concentrations were 
below harmful thresholds. These strict 

environmental requirements for the ash 
are based on FVA recommendations and 
also pose new challenges for the operation 
of power plants. Göttlicher: "In this project, 
we are learning to control wood combustion 
in such a way that the ash is subsequently 
suitable for forest soil fertilisation." 

We may soon see the comeback of a technical 
process for the simple combustion of wood 
which already experienced a kind of heyday 
back in the early 20th century – namely the 
wood gasifier. Cars equipped with systems 
of this kind were a common sight on German 
roads in the 1920s. They were recognisable 
by a drum-shaped unit mostly mounted on 
the rear of these gas-driven vehicles. At the 
time, these "mini reactors" used around  
3 kg of beech to generate the same amount 
of power as a litre of petrol. In chemical 
terms, wood gasification is an incomplete 
combustion process. Part of the wood is 
fired and supplies the heat required to 
convert the other part into "wood gas". This 
combustible mixture chiefly consists of 
hydrogen, carbon monoxide and carbon 
dioxide. Today, engineers no longer think 
of automobiles when they hear the term 
"wood gasification"; their aim is to convert 
the wood gas into electricity and heat in a 
unit-type heat and power plant. They are 
particularly excited about the high effi- 
ciency of this process. 

Together with EnBW subsidiary Stadtwerke 
Düsseldorf AG, Göttlicher is also working on 
this innovative technology. The trial facility 

near Wildshausen in the Sauerland region 
with its many forests generates an electrical 
output of 270 kW, enough to supply electric-
ity to around 500 households year-round, as 
well as 410 kW of heating energy. The facility 
needs an annual input of 1,800 tons of forest 
wood – the wood that results from forestry 
work. Before firing, the wood is broken down 
into chips and dried. What is new about the 
facility is the special process for cleaning the 
wood gas, as wood gasification produces not 
only charcoal and the desired fuel gas but 
also oil and tar – which, as shown in previous 
facilities, cause technical problems. The re- 
sulting contamination can, block the gasifier 
and necessitate frequent servicing of the 
unit-type heat and power plant. The engi- 
neers in Wildshausen are also always faced 
with new challenges, but Göttlicher is never- 
theless convinced that "wood gasifiers are an 
important option with an eye to the future." 



 

Around 99% of the inside of our planet is 
hotter than 1,000°C. A significant part of 
this energy is the result of the decomposi-
tion of radioactive elements in the earth's 
core – which represents a virtually inex- 
haustible source of energy. Work is ongoing 
in many countries around the world into 
ways of harnessing this enormous energy 
potential. The regions that are particularly 
suitable for this are typically associated 
with volcanic activity: Iceland, for example, 
where the geologists have recorded more 
than 30 volcanoes. Geothermal power plants 
cover around one quarter of total electricity 
requirements in Iceland. Worldwide, the 
installed electrical capacity of geothermal  
power installations is in the order of 9,000 MW. 

Even though the near-surface temperatures 
of the earth's crust are not quite as high 
here in Germany, geothermal energy is still 
an important option for the CO2-free gen- 
eration of electricity and heat. Geological 
surveys show that the temperature below 
our feet increases by an average 3°C or so 
with every 100 metres. As a result, holes 

 

  



 

need to be drilled to depths of several 
thousand metres in order to tap into the 
heat needed to drive a power plant; down 
in this region of the earth's crust, the tem- 
peratures are sufficiently high. The pre- 
ferred regions for geothermal energy in 
Germany are the North German Basin and 
the Bavarian Molasse Basin, which extends 
in a narrow strip along the northern edge 
of the Alps. Then there is the Upper Rhine 
Fault in the extreme southwest of Germany 
and in Alsace. The Office of Technology 
Assessment at the German Bundestag 
Parliament believes that it will be possible 
in the long term to exploit a geothermal 
potential that will make up around half of 
all electricity production in Germany. Their 
and other studies show that geothermal 
energy is also a key option in Germany  
for CO2-free generation of electricity and 
heating energy. 

The Upper Rhine Fault is located in the core 
supply territory of EnBW. The tempera- 
tures there increase particularly rapidly 
with increasing depth. The first geother-
mal power plant in Baden-Württemberg 
went into service at the end of 2009 in 
Bruchsal around 20 kilometres north of 
Karlsruhe. The power plant section of this 
pioneering facility for the environment-
friendly production of electricity was  
primarily funded by EnBW. 

The power plant has an output rating of 
550 kW, sufficient to provide 1,200 house-
holds with electricity. It makes use of the 
thermal water at a depth of around two 
kilometres. Every second, 24 litres of this 
energy-rich water with a temperature of 
120°C are pumped up to ground level. 
Through these geothermal activities, EnBW 
is taking up the challenge of integrating an 
important renewable form of energy in the 
energy mix of the future, but one which is 
still some way from market maturity com-
pared to hydroelectric power, wind energy 
and photovoltaics. 

The thermal water circulating in Bruchsal 
functions like in a giant heat exchanger. 
The heat is extracted from the rock via the 
large area that is in contact with the water 
and the plutonic rock. The heat is then 
converted into electricity using the Kalina 
cycle process. This innovative technique is 
based on the circulation of a pressurised 
ammonia-water mixture. This liquid ab- 
sorbs the heat, evaporates and drives a 
turbine connected to a generator for the 
purpose of producing electricity. Cooling 
water then causes the mixture to condense, 
thereby keeping the cycle process in motion. 
The advantage of this working fluid is that 
the low boiling point of the ammonia (-33°C) 

 

and its excellent solubility in water allow 
the adjustment of the boiling point of the 
ammonia-water mixture to local tempera- 
ture conditions and setting of this point 
to less than 100°C. This means it is still 
possible to make effective use of working 
temperatures of around 120°C at the location 
in Bruchsal. Under comparable pressure, 
pure water would not evaporate until it 
reached a temperature of 200°C.  

By the time the thermal water flows back 
into the soil of Bruchsal, it has given off a 
major part of its heat. For the engineers, 
the insights gained into the properties of 
the water "from the depths" during this 
process are of great interest, as the water  
is similarly rich in mineral content to the 
water from the Dead Sea. This raises issues 
relating to the plant hydraulics and the 
water chemistry. Another goal is to im- 
prove the understanding of the thermal 
interaction with the subsurface. The  
scientific cooperation partners in this 
project are the universities in Karlsruhe 
and Göttingen 

 



 

 

The power plants using hydrothermal 
sources like those in Bruchsal can exploit 
around 4% of the total geothermal poten-
tial in Germany. A further significant per-
centage can be tapped into using another 
technology known as enhanced geother- 
mal systems (EGS). EGS is a byword for 
improved geothermal systems in plutonic 
rock without hot water deposits. In this 
process, holes are also drilled down to a 
depth of several kilometres. Existing cracks 

and fissures in the plutonic rock are then 
widened – either by pressing water into the 
boreholes or by "stimulating" the subsurface 
by chemical means. Tiny fissures then open 
up millimetre by millimetre and greatly im- 
prove the permeability of the rock for the 
water. In order to achieve sufficient perme- 
ability in the hard rock over distances of 
several kilometres, large volumes of water 
are pumped into the subsurface over longer 
periods; this hydraulic stimulation process 
lasts anywhere between several days and a 
few weeks. This process creates a giant arti- 
ficial heat exchanger in the subsurface which 
serves as the basis for the extraction of the 
geothermal energy. 

EnBW is a central player in the development 
of this technology and chiefly cooperates 
with its French partners Electricité de Stras- 
bourg and Electricité de France. Further 
partners include the German Environment 
Ministry, the Federal Institute for Geo- 
sciences and Natural Resources in Hannover 
and several universities, including those in 
Karlsruhe, Strasbourg and Nancy (France) 
and Neuchâtel (Switzerland). 

The geothermal facility in Soultz-sous-Forêts 
in Alsace is the world leader in the develop- 
ment of EGS technology. It is located in the 
region that is home to the oldest European 
oilfields of Pechelbronn, where crude oil 
was pumped up to the surface for almost 
two and a half centuries. Both the geology 
of the formations all the way down to the 
crystalline layers of rock and the high tem- 
perature gradient were already known as a 
result of the oil drilling operations. The 
power plant that stands on the site today 
obtains its thermal energy from a depth of 
around 5,000 metres via an artificial water 
cycle. The temperature in the deep rock 
formations is as high as 180°C. The energy 
is forwarded to an Organic Rankine Cycle 
(ORC) process via heat exchangers. An 
organic fluid with a low evaporation tem-
perature is used as a circulating working 
fluid. The installed electrical capacity in 
Soultz is currently in the order of 1.5 MW, 
enough to provide electricity to around 
1,500 households, and there are plans to 
increase overall capacity to between 5 and 
6 MW. 



 

Geothermal power plants are springing up 
all over the world, particularly in Southeast 
Asia, Iceland, South America and the USA, 
and plants based on the EGS principle are 
seen as being the great hope for the future; 
a wide-ranging EGS programme was recently 
launched in the USA, for example. The en-
deavour to improve the cost-efficiency of 
geothermal plants stands and falls with the 
cost of drilling, which accounts for the lion's 
share of the overall investment. With its 
projects in Alsace and Bruchsal, EnBW 
intends to press on with promising tech- 
nologies for the generation of electricity 
from geothermal sources, as this idea is 
meanwhile close to the cost-efficiency 
threshold in Germany. 
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Coal is a substance that nature has been 
working on for a long, long time. It took 
eons for the dead forests from prehistoric 
times to transform themselves into this 
energy-rich raw material which is today 
mined from the earth. This prehistoric 
process for the creation of coal is complex, 
and the finer details of this process are still 
being researched. Chemists are now trying 
to kick-start nature, so to speak: they are 
developing a method that greatly accelerates 
the conversion of biomass. What once took 
millions of years is now to take place with- 
in just a few days, during which plant waste 
is transformed into a lignite-like substance. 
An EnBW research project has been launched 
to make effective use of this process. 

 

  



 

The process is called "hydrothermal carbon- 
isation". It sounds complicated but is in 
fact quite a simple concept, the aim of 
which is to directly convert foliage, green 
waste, straw or even pieces of wood into 
the coveted coal. The process is based on 
the work of the 1913 Nobel Prize Winner for 
Chemistry, Friedrich Bergius. Almost a full 
century later, researchers at the Max Planck 
Institute in Potsdam have picked up on his 
pioneering work; they describe their ex- 
periment as a "magic pot". The ingredients 
for this miracle: plant waste, water and a 
pinch of catalyst to speed up the reaction. 
The mixture boils away in a pressurised 
container at 180°C for at least 12 hours.  
The result is a black broth: artificial lignite 
mixed with water. 

It goes without saying that the researchers 
in Potsdam cannot really work magic. "It's 
certainly of interest as a laboratory expe- 
riment, but the method is not particularly 
well-suited to the technical applications we 
have in mind", says Dr. Leonhard Walz from 
the EnBW Research unit in Karlsruhe. "So 
we're looking for variants and optimisation 
options that would enable us to expand the 
process to bigger facilities." And it probably 
won't be long before they succeed. Walz: 
"The lab results are highly promising." 

It doesn't have to remain in a laboratory 
scale: the relevant biomass potential is 
available. Every year, Berlin produces 
50,000 tons of plant waste, with a figure  
of around four million tons for Germany 
as a whole. 

The researchers in Karlsruhe have come  
a lot closer to the large-scale use of the 
hydrothermal carbonisation method. The 
laboratory reactor also operates under 
pressure, in a vacuum and at high tem- 
peratures – but, in contrast to the "magic 
pot", it is continuously fed with biomass, 
and this is an important basic condition 
for cost-effective plant operation. 

A series of meticulous experiments un- 
earthed a further method for acceleration 
of the chemical reaction. "We can mean- 
while use this process to achieve the de- 
sired result in a matter of minutes", says  
a delighted Walz. A further innovation:  
the synthetic coal is mainly dry and has  
a residual moisture of just a few percent.  
A bigger facility will soon go into operation 
to step up the continuing development of 
this process to make it feasible in practice. 

This technology opens up a wide range of 
options. Alongside plant waste, fermentation 
residues (in other words, liquid or solid 
residues left over from the operation of 
biogas plants) can also be fed into the 
reactor and converted into coal. In addition 
to the climate-neutral use of this artificial 
coal for energy generation, a totally different 
application is also conceivable: the long-
term storage of carbon. Walz: "Once the 
biomass has been turned into coal, it is no 
longer subject to the natural rotting process. 
This means it can no longer release any 
carbon dioxide. This is equivalent to a 
carbon dioxide sink." This may sound like 
"pie in the sky" today, but it should not be 
forgotten that technical innovations are 
essential to ensure effective climate pro- 
tection. And this means we will have to 
tread new paths. 

 



 

Better Control of Consumption  

and Generation with the Smart Grid

Smart grid – this is the name given to an intelligent 

system for the electricity network which allows easier 

control, and therefore more intelligent matching, of 

local consumption and generation. In a model project, 

EnBW is testing the potential of the intelligent network 

together with consumers and generators. Above all,  

the aim is to determine how renewable energy can be 

integrated in the network and made available to local 

users. This idea makes an important contribution  

towards reducing greenhouse gas emissions and  

cutting costs. You will find information on this concept 

on the following pages. The share of renewables in  

overall energy supply is increasing all the time.  

This means it is all the more important to be able to  

effectively offset the naturally fluctuating availability  

of these sources of energy. This is made easier with  

higher numbers of controllable feed-in entities and 

controllable consumption appliances in the network.  

In this connection, we will also be profiling the develop-

ment of new mini power plants and the improvements 

being made in the area of geothermal heating for the 

household. Further topics include advances in the field 

of environmental protection and in the reliability of the 

electricity networks – in winter, for example, when it is 

important to detect ice loads on overhead cables.



 

 



 

The first milestone was reached at the end of 
2009, when EnBW was able to report the first 
100 participants in its MeRegio (Minimum 
Emission Region) model project supported 
by the German Economics Ministry. The aim 
is to interconnect electricity generation from 
renewables, the feed-in and distribution of 
this energy via the networks and the con-
sumers in a more intelligent way and to 
the benefit of all concerned: this will ensure 
that the energy supplier can plan electricity 
production more effectively and in a more 
balanced manner, that the network operator 
can optimise capacity utilisation in the 
infrastructure and that the consumer can 
save money –for example, by using the 
washing machine during a cheaper tariff 
period. 

This systematic link-up between electricity 
providers and electricity customers also 
paves the way for improved integration of 
decentral energy generating units – from 
photovoltaic systems and wind energy 
installations all the way to unit-type heat 
and power plants – in the network. In this 
connection, it is worth remembering that 
the Baden-Württemberg state government 

 

  



 

has stipulated that around 20% of total 
electricity volume must be generated from 
renewable sources by the year 2020. 

As carbon dioxide is not really a factor  
in the energy generated from wind, water 
and solar power, greater use of renewable 
energies by the consumer is tantamount 
to a reduction in carbon dioxide emissions. 

But the practice is not quite as simple as the 
theory: wind and solar energy are irregular 
sources of power and are generally not in 
sync with consumption habits. The energy 
companies have to fill any supply gaps with 
electricity from controllable power plants. 
The MeRegio project therefore attempts  
to influence utilisation habits based on a 
supply-and-demand concept: when the 
yield from renewable energy sources is 
high, private customers and companies are 
provided with tariff incentives to actually 
make use of this electricity. 

The EnBW "energy traffic light", a small 
display measuring around 10 by 10 centi- 
metres, shows when electricity is cheapest. 
A bar chart depicts the three-tier tariff over 
the course of the day: between 15.8 ct per 
kilowatt hour very early in the morning and 
22.3 ct per kilowatt hour in the afternoon 
(correct as of January 2010). The display is 
sent the tariff information – up to one and 
half days in advance – via a pager signal 

with national coverage. In the model, the 
distribution of the low-price energy pe- 
riods depends on the regional availability 
of renewable energy and can therefore 
vary on a daily basis. Customers simply 
need to glance at the energy traffic light 
and can then instantly adapt their electri- 
city consumption to the pricing structure  
of their energy supplier. 

The centrepiece of this system is EnBW's 
intelligent electricity meter, which not 
only provides the end customer with an 
overview of power consumption in the 
household but which also sends an electri- 
city consumption report to the supplier 
every 15 minutes via a data interface for 
billing purposes. All the end customer 
needs is a DSL router to access the Internet. 
From the intelligent electricity meter, the 
data set is forwarded via a Powerline con- 
nection to the router. Powerline is a special 
technology which modulates the data onto 
the electricity cables in the household and, 
in a manner of speaking, sends this data 
from the electricity meter to the power 
socket of the router. The router then sends 
the data packages to the energy supplier's 
control centre. 

 

Via a dedicated Web portal – EnBW Strom- 
Cockpit – customers can monitor their elec- 
tricity consumption exact to the quarter 
hour, obtain tariff information and identify 
energy guzzlers. This analysis tool is also 
an interesting proposition for companies, 
as energy can be a major expenditure item 
in sectors like the manufacturing industry. 
What is generally even more important for 
the customer – and only locally possible in 
the household – is real-time analysis via the  
purpose-designed EnBW StromRadar soft- 
ware to show such things as the effect of 
standby power consumption on electricity 
costs. 

Within the framework of the MeRegio 
project, the project partners are focusing 
on two model regions to determine how 
household customers and commercial 
businesses use these instruments. A choice 
was made in favour of the Göppingen 
region, as it possesses a highly developed 
network infrastructure and its industrial 
make-up is determined by high number of 
small and medium-sized companies. The 
80 participants in Göppingen to date also in- 
clude small and medium-sized companies. 

The MeRegio partners were able to interest  
a further 20 participants in Freiamt/Etten- 
heim, a rural region in the Black Forest, in 
the period up to December 2009. The electri 
city network in this region is not very close-



 

knit, as MeRegio project leader Hellmuth 
Frey from EnBW in Karlsruhe explains, and 
is basically operating at the limit. At certain 
times, the feed-in options for electricity from 
renewable sources are already exhausted.  
If the feed-in volume were to increase, the 
network voltage would leave its tolerance 
voltage corridor of 230 volts plus/minus 10%. 
For MeRegio the region in the Black Forest is 
therefore a model for how a network opera 
tor can improve capacity utilisation in his 
supply network through the intelligent 
integration of power supply and demand. 

EnBW maintains contact with the customers 
and also operates the networks as well as 
providing the meters. Electrical and auto- 
mation specialist ABB supplies the network 
technology and develops network manage- 
ment concepts for the operational side of 
activities. IBM is developing a central data 
platform to handle the data, as the electri- 
city meters and other reporting devices 
produce a great deal of data which needs to 
be stored and processed. It is also necessary 
to define access authorisation to the in- 
formation and ensure data protection. SAP 
is developing the software for a trading 
platform on which the energy generators 
and customers – and in future perhaps 
also the end customer – can negotiate 
energy volumes and prices. 

The Systemplan company provides advisory 
services for commercial and industrial 
customers: Systemplan experts analyse  
the production routines in the companies 
and identify how much electricity a spe- 
cific process requires at any given time.  
If the rescheduling potential for machine 
operating times is known, companies can 
react flexibly to electricity tariff periods 
and therefore reduce their energy costs. 

It should in future be normal for households 
to schedule the operation of appliances in 
periods in which electricity is cheaper. Many 
household appliances like washing machines 
or refrigerators are already fitted with inter- 
faces that allow the use of external informa- 
tion to optimise operating characteristics. 
Via the intelligent electricity meter, for ex- 

ample, the washing machine can be switched 
on during a lower tariff period. Even a refrige- 
rator or freezer doesn't have to cool its con- 
tents around the clock but operates at fixed 
intervals that create a certain amount of flex- 
ibility and allow "energy parking" at times 
when a high volume of renewable electri- 
city happens to be available in the region. 

The core focus of MeRegio is to supplement 
the entire value added and process chain 
from energy generation via the networks all 
the way to the end customer through the 
addition of a parallel-installed data infra- 
structure. The system of energy supply will 
become increasingly decentral. Traditional 
end customers, households for example, feed 
their own electricity into the network from 
photovolatic installations. Project communi- 
ties and investors are in the process of plan- 
ning wind power facilities and are also inter- 
ested in access to the network infrastructure. 
In future, electric cars will "fill up" via a power 
socket and will be able to serve as inter- 
mediate storage units for electrical energy. 
The integration of the many players in the 
electricity business is designed to make it 
easier to balance energy supply and energy 
demand. 

This integration and interconnection pro- 
cess will lead to the creation of "Minimum 
Emission Regions", where the consumers 
use electricity with a high level of efficiency 
and can increasingly use decentrally gene- 
rated renewable electricity via an intelligent 
network infrastructure – and this in turn 
positively impacts the CO2 balance. Research-
ers at the Karlsruhe Institute of Technology 
(KIT) are analysing how successful this con- 
cept is by evaluating the recorded raw data 
from ongoing project operations. They feed 
the data from the test households and  
companies into their simulation programs 
and use this sample data as a basis for com- 
piling projections for the energy use and  
CO2 balance of the entire region. 

The regions – municipalities or districts – can 
apply for certification based on the findings 
of these analyses. Positive findings can boost 
the image of the region for marketing 
purposes. If the findings are unsatisfactory, 
then the prospect of certification acts as an 

incentive to improve the situation. KIT is 
currently developing the certificate and the 
assessment matrix. One possible "role model" 
is the energy label used for household appli- 
ances which grades product energy efficiency 
in categories ranging from A++ down to G. 

Project leader Frey is confident that the 
project consortium will master the technical 
challenges of MeRegio but emphasises that 
the social aspects are also important: how 
will the customers respond to the new 
options? Will they accept them or are they 
too complicated? The participants in the 
project include an above-average number 
of technically minded people, so-called
"early adopters", but the interface to the 
customer still needs to be as simple and 
intuitive as possible. Frey's team therefore 
intends to develop a separate application 
for personal digital assistants (PDA) before 
the end of 2010. This would add a kind of 
playful dimension to the generally un- 
emotional dealings of customers with their 
electricity supply. 

The project entered its first phase in Novem- 
ber 2009 with around 100 test customers 
and first-time data recording via the intelli- 
gent electricity meter. A total of 1,000 custo- 
mers from private households and industry 
are to be encouraged to take part in the pro- 
ject in the two model regions of Göppingen 
and Freiamt/Ettenheim up to 2012. In 2010, 
the focus is on the automated connection of 
end-user appliances in the household and 
decentral electricity generators via "control 
boxes". Later on, the plan is also to install 
electricity storage devices, batteries for ex- 
ample, in selected households. In the ensuing 
period up to 2012, all the links in the value 
added chain – from generator via network 
operation to household – will then be con- 
nected up and the project will enter the 
model trial phase. Researchers at KIT will 
evaluate the resulting data. Based on the 
findings, the project partners then intend  
to develop business models that provide 
access to wider customer groups – by offer-
ing the intelligent electricity meter for the 
individual household and the option of 
evaluating and improving the energy 
efficiency of an entire region. 



 

 

 

 



 

In the spring of 2008, a special transformer 
was installed in Teinach in the Black Forest 
that steps the voltage down from 110 to 20 kV. 
This is the first transformer in which the 
windings are insulated using vegetable oil, 
so that an environment-friendly and renew- 
able raw material replaces the mineral oil 
that would otherwise be used. 

High-voltage transformers weigh between 
70 and 300 tons and contain anywhere from 
around 15 to 80 tons of insulating fluid. 
This fluid allows the high-voltage windings 
to be positioned just a few centimetres from 
one another without the risk of an arc caus- 
ing a short-circuit. EnBW operates around 
600 of these transformers in its network. 

The "organic oil transformer" has been work- 
ing without any problem since the project 
began. The technicians and scientists are now 
carefully monitoring the installation to de- 
termine how stable and aging-resistant the 
vegetable oil is. The transformer is housed 
in a hermetically sealed oil boiler to ensure 

 

  



 

that the processed soy oil is not altered due 
to contact with oxygen. 

The researchers intend to ascertain how 
"healthy" the transformer is by analysing 
the composition of the oil. Project leader 
Michael Schäfer compares the process to 
examining a blood panel. Based on physic- 
cal and chemical data like the surface 
tension of the oil or the type and quantity 
of dissolved gases, the researchers believe 
they can draw conclusions regarding dis- 
charge processes or hot points in the trans- 
former and therefore measure its "health". 

Parallel to this, researchers at Stuttgart 
University are generating arcs through the 
vegetable oil in the laboratory. They are 
looking for cleavage products in the trans- 
former oil which would supply information 
on critical operating statuses. The concen-
tration of the gas acetylene would be one  
 

such analysis parameter. If it increases, then 
the technicians know they need to take a 
closer look at the oil and the transformer. 

Based on an operating temperature of 
around 100°C, a network transformer 
should have an operating life of around  
40 years. As the load fluctuates during the 
course of the day, the oil temperature also 
moves between ambient temperature and 
a maximum 140°C – thereby reducing the 
operating life of conventional transformers. 
In the vegetable oil transformer in Teinach, 
on the other hand, the researchers in the 
oil lab of cooperation partner Siemens have 
not measured any signs of aging to date. 
Not just that: the vegetable oil can be sub- 
jected to higher thermal loads than mineral 
oil. This means the transformers are more 
efficient or could even be built in a more 
compact design than conventional trans- 
formers – another positive impact on costs. 

The use of vegetable oils as environment- 
friendly media in transformers means EnBW 
can continue to operate its substations even 
in areas where environmental regulations are 
particularly strict – near water conservation 
areas, for example. EnBW is looking into elec- 
tricity converters as a further potential field 
of application for these vegetable oils. These 
devices measure the flow of electricity at 
the high-voltage level. 

Overhead cables are exposed to all manner of 
weather and have to be designed with a high 
level of safety reserve due to the extreme 
conditions that can occur. But what happens 
if an overhead power line becomes iced up, 
when wet snow and constant wind lead to 
an ice coating with a thickness of several 
centimetres around the cable? This ice can 
pull down on the line between two masts 
with the weight of a small car. 

The network operators know the critical 
points with high potential ice loads, but there 
is no cost-efficient method of automatically 
detecting this kind of ice formation. Together 
with researchers from the Karlsruhe Institute 
of Technology (KIT), EnBW is taking a closer 
look at the critical points on two overhead 
cable sections in the Black Forest. The re- 
searchers are feeding a high-frequency signal 
into the high-voltage lines to see how this 
signal changes when ice forms. This is no 
easy task, as an overhead cable acts like an 
antenna, tapping into and interfering with 
many other alternating electromagnetic 
fields – such as the time signal for radio- 
controlled clocks or radio stations. Then there 
are the problems caused by the fact that the 
measurements take place at a voltage of 
110,000 volts. 

The researchers now intend to refine the 
evaluation process so that they can reliably 
detect and localise ice loads. The network 
operators will then be able to operate the 
affected section in "thaw mode" from the 
control centre: to do this, they pool the flow 
of electricity on an overhead cable system, 
which then heats up and melts the ice. This 
means that the service team only has to drive 
to the location and use long rods to knock the 
ice off the shutdown line in extreme emer- 
gencies. Fortunately, says project leader 
Jürgen Backes, this is seldom necessary. 



 

 

Most large-scale power plants not only 
supply electricity but also use the waste 
heat and feed it into heating networks 
wherever this is technically and economic- 
ally feasible. In the lower-level output range 
of household energy supply, high start-up 
costs have generally been the main obsta-
cle to energy generation based on the heat- 
and-power cogeneration concept. There were 
simply no systems that were suited to the 
needs of single and two-family dwellings. 
During the last few years, however, pilot 
plants using different technologies have 
been undergoing trials with the aim of 
developing units that are suitable for use 
in the boiler room of individual houses. 

 

Stirling engines, gas motors and fuel cell 
heating units hold great promise as units 
that could be used for decentral energy 
generation in private households. Small 
turbine systems could also have potential 
in the medium term. The mini power plant 
in the cellar not only provides heating for 
the building like a conventional heating 
unit but also generates electricity that can 
either be used in the house itself or fed 
into the network. These units are highly 
efficient and use up to 90% of the energy 
contained in the fuel. The only problem is 
that these units are still expensive pilot 
units. The challenge we face now is there- 
fore to step up the development of the 
prototypes and small-scale series with the 
aim of creating a sophisticated, practicable 
and affordable solution. For a number of 
years now, EnBW has been involved in 
demonstration projects in different output 
categories geared towards reducing the 
cost of decentral energy generation using 
fuel cells and other innovative techniques. 
We are also looking into how motors and 
small gas turbines can be adapted to use 
renewable fuel gases like biogas. In the 
higher output range, the development 
experts also hope to achieve further effi- 
ciency boosts by combining fuel cells and 

 

  



 

gas turbines. One thing is certain: decentral 
energy generation will play a key role in 
the intelligent networks of the future, as 
this process is not only efficient but also 
controllable. This is why EnBW and its 
partners are working full-speed on market-
able solutions. 

Fuel cells convert the energy of the fuel gas 
directly into electricity and heat without 
the need for a conventional combustion 
process in an engine. This has its advantages: 
the ratio of electricity to heat yield increases 
markedly in favour of electrical current. 
Moreover, the special way in which the 
energy is converted releases fewer air 
pollutants. A third benefit is less noise – as 
fuel cells do not contain any moving parts. 

In a fuel cell, the high volume of hydrogen 
in the natural gas reacts with oxygen in the 
air. This produces direct current, which is 
converted into alternating current and fed 
into the network. The waste heat occurring 
during this process is used for heating and 
water heating in the household. 

Today, the electrical efficiency of these fuel 
cell pilot plants is in the region of 30%, 
which is already higher than some conven- 
tional cogeneration technologies with 
comparable outputs. Based on a thermal 
efficiency of around 60%, this supplies an 
overall efficiency rate of 90% and more. 
Markus Edel from EnBW is responsible for 
the Callux project. He estimates that "the 
simultaneous generation of electricity and 
heat in the fuel cell reduces CO2 emissions 
by around 30% compared to a conventional 
gas heating unit." 

Fuel cell heaters fill a gap by also making 
high-efficiency cogeneration techniques 
suitable for use in single and two-family 
dwellings. Previous cogeneration units were 
generally too big for private households, 
whereas the new fuel cell heaters with a 
heating output of around 2 kW ideally meet 
the energy needs of single and two-family 
dwellings. "The fuel cell covers a large part of 
the building's heating needs. The supplemen- 
tary burner integrated in the unit takes care 
of the rest – above all during the colder part 
of the year", the mechanical engineer adds. 

In order to allow use of the existing infra- 
structure, the current generation of fuel 
cell heaters are designed to run on natural 
gas. The unit internally generates the hy- 
drogen it needs for the chemical reaction 
from natural gas. The reason natural gas is 
also ideal for use as a fuel gas in fuel cells is 
that it has the lowest carbon content of any 
fossil fuel, and this translates into environ- 
ment-friendly use with particularly low 
pollutant emissions. Today, processed biogas 
is already being added to the natural gas in 
several regions, and this means fuel cells 
and motor-driven unit-type heating and 
power plants have even greater sustainability 
potential thanks to the use of renewable 
sources of energy. 

EnBW, several producers and other German 
energy supply companies are involved in 
the nationwide Callux research project, in 
which around 800 fuel cell heating units 
are being installed in private households 
for trial operation. The prototypes all use 
natural gas as a source of energy and were 
made by different manufacturers. 

EnBW launched its own fuel cell programme 
back at the end of 2001, and this programme 
is now being continued in the Callux project. 
Up to now, EnBW has installed just under 
40 systems for its customers and intends 
to increase this number to 222 by the end 
of 2012. To date, "Callux" is the biggest field 
trial in the area of fuel cell technology in 
Germany. 



 

Operation of the pilot plants is being 
monitored and evaluated on an ongoing 
basis, and the findings will be used to 
further optimise the technology, simplify 
the systems, minimise service and main- 
tenance requirements and therefore greatly 
reduce the cost of the units in the coming 
years. One of the key challenges is to ex- 
tend the service life of the fuel cell stack, 
one of the core components of the system. 
The progress that has already been made 
in this area gives cause for optimism: "We 
are working towards market launch of the 
systems by 2015", says Edel. "This is why we 
are also drawing up concepts in the Callux 
project which will ensure that the trades 
are familiarised with the new technology 
in a timely manner in a logical step-by-
step process." 

Another cogeneration technique could well 
gain ground in years to come in the segment 
of large buildings like residential complexes 
or industrial plants. This technique uses a 
microgas turbine instead of a combustion 
motor and can be operated with a wide 
variety of fuels – not just natural gas but 
also biogases, landfill gases or even wood 
gas. Although these gases have a relatively 
low calorific value, they are a renewable 
source of energy and therefore spare the 

climate. A further advantage of microgas 
turbines is that they seldom need servicing 
as they only possess one moving part – a 
small turbine. This turbine can even be 
mounted on air bearings, which means it 
doesn't need any lubricants.

The functional principle of microgas tur- 
bines is similar to that of turbochargers 
used in cars or trucks. In this type of motor, 
hot motor exhaust gases drive a turbine 
mounted on the same shaft as a compressor.
The compressor is set in rotating motion 
by the turbine and forces air into the motor 
cylinder under extremely high pressure:  
as a result, the motor can burn more fuel 
per stroke and this means higher output. 
In the microgas turbines currently being 
researched by EnBW, the motor gas is 
replaced by hot gas from a combustion 
chamber or some other heat source; the 
hot gas drives the turbine, which then 
generates electricity and waste heat. The 
utilisation of this waste heat turns the unit 
into a cogeneration unit. 

Microgas turbines cover a large perform- 
ance range: they generate between 3 kW 
and 200 kW of electricity as well as a heat 
output of between 6 kW and 700 kW. To-
gether with the German Aerospace Centre 
(DLR), EnBW is currently conducting re- 

search on microgas turbines with an elec- 
trical output of around 100 kW. The DLR 
has set up a testing system for this purpose 
in Stuttgart and is developing different 
combustion chambers for the various fuels. 
The aim of the joint project is to increase 
the efficiency of microgas turbine heat and 
power plants, which will then also be more 
environment-friendly and more cost-
effective. 

The efficiency of a microgas turbine in- 
creases parallel to the average temperature 
in the combustion chamber. Increasing 
this temperature and maintaining it at a 
constant level is therefore a key objective 
of research and development work. In order 
to achieve this goal, the interplay of ave- 
rage temperature, the temperature spikes 
and the properties of the combustion 
chamber material has to finely aligned. It is 
possible to significantly increase the average 
temperature in the combustion chamber  
if the fuels are evenly combusted and if 
temperature spikes that could pose a major 
threat to the combustion chamber material 
are avoided. The researchers are experi- 
menting with flameless oxidation with 
this aim in mind. 

"We believe we can achieve an electrical 
efficiency rate of between 33 and 35% with 
flameless oxidation", says Dr. Gerold Gött- 
licher from EnBW's Research unit. This means 
the microgas turbines would have an effi-
ciency rating that matches that of motor-
driven cogeneration systems in this per- 
formance class. 



 

In principle, microgas turbines can also be 
operated with biogas. As this gas has a lower 
calorific value than natural gas, it would be 
necessary to significantly increase the effi- 
ciency level. EnBW and the DLR are also 
working together in this field and adapting 
a natural gas combustion chamber for biogas 
operation. The combustion chamber needs 
to burn more biogas per time unit than 
would be the case with natural gas. The 
challenge is therefore to alter the design  
of the combustion chamber to ensure opti- 
mum functioning despite the higher volume 
flows. The first trials using synthetic gases 
are currently underway. 

"We are also monitoring the project from 
an energy efficiency standpoint", says 
Göttlicher, as, if cogeneration using micro- 
gas turbines is ever to be marketable, the 
price will have to far lower than it is at pre- 
sent – possibly by making use of the highest 
possible number of standard components. 
"During the next five years, we want to 
develop microgas turbines to a stage that 
will enable EnBW to put a pilot plant into 
continuous-duty operation and achieve 
cost-efficient functioning of this technology", 
says Göttlicher. A plant engineering firm 
interested in subsequent series production 
of the systems should also be involved in 
this demonstration project. 

Based on the wide-ranging experience they 
have gained in the field of fuel cells, the EnBW 
and DLR experts have now set themselves 
the target of developing a cogeneration unit 
with an electrical efficiency in excess of 70%. 
They hope to achieve this extremely high 
efficiency rating by combining a microgas 
turbine with a high-temperature fuel cell. 

The fuel cell takes in the compressed and 
hot air and uses it to generate electricity. 
The hot waste gas from the fuel cell drives 
the microgas turbine, which uses this gas to 
produce electricity and waste heat. The idea 
is then to use the waste heat for heating 
purposes. Thanks to the utilisation of the 
waste heat, the overall efficiency of the unit 
will be even higher than 70%. The energy 
contained in the natural gas will be used 
with an extremely high level of efficiency 
in this multi-phase process. The DLR is 
currently testing this system with a unit 
designed to simulate a high-temperature 
fuel cell. Parallel to this, the DLR is devel- 
oping a high-temperature fuel cell to be 
integrated in the system at a later date. The 
system with an output rating of around 
100 kW could be used for residential com-
plexes or industrial plants. 

EnBW is researching a broad range of effi-
cient systems for decentral energy genera-
tion, and all of these systems are based on 
the cogeneration principle. Together with 
our partners, we are developing and inves- 
tigating systems both for one and two-family 
dwellings as well as for larger buildings and 
companies. We are also looking at various 
different fuels and technologies, from con- 
ventional natural gas all the way through 
to renewable energy sources like biogas or 
landfill gas. In all these projects and devel- 
opments, the core aim is to make decentral 
generation more attractive from a financial 
point of view, not least due to the ever more 
important role it will play in the intelligent 
networks of the future. 

 



 

 

Room heating eats up more than one third 
of total energy consumption in Germany. 
In other words, this is an area with major 
potential for fossil energy savings and there- 
fore the reduction of climate-damaging CO2 
emissions. EnBW is backing geothermal 
energy as a future-oriented form of power 
supply and is developing this technology 
on an ongoing basis. Several innovation pro- 
jects are aimed at optimising the provision 
of geothermal energy and developing new 
applications and locations for this renewable 
energy source. 

Geothermal energy represents a gigantic 
reservoir of natural heat. "Like solar energy, 
geothermal energy is to all intents and pur- 
poses inexhaustible", says Dr. Thomas Kölbel, 
a geologist from EnBW's Research unit who 
is committed to harnessing this energy po- 
tential for general use in an efficient way. 
EnBW's geothermal research projects focus 
not only on the heating and cooling of resi- 
dential and office buildings but also on road 
safety in winter and ensuring the sustainable 
and environmentally sparing operation of 

 

  



 

geo-thermal installations in locations where 
subsurface conditions are problematic. 

The goal of a research and development 
project completed in 2009 was to provide 
an ecologically compatible and cost-effective 
heating supply using geothermal energy. 
During this project, an entire new residential 
estate in March-Huchstetten near Freiburg 
was connected to a "cold local heat" system, 
and a water piping system distributed 
groundwater to 154 planned residential units. 
The homeowners can use the infrastructure 
to operate a groundwater heat pump and 
thereby take advantage of the geothermal 
energy contained in the groundwater. This 
saves them between 7,000 and 10,000 €  
– as this is what it would cost to excavate 
their own groundwater well to supply the 
geothermal water to the heat pump. 
 
 

The water flows from a central well system 
on the edge of the estate through the pipe 
system to a central injection well unit at 
the other edge, where it is fed back into the 
aquifer. In this way, EnBW organises the 
extraction and distribution of the water as 
well as the return feed of the water into the 
ground. The fact that all the residential 
units are incorporated in the system has 
several advantages. The size of the system 
is matched to the groundwater requirements 
of the heat pumps on the estate and there- 
fore saves energy compared to one-off solu- 
tions. Conventional groundwater wells are 
far too big for a one or two-family dwelling, 
as they are designed to recirculate around 
20 litres of groundwater a second. The heat 
pump of a house with heating energy re- 
quirements of around 10 kW needs only  
1 litre or so of groundwater per second.  
The distribution network of EnBW and the 
elimination of oversized recirculating pumps 
allow more energy-efficient operation of 
the heat pumps. 

An even more important advantage of the 
supply network developed by EnBW is that 
it prevents thermal short-circuits. This kind 
of short-circuit can occur if there are two 
or more groundwater wells in the vicinity, 
as the operator of the "upstream" heat pump 
in the groundwater flow takes the thermal 
energy away from his "downstream" neigh- 
bour. After the heat has been extracted, the 
former then pumps water that is then 
several degrees colder back into the earth 
stratum carrying the water. The groundwater 
is then colder from well to well along the 
groundwater flow chain, and this means 
that heat extraction at the end of the chain 
is far less efficient than at the beginning. In 
the plant in March, the groundwater is not 
pumped back into the earth until it has 
flowed past all the houses and is therefore 
"downstream" of them. "Because a large 
volume of water flows through the pipe 
system, the temperature of the water de- 
creases by only a few tenths of a degree 
along the chain", Kölbel explains, adding 
that this has been confirmed by computa-
tions. 

The calculations of EnBW researchers also 
show that the plant in March can generate 
a total heating output of 800 kW. Compared 
to the average consumption of energy forms 
used in the German heating mix (in other 
words, for the supply of heating energy), it 
saves an annual 1.8 tons of CO2 per single-
family dwelling. This means the people of 
March not only spare the climate but also 
pay less for their heating than users of 
conventional gas heating systems. The 
homeowners pay a one-off connection fee, 
and the heating costs are measured by a 
water meter that records the flow volume. 



 

The facility does not harm the environment, 
as shown by hydraulic model calculations 
prepared by the researchers at EnBW and 
their colleagues at the Karlsruhe Institute 
of Technology (KIT). "The groundwater is 
hardly lowered at all at the extraction point 
and is hardly raised at the injection well", 
says Kölbel. The hydraulic models have 
proven their reliability in practice, and on-
site measurements have confirmed the 
findings, Kölbel emphasises. 

The concept for the supply of groundwater 
heat to houses is particularly suited to new 
residential areas, as the laying of the water 
pipes can be coordinated with the laying of 
electricity and telephone cables, and this 
saves money. Locations in the Rhine Fault 
region and in river valleys are especially 
suitable for this. 

Groundwater pumping is not the only 
method of using geothermal energy. One 
standard technique involves geothermal 
probes that transfer the geothermal energy 
to a water cycle around 100 metres down 
in the ground; this water cycle then forwards 
the thermal energy into the residences via 
a heat pump. EnBW uses this method to  

obtain geothermal energy for all of the 
buildings in EnBW-City in Stuttgart as well 
as for the EnBW locations in Biberach and 
Herrenberg. Thousands of geothermal 
probes are also used to extract heating 
energy all over Germany. 

There is a further method for the exploita-
tion of geothermal energy which is not yet 
a "standard": the CO2 ground probe. This 
method exploits a simple physical principle 
– namely that a liquid absorbs heat when it 
evaporates. If the steam cools and condenses, 
it gives off the heat it absorbed during eva- 
poration once again. The CO2 ground probe 
mainly consists of a flexible pipe with a 
helically undulated wall. The pipe is inserted 
vertically in the ground – generally 30 to 
60 metres deep. The pipe contains CO2 
under a pressure of around 20 bar. Under 
these conditions and at low temperatures, 
CO2 takes on liquid form. It runs along the 
helical channel down the wall of the pipe 
deep down into the soil, where it is heated 
by the geothermal energy; it then evapo-
rates and absorbs geothermal energy. The 
CO2 rises and the energy is extracted from 
the gas in a heat exchanger. The steam 
condenses, and the released heat can be 
utilised by a heat pump. 

A one-family dwelling generally needs 
three such CO2 ground probes to meet its 
heating requirements. As the probe heads 
containing a heat exchanger are extremely 
expensive, it is often not feasible to employ 
this technique. EnBW has therefore devel- 
oped a CO2 ground probe that extracts so 
much heat from the ground that one probe 
per house is sufficient. The researchers at 
EnBW achieved this by drilling to far greater 
depths than is normally the case. Their probe 
extends down to a depth of 250 metres, 
where it is far warmer. Consequently, the 
CO2 can absorb more heat, and this has 
benefits in terms of cost. 

The greater depth and the resulting higher 
temperatures call for a different technical 
design, however. To ensure that the CO2 
does not evaporate half way down or that 
the liquid film does not tear en route, the 

pipe diameter, the pressure and the volume 
of CO2 need to be precisely coordinated  
– and then the process works. Since January 
2009, the system has been covering a 
major part of the heating requirements of 
a big farm in Triberg in the Black Forest. 
EnBW is taking measurements to determine 
whether the system meets all the expecta- 
tions. The initial results provide convincing 
confirmation of the efficiency of this method. 

A system requiring no external energy input 
and that keeps roads or even starting and 
landing runways at airports free of ice and 
snow could be another highly beneficial 
application for CO2 ground probes. The 
functional principle is the same as in the 
CO2 ground probe described above – the 
main difference being that this "road  
heating" is designed to work without a heat 
pump and therefore without any energy 
input. It becomes active as soon as the 
temperature nears freezing point, as the 
pressure in the pipe system is set so that 
the CO2 gas condenses shortly before the 
frost sets in. 

Probe head

Backfill mass

CO2, liquid film
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It doing so, it gives off heat, and this melts 
the ice and snow on the road or runway. 
The liquid carbon dioxide follows gravity 
back down into the depths, where it heats 
up, evaporates and rises back up to the top 
in gaseous form. It condenses again on the 
cold surface, and the cycle begins all over 
again. This self-sustaining cycle doesn't 
need any pumps. 

A system of this type is currently being 
installed in the access road to the local fire 
station in Bad Waldsee in the Ravensburg 
district within the framework of an EnBW 
research project. In future, CO2 ground 
probes could be installed at accident hot-
spots – in especially hazardous bends, for 
example. At airports, the system could 
help to save the millions of euros in flight 
cancellations due to iced-covered starting 
and landing runways. 

A further research project is looking into 
the sustainable and ecologically compatible 
operation of geothermal probes in locations 
with problematic subsurfaces. In some 
locations, underground cavities or crevices 
make it difficult to properly re-seal the holes 
drilled for geothermal probes – and it is 
important to prevent groundwater from 
entering the borehole as well as to prevent 
surface water mixing with groundwater. 
The sealing materials that are currently  

available do not work satisfactorily at all 
locations. Together with specialised suppliers 
and the scientists at KIT, we have therefore 
developed a new filling material made of clay 
pellets that also ensures permanent sealing 
of the borehole even under these difficult 
conditions. 

The clay pellets expand when they come 
into contact with water and reliably seal the 
cracks and crevices around the borehole right 
down to the smallest cavity. This material 
also automatically seals off leakages. 

But the sealing material needs to be able to 
do even more. It should transmit heat to the 
probe as effectively as possible. A graphite 
additive ensures that the material retains a 
high heat conductivity and therefore under- 
pins the high efficiency level of the geother 
mal probe. The NewFill sealing material is 
currently being tested in a primary school 
in Ispringen near Pforzheim. 

The EnBW involvement is geared towards the 
further development of geothermal energy. 
The customers of EnBW will also profit from 
this know-how edge. 
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Due to the wide variety of insulation and 
heating technologies, the renovation of 
older houses so that they are energy-
efficient and the inhabitants also save 
money is a complex task, however. It calls 
for the know-how of experts in this field. 
The more sophisticated and complex the 
building technology, the more important it 
is to ensure precision planning and design of 
the relevant systems. And the more difficult 
it is to operate the systems in such a way 
that the energy-saving potential is fully 
exploited. Complex systems have high-
level control and regulation requirements 
that even experts sometimes find it difficult 
to completely understand. In practice, these 
systems are often incorrectly regulated, and 
this leads to energy wastage. In extreme cases, 
it can result in the simultaneous activation 
of heating and cooling systems. 

It is not just the heating but also the cooling 
of buildings in summer that uses up a great 
deal of energy – even in this part of the world: 
in fact, room cooling accounts for a massive 
5% of overall electricity consumption in Ger- 
many. But this energy consumption can even 

 

  



 

be reduced in existing buildings by using 
new temperature control methods that use 
almost no energy at all. 

EnBW traditionally offers it customers the 
expert knowledge that is today required 
for energy-efficient modernisation and 
cost-effective operation. The company 
conducts research to determine where  
the residential energy of the future could 
come from and what future-oriented 
building energy concepts might look like. 
This enables us to gain a "manufacturer-
independent" overview of the options of 
our customers. Currently, for example, 
EnBW is investigating innovative solutions 
to replace night-current storage heating 
systems. It is generally the case that resi- 
dential areas with electric heating do not 
have any incoming gas supply lines; this  
is why the houses don't have boiler rooms 
in the cellar and generally also no central 
water heating systems that could be used 
in modernisation projects. 

The interest of EnBW is focused on system-
related issues in the area of energy-efficient 
buildings from an energy industry as well 
as a holistic perspective. 

One example of this is the heat pump field 
trial in over 100 buildings being conducted 
by the Fraunhofer Institute for Solar Energy 
Systems together with several heat pump 
manufacturers and also supported by EnBW. 

In this project, scientists are investigating 
the efficiency of heat pumps; they are 
monitoring the operation of the system 
with the help of electricity meters, tempe- 
rature sensors and other metering devices 
and then analysing the collected data. The 
findings form the basis for the identification 
of optimisation potential, and this helps 
the manufacturers to improve their prod- 
ucts. The aim is to further boost the effi- 
ciency of heat pumps to make them even 
more attractive both ecologically and 
financially from the point of view of the 
customer. EnBW is convinced that heat 
pump heating will become increasingly 
attractive due to the growing share of 
renewables in the overall electricity mix. 

The researchers at the Fraunhofer Institute 
are also comparing the various different 
kinds of heat pump systems. "They have 
found that highly complex systems with 
several heat sources as well as buffer and 
intermediate storage units are not necessary- 
ily the most efficient ones", says Dr. Alois 
Kessler from EnBW's Research unit. Simpler 
and far cheaper heat pump systems often 
operate more efficiently because they are 
easier to control and regulate and because 
their efficiency is not impaired by the re- 
storage of energy. The project has also pro- 
vided interesting insights into the ground- 
water and geothermal pumps, which have 
been shown to be comparable in economic 
terms. A geothermal facility needs boreholes 
that are several hundred metres deep, while 
a groundwater system works with a ditch 
just a few metres deep. However, this advan- 
tage can be cancelled out by the volume of 
energy required to operate the groundwater 
pump. 

The findings from the first phase of the pro- 
ject have already resulted in improvements 
to the heat pumps; the second phase up to 
mid-2012 will focus on the new generation 
of pumps. Moreover, the scientists intend to 
continue the long-term studies and include 
new products from the manufacturers in 
the test programme. 
 



 

In order to determine the options and limits 
of energy-efficient modernisation of build-
ings, EnBW is involved in the conversion of 
a school in Stuttgart-Zuffenhausen into a 
"plus energy school" – a school building 
that generates more energy than it uses 
every year. The project is being coordinated 
by the City of Stuttgart and implemented 
together with the Fraunhofer Institute for 
Building Physics in Stuttgart with funding 
from the German Economics Ministry.  
In this way, a building with an energy 
consumption that costs the city around 
60,000 € a year could be converted into an 
"energy supplier". If the targeted solutions 
prove to be cost-effective, the project could 
serve as a model for the renovation of many 
of the 40,000 or so school buildings in 
Germany scheduled for the next ten years. 

The experts intend to deploy the very 
latest methods to dramatically reduce 
energy consumption at the school and to 
more than cover any remaining require- 
ments using renewable sources of energy. 
To this end, the roofs and walls are being 
fitted with 30-cm thermal insulation and 
the floors are being insulated using vacu- 
um insulation panels with extremely low 
thermal conductivity. High-grade compo-
nent connections should ensure that there 
are no thermal bridges. The new windows 
are of a wood-aluminium design with 
excellent thermal properties and triple 
glazing. Moreover, an energy-efficient 
lighting system and energy-saving IT ap-
pliances help to minimise energy needs. 
Heating energy requirements are to be 
covered by a ground-probe heat pump, 
while a photovoltaic system will supply the 
electricity for the heat pump and the other 
electrical appliances. The surplus electricity 
is fed into the public electricity network 
and remunerated in line with the energy 
feed-in legislation, thereby covering a part 
of the total estimated cost of 12 million €. 
The project was launched at the beginning 
of 2010. 

New methods for cooling buildings are also 
being investigated. This is an area in which 
so-called phase change materials (PCM) hold 
great promise. They make use of a simple 
physical fact that can be observed when an 
ice block melts: while the ice changes from 
the solid to the liquid phase, it absorbs heat 
from the surrounding air but its tempera- 
ture remains at freezing point, in other 
words 0°C. The temperature of the melt 
water does not increase until the ice has 
completely melted. If the water is frozen 
again, the circumstances are reversed: during 
the phase change, the freezing water once 
again gives off the heat it absorbed during 
the melting process. This means the two 
phase changes act like a heat exchanger 
that can be charged and discharged. 

For a number of years now, engineers have 
been developing materials for the building 
sector which are designed to change be- 
tween solid and liquid phases at around 
room temperature. These materials melt 
when the sunlight in summer threatens to 
heat the building to a temperature above 
this level. During the melting process, they 
absorb heat without increasing their tem- 
perature and therefore reduce the heating 
effect in the surrounding air. Then, at night, 
when the temperature of the ambient air 
falls below the melting point, they convert 
to the solid phase and give off their heat to 
the surrounding air via an active night-time 
aeration process. 

The trend towards lightweight construction 
in the building sector could pave the way 
for the breakthrough of PCM technology. 
Many modern buildings, such as timber-
framed buildings or office buildings with 
glass facades, heat up extremely rapidly  
in summer due to their lack of "solidity". 
Thanks to their heat-storing properties, 
PCM materials could counteract this effect 
and greatly reduce the amount of energy 
needed to cool indoor areas – and these 
materials do not require any additional 
energy. 



 

 
Together with PCM manufacturers and 
research institutes, EnBW is involved in  
a demonstration project entitled "Energy-
efficient room cooling using phase change 
materials" and lead-managed by the Bavarian 
Centre for Applied Energy Research (ZAE 
Bayern). The project aims to create an op- 
portunity for the breakthrough of PCM 
technology. EnBW has already demonstrated 
the benefits of this technology in several 
offices at its Karlsruhe headquarters. In 
these rooms, ceiling panels were replaced 
with PCM panels with a thickness of around 
3 centimetres, and a ventilation system was 
installed to transport the warm air to the 
still cold PCM panels and cool it during the 
day. Outside office hours, the modules have 
time to regenerate in the cool night air. 
"The results are encouraging", says Kessler. 
The employees working in the offices 
equipped with PCM say they have noticed 
a positive cooling effect in the summer. 

 

As part of the demonstration project, EnBW 
also staged special-topic conferences in 2008 
and 2009 which were attended by around 
150 experts from research and practice and 
which generated important stimuli for the 
further development of application-ready 
PCM systems. 

Today, EnBW already supports its customers 
by developing tailored solutions for more 
energy-efficient living. In its pilot projects, 
EnBW's Research unit draws up a wide range 
of solutions that help to reduce CO2 emis- 
sions even further while saving money for 
its customers. 

 



 

Electromobility

In contrast to emissions in the energy sector,  

emissions from transport and traffic have still not  

been reduced. Now, a new generation of vehicles  

powered by electricity and using the energy mix  

currently in place is making a bid to undercut the oft-

debated emission thresholds. Together with partners, 

EnBW is involved in a number of model and pilot  

projects aimed at providing energy for emission-free 

personal motorised mobility in tomorrow‘s world.  

On the following pages, you can read about intelligent 

infrastructures, new billing and business models and 

the use of hydrogen in the transport sector.



 

 



 

 

Among the very first cars in the 19th century, 
there were also models which were electri- 
cally powered. There is a simple reason why 
the combustion engine rules the roads today: 
fuel made from crude oil was for a long time 
readily and cheaply available. But we now 
appear to have reached a watershed: the era 
of cheap oil is coming to an end, and we need 
to dramatically reduce pollutant emissions 
in the big cities worldwide. During the next 
decade, electrically driven cars could become 
an attractive alternative for private motor-
ised transport. If, for example, we can make 
new batteries lighter, more powerful and 
cheaper, electric cars will be able to drive 
several hundred kilometres on a single 
"tank". This makes the concept considera- 
bly more appealing. Alternatively, the 
electric motor can also be driven by fuel cells. 
Intensive research is also being conducted 
into options for the generation and storage 
of hydrogen in a way that is as cost-effective, 
efficient and CO2-neutral as possible. 

 

  



 

But whether it be battery or fuel cell: "The 
future of mobility will be electric", says 
Lars Walch with conviction. Up to the end 
of 2011, the business engineer is heading 
EnBW's "MeRegioMobil" and "Modellregion 
Stuttgart" electromobility projects aimed 
at creating an infrastructure for battery-
operated vehicles. Dr. Alois Kessler has 
taken on the challenge of developing the 
battery storage system and represents 
EnBW in the "HE-Lion" project funded by 
the German Ministry of Education and 
Research and geared towards the develop- 
ment of new-generation lithium ion bat- 
teries together with chemical companies 
and battery producers. "For EnBW, electro- 
mobility is an investment in the future", 
says Walch. Insights resulting from research 
are therefore to be incorporated in the in-
house development of products and services 
in the early stages. 

This means the company is totally in line 
with the new trend. "Although we have seen 
a few eMobility hypes in the past, they never 

took effect because the concepts were not 
affordable", says Walch. "It's totally different 
this time." All the well-known car makers 
intend to bring electric vehicles onto the 
market during the next one to two years, 
and major sums are being invested in re- 
search and development around the world. 
Through the "National Development Plan for 
Electromobility", the German government 
is also supporting the expansion of this alter- 
native form of motorisation in order to 
establish Germany as the leading market  
in this sector. In addition to the many pro-
grammes that have already been launched, 
total funding of 500 million euros is ear- 
marked in the "Economic Stimulus Package 
II" for this purpose alone. The aim: one 
million electric cars and so-called plug-in 
hybrid cars on the German roads by the 
year 2020. 

This means new challenges are ahead for an 
energy supply company like EnBW. Although 
one million e-vehicles would only increase 
total electricity consumption by 0.5%, the 
simultaneous charging of all these cars would 
place a considerable strain on the electricity 
network. This interplay between network and 
consumer will have to be investigated more 
closely in order to exploit the full potential 
and to rule out any negative impacts. EnBW 



 

is therefore conducting research into an 
intelligent charging management concept 
within the framework of the MeRegioMobil 
project. “Moreover, this also offers the com- 
pany the opportunity to conquer a totally 
new market and to establish new business 
models", says Walch. A new infrastructure, 
new services and new billing concepts are 
needed in order to provide services to these 
new customers. 

At the beginning of 2009, the German 
Ministry for Economics and Technology 
commissioned EnBW to create a con- 
sortium for the two-year MeRegioMobil 
project within the framework of the "Eco-
nomic Stimulus Package II". Together with 
partners from the automotive industry, the 
IT sector, the Karlsruhe municipal utilities 
and various research institutes, an inter- 
operable charging infrastructure is to be 
created in the Stuttgart and Karlsruhe re- 
gion and tested together with electric cars 
in a wide-ranging field trial. The aim is to 
determine how the storage batteries can be 
ideally integrated with decentral energy 
generating units and consumption devices. 

As the most important automobile cluster in 
Germany and Europe, Baden-Württemberg is 

the ideal region for electromobility projects. 
"The car industry is extremely strong here, 
which means it's very important to adapt to 
new technologies at the earliest possible 
stage", says Walch, and underlines the key 
objective: "If electromobility is to become 
established in the mass market, "filling up 
the tank" must be as simple and conven- 
ient as possible for the customer." What is 
needed is a kind of plug-and-charge con- 
cept: the customer parks at the charging 
station, some form of detection system 
(based on an RFID chip (radio-frequency 
identification) for example) identifies the 
car, and the flap to the plug socket then 
opens automatically. Plug in, flap down  
– and the journey can continue after a 
shopping outing or a meal in a restaurant. 
The bill is then sent to the consumer's 
home address together with the normal 
electricity bill. 

In theory, people could charge their car via 
their home power outlets – but this would 
take too long. A charging station equipped 
with a high-powered threephase connec- 
tion means charging would take only a few 
hours. EnBW engineers are currently work-
ing with Bosch to develop suitable charging 
stations and business models for the crea-
tion of this cost-intensive infrastructure. 

The provision of charging stations is just 
the beginning, however. Car batteries would 
not only be seen as storage units for the 
next trip; they also offer potential as mo- 
bile storage units for decentrally generated 
electricity – at times, for example, when 
there is a lot of wind or at night when far 
less electricity is consumed. 

The questions that need to be addressed 
here are similar to those posed by the 
parallel MeRegio project, in which EnBW  
is looking into how home electricity supply 
can be intelligently controlled based on 
1,000 model households: when is battery 
charging particularly cheap? In other words, 
when is the load on the network at its lowest 
and electricity at its cheapest? At the same 
time, we need to know how much energy 
the battery can feed back into the network 
and when. "The top priority is naturally to 

ensure that the vehicle is ready for use 
when the customer needs it. This calls for 
optimum strategies for charging and dis- 
charging cycles to ensure that the storage 
battery is not overloaded over time and ages 
prematurely", says Walch. In order to use the 
car battery as sparingly and efficiently as 
possible as an interim storage unit within 
this kind of "smart grid", the EnBW engineers 
are working together with Daimler to develop 
a concept for intelligent communication 
between car and charging station; the idea is 
to exchange data via the multi-award win- 
ning EnBW "intelligent electricity meter". 

Each user should be able to find details of the 
charged kilowatt hours at the end of the 
electricity bill from their energy supplier 
or municipal utility – regardless of where 
and via which electricity provider they have 
"filled their tank". Techniques used in the 
field of mobile phones serve as role models 
for this. "Nevertheless, this still represents a 
major challenge for our sector. Not because 
it is a technical problem, but because pro- 
cesses like this are still uncharted territory 
in the energy industry", Walch explains. 

To create a maximum mobility range for 
motorists, it must also be possible to use 
the concepts in other countries. In order  
to ensure that our customers in Baden-Würt- 
temberg can also "fill up" without any prob- 
lem in Alsace, for example, we are coordi- 
nating our activities with the "Projet Kléber" 
operated by French energy supplier EDF in 
Strasbourg under the lead management of 
the local Electricité de Strasbourg utility. 

MeRegioMobil is still only a research pro- 
ject but it has the clearly defined objective 
of developing concepts for the mass market. 
"Of course, we don't yet know whether our 
model will be implemented one to one", 
says Walch. In the first phase in 2010 and 
2011, a test fleet complete with infrastruc- 
ture and several hundred charging stations 
will go into operation in the Karlsruhe and 
Stuttgart regions. 

 



 

The practical trial of MeRegioMobil is 
closely linked to the "Modellregion Stutt- 
gart" project. The Baden-Württemberg 
capital was one of eight regions to win a 
competition staged by the German Trans- 
port Ministry on the testing of electro- 
mobility. The new technology is to be tested 
and made visible in everyday contexts. 

The test fleet comprises around 100 Daimler 
e-cars: Smart-ed, A and B series and several 
eVitos and hybrid buses. Then there are 
600 electro-scooters provided by EnBW  
– 500 for private individuals and 100 for 
public use within the framework of muni- 
cipal projects. These vehicles will make up 
the biggest electromobility fleet anywhere 
in Europe. 

The vehicles are designed to act as "labs on 
wheels". The idea is to investigate the mobil- 
ity habits of customers in order to pave the 
way for the optimum adaptation of the 
infrastructure to their needs. For research 
purposes, a data-logger documents when, 
where and what quality of electricity is 
charged and how long the journeys last. It 
also registers where the vehicle parks and 
for how long in order to identify further 
suitable charging locations and to determine 
the potential of batteries for use as interim 
storage systems. The data are then sent via 
Universal Mobile Telecommunications Sys- 
tem (UMTS) to an eMobility portal designed 

specifically for this purpose, where the e-
scooter pioneer can view his or her data in a 
personalised and password-protected format 
and exchange experiences of electromobility 
with other participants in the research project. 

EnBW's e-scooters are already extremely 
popular, and over 3,000 people have applied 
to take part in the study as one of the 500 e-
pioneers. From July 1, the selected entrants 
will be breezing through Stuttgart and the 
surrounding region, not only serving the 
purpose of research but also making a 
valuable contribution towards the public 
visibility of electromobility. 

Without further improvements in battery 
technology, however, there will be no future 
for plug-in and hybrid vehicles. Under the 
lead management of BASF, a consortium 
made up of well-known industrial com- 
panies and research institutions has been 
conducting research into the next and next-
but-one generation of high-energy lithium 
ion batteries since February 2009 with the 
support of the German Research Ministry. 

One of the focal points of this project is the 
investigation into the effects of eMobility 
on the distribution network in cooperation 
with the Institute for Electrical Energy Supply 
at Darmstadt Technical University: can 
eMobility help the promote the network 
integration of decentral energy generating 

entities or will additional network bottle- 
necks perhaps be created in the distri- 
bution network due to uncoordinated  
charging? The ideas of IT scientists geared 
towards the use of autonomous software 
agents in an "energy Internet" look even 
further into the future. The vision is that 
generator and consumer will be able to 
coordinate their activities directly with 
each other without this having to be cen- 
trally controlled by the network operator. 
This idea is currently being investigated by 
a team or researchers in the DAI lab (Dis- 
tributed Artificial Intelligence) at Berlin 
Technical University on behalf of EnBW. 
 



 

 

Electric cars can be powered not just by 
batteries but also by fuel cells. In this case, 
the fuel cells do not act as energy storage 
units but as mobile mini-power plants 
that produce electricity from the synthesis 
of hydrogen and oxygen. Steam is the sole 
local emission from this process. From the 
point of view of the motorist, hydrogen  

drive currently has two advantages over a 
battery: it is already technically possible 
to fill the tank with hydrogen under high 
pressure within just three minutes. This is 
far more in tune with normal tank-filling 
habits than the battery-charging process, 
which takes several hours and during which 
the cars have to be parked. And the current 
400-kilometre range of a hydrogen car is far 
greater than the 200 kilometres offered by 
battery-operated vehicles. 

At the same time, however, battery-driven 
electric cars can in principle be charged via 
any power outlet. At least a basic system is 
already in place for energy supply in the 
form of the existing electricity network. In 
contrast, a new hydrogen industry would 
require the creation of a totally new infra- 
structure: the hydrogen has to be produced, 
transported and distributed on a large scale 
or decentrally produced at the "filling sta- 
tions". "It needs to be made available in a 
close-knit network over a large area – other- 
wise the technology doesn't have a chance", 
says Lars Walch, who is responsible for 
coordinating hydrogen research activities 
at EnBW. "This could create an attractive  

 

  



 

market for us, as all the signals from the 
automobile industry indicate that hydrogen-
driven fuel cell vehicles will come one day."  

At the IAA International Motor Show in 
2009, well-known international carmakers 
announced their intention to bring several 
hundred thousand series-produced vehicles 
equipped with fuel cells onto the market by 
2015. EnBW then launched the "H2 Mobility" 
initiative together with Daimler, Linde, OMV, 
Shell, Total and Vattenfall and in coordination 
with the NOW National Organisation for 
Hydrogen and Fuel Cell Technology. During 
the next two years, the partners in this ini- 
tiative want to develop economically viable 
business models and technologies for the 
creation of a close-knit hydrogen infra- 
structure in Germany.  

In recent years, research into the use of hy- 
drogen technology in the transport sector 
has made considerable advances, particu- 
larly in Germany, which is now seen as a 
potential lead market for this technology in 
Europe. In 2008, the German government 
launched the national hydrogen and fuel 
cell technology investment programme, 
which promotes the ten-year public private 
partnership to the tune of 500 million €; 
industry is investing at least the equivalent 
sum. Moreover, the "German Hy" study 
commissioned by the German Transport 
Ministry is looking into various scenarios 
for the use of hydrogen in the transport 
sector. According to the study, it will be 
possible to cover between 23% and 40% of 
energy requirements for all means of trans- 

port and up to 70% of all car energy needs 
with hydrogen by the year 2050. This means 
an up to 80% reduction in CO2 emissions in 
the transport sector and a reduction in the 
share of energy imports from 95% to 75%. 

Within the framework of "H2 Mobility", the 
experts at EnBW are looking at the entire 
chain of the hydrogen infrastructure – with 
particular emphasis on energy-efficient, 
climate-compatible and cost-effective 
production methods. Hydrogen does not 
occur in the required form in nature and 
therefore has to be obtained using rela- 
tively energy-intensive processes. There 
are, however, many raw materials that are 
suitable for this purpose, including natural 
gas, coal, biogas or water, in which hydrogen 
is bound to carbon or oxygen. The focus is 
currently on two techniques for the sepa- 
ration of hydrogen molecules: electrolysis, 
which chiefly requires water and electrical 
current as input products, and the reforma- 
tion of natural gas or biogas. The provision 
of the energy sources required for these 
processes is one of the key areas of expertise 
that EnBW brings to the project, but it is 
also conceivable that EnBW will itself be- 
come active in the field of hydrogen pro- 
duction. 

Renewable forms of energy play a special 
role in all this: they are not only important 
in order to ensure that the production of 
hydrogen is as CO2-neutral as possible; in 
addition, the production of hydrogen using 
wind energy, for example, can serve to facili- 
tate storage of energy from this irregularly 

available source. This is an area in which 
there are links to the MeRegio and MeRegio-
Mobil projects. 

Parallel to this first project phase of "H2 
Mobility", which will run until the end of 2011, 
EnBW is reviewing the possibility of building 
additional hydrogen filling stations in Baden-
Württemberg. The idea is to create and 
operate these stations as part of the new 
state "Electromobility Initiative" together 
with partners from the petroleum industry, 
the automotive sector, research institutions 
and municipalities. 

In addition, the partners of "H2 Mobility" 
also intend to draw on the findings of other 
hands-on trials. There are already several 
hydrogen projects in progress throughout 
Germany. 

If the investigations into potential business 
models reveal promising options for the 
launch of a Germany-wide hydrogen in- 
dustry based on the first project phase of 
"H2 Mobility", EnBW could invest in a joint 
venture in the second phase which would 
then begin in 2011 with the creation of a 
close-knit hydrogen infrastructure. 
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