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AlpStore Status Quo and Masterplans:

Status Quo Reports: All subconsortia describe the regional situation in their pilot region
concerning the current impact and future trends of hybrid, electric and gas powered vehicles,
energy storage systems, smart grids and renewable energy sources - taking planned
demonstration sites as representative examples and considering transnational opportunities
(e.g. roaming with electric cars, cross border aggregation of flexibility of mobile storages).

Masterplans: All subconsortia develop holistic masterplans for their respective regions with
the specific emphases listed in Table 1. The masterplans build on the overarching STORM
principle as developed in WP4 (see Appendix). With the masterplans developed in WP5 decision makers in the involved regions are to receive long-range concepts to enhance their
regional and municipal development planning. With many different types of regions being
involved many other decision making and planning processes in the Alpine Space can be
informed by these masterplans as blueprints.
Table 1: Overview of AlpStore Status Quo- and Masterplans

No.

Region

Specific Emphasis of Masterplan according Ap- Resp.
plication
PP

1

West Milan

IT

EV fleet management and VPS, involvement of EU-IMP
ESCO and PAES for efficient energy management

2

Aosta

IT

“AOSTA Valley Regional Energy Plan 2011-2020”

AOSTA

3

Lombardy

IT

electric public transport

ALOT

integration of VPS long term plan (gas, PV) with AGIRE
sustainable mobility needs and storage opportunities
4

Alsace

FR

fleet management with EV and fuel cell vehicles in FRESH
office buildings
UTBM

5

Vorarlberg

AT

small hydro pump vs. mobile and stationary battery VLOTT
storage, mass roll-out of EV
E

6

Güssing

AT

mobile vs. stationary use of biogas

7

Haslital
enz

8

Gorenjska

Bri- CH

SI

EEE

controlled charging with 2nd life batteries in semi- KWO
public areas (supermarkets)
off grid situations of small mountain villages

2

UL
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RDA
JEZ
9

10

Allgäu

Ebersberg

DE

DE

integrated storage and mobility for public transport, BAUM
electric car and e-bike charging infrastructure
fully integrated plus energy houses

EZA

managing biogas and wind energy in Ebersberg

BAUM
FFE

11

Berchtesgaden

DE

small hydro pump, pressed air storage in salt mines BAUM
in Berchtesgaden
FFE

12

Ticino

CH

Ticino RE Platform

USI

13

Liechtenstein

LI

potential for RES in various settlement forms

LIECH

FL

(masterplan focused on potential for RES in various
settlement forms)
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1 Summary
Basis for the Masterplan
Within the framework of AlpStore, partners in seven countries create masterplans for the
development of storages. The basis for these masterplans is provided by a description of
the status quo in the respective region. With a specific emphasis on the current status of the
energy system in the district of Ebersberg, the report contains detailed information about
power and heat generation, power and heat consumption, energy transmission and distribution as well as energy storage. Furthermore, prognoses regarding the future energy
system in the district that have been made within the climate protection plan of the district
of Ebersberg in 2010, are presented in the third chapter of this report.
The District of Ebersberg
With almost 132.000 inhabitants distributed in 21 municipalities, the district of Ebersberg is
a medium-sized district located close to the Bavarian capital Munich. Since the suburban
train started in the nineteen-seventies, the district has become more and more attractive as a
place to live and to recreate, resulting in steady increases in the number of inhabitants.
Due to its proximity to Munich, it is not surprising that many highly educated people are
living in the district and that the economic situation is quite good. The economy is characterised by a sound mixture of highly productive handcraft enterprises, innovative mediumsized businesses and globally operating companies. Also the infrastructure within the district as well as in the whole area of and around Munich is very well developed, too.
Energy Production
With regard to energy production, the district of Ebersberg has set itself the ambitious target to become 100 % renewable until 2030. In the last years, there have been significant
achievements in the expansion of renewable energies already. Especially solar- and biomass energy have accounted for the biggest share in the electricity generation from renewables. The amount of electricity that was generated from Renewable Energies in 2012 in the
district was around 102.000 MWh. Compared to the overall amount of electricity that was
generated in the district, renewable energies provided a share of around 20 % of the total
amount of energy.
Energy Consumption
Looking at the energy consumption in the district, most of the electricity was consumed by
the private sector with approximately 59 %, followed by the business sector with 36 %.
Regarding heat consumption from residential buildings, calculations show that the
amount of energy that has been used has increased as the number of living space increased
as well. This trend is likely to continue considering demographic projections. The same
counts for energy consumption from traffic. In recent years, the number of power driven ve-
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hicles has throughout increased. So far electrical vehicles only play a marginal role in the
district of Ebersberg, with 19 registered EVs in 2013. According to projections and ambitious
objectives by the Federal Government of Germany, this number is very likely to increase until
2020 and 2030 - also in the district of Ebersberg. Nevertheless, increases in the energy consumption from traffic can still be expected, especially because of the demographic development.
Energy Transmission and Distribution
The short distance to Munich also proves to be an advantage when it comes to energy
transmission and distribution. A supergrid is running across Munich to a transformer station in Rosenheim. In the district of Ebersberg there are three grid operators: Bayernwerk
AG, P&M Rothmoser GmbH and SEW. The main grid operator is Bayernwerk AG. P&M
Rothmoser GmbH is only responsible for operating the grid in the area of Grafing while SEW
only operates a very small area of the grid in the north-eastern part of the district (i.e. Hohenlinden).
Energy Storage Today
Due to the advantageous situation, also energy storage systems are rather playing a marginal role so far. The district already holds one underground gas storage in Wolfsberg.
The plant is owned by RWE-DEA AG and entered into service in 1973. With 320 million cubic
meters gas storage capacity, the plant is used by Bayerngas. Furthermore, there are 23 biogas plants that are mostly operated by Bayernwerk AG. With regard to electrical vehicles
and battery storage systems, the district of Ebersberg experiences a rather slow development but with expectations for future increases.
Future Energy System
The future energy system in the district will mainly be driven by the expansion of renewable energies. It can therefore be expected that the generation from conventional power
plants will steadily decrease in contrast to Renewable Energies. The deducible potentials for
Renewable Energies are expected to meet the energy demand in 2030 as the district pursues the aim to become a 100 % region until 2030. In the context of electricity generation,
especially solar but also wind and biomass will be the essential energy sources in the future energy system in the district of Ebersberg. For the generation of heat, geothermal energy will play the major role, followed by solar energy and biomass.
Objectives - Vision and Goals
Many possibilities to store energy are known. Most of them are still in research or pilot
size, at least those which shall solve the future fluctuating problems of renewables. It is not
known whether they will be economically usable in an appropriate way in future.
There are studies claiming that storages will not be needed in Germany until about half of the
electricity production will be provided from RE sources, even if the major part of the renewa14
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ble produced electricity is provided by wind power and PV plants. Long-term (seasonal) storage will even not be required until the renewable-share has reached about 80 %.
With the current market design and price structure for electricity, it is not attractive and necessary to store the surplus energy of the region or make it more flexible. Especially as long
as there is a respective grid capacity for electricity export or import it is difficult to realise
storages economically in the Ebersberg region. This would plead for grid expansion instead
of investment in storage capacity.
Future Regional Storage Park
A detailed simulation with load profiles according to the IKK shows the storage necessity in
2030. In this year a seasonal storage which could help the region to get independent
would need a size of about 62 GWh. It is not wise to build storage in this size.
62 GWh would be around seven times the biggest pump storage power plant of Germany. As

there are no mountains in the area of Ebersberg it is not possible to build up such a huge
storage. The storage size can also be reached with the energy content 6.200.000 m³ gas
(methane) or the storage capacity of around 2.400.000 Electric vehicles.
Non-regret Measures
Measures implemented in AlpStore and therefor useful for Ebersberg should ideally have the
largest possible leverage effect within the years 2013-2015. Investors should continue to
invest in renewable energies, try new forms of direct marketing, stay up to date with new
developments in the area of storages etc.. Regional energy utilities should optimise and
adapt their existing park of power plants. Furthermore it can be good to build up pilot implementations. Local and regional authorities can help with renewable energies, energy efficiency and education towards the energy turnaround in their surroundings. On top it would
be useful to support regional investors and energy utilities on their way toward storages.
Possible Pilot Projects
Pilot projects help to visualise possible storages for many stakeholders. This helps to
roll out storages in the region of Ebersberg.
There are several possibilities for pilot implementations. Huge commercial battery storages
may be possible in combination with large PV-plants. In the project AlpStore there were
some discussions e.g. with the Autohaus Grill, which owns a huge PV-plant.
On the other hand it would be possible to include many private households with small
battery storages for self-consumption into a common pilot. This could help to transfer the
results to a big group of citizens.
As part of the project AlpStore a detailed study on Biogas and centralised heat storages will be conducted in Grafing. The district heating grid there is perfect for such a show
case. On the one hand many households are connected to the district heating grid. Therefor
15
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many people are possibly interested in the implementation. On the other hand heat and biogas storages are probably the most economic storages in the region of Ebersberg right
now. Therefore this pilot can add the largest value to the region. In the AlpStore project it can
be very interesting for the other partners who don’t have any experience with this kind of
storages so far.
Merit Order
The largest realistic storage potential in the region of Ebersberg can be seen in the field of
thermal storages decentralized with CHP’s or in private households. Other storage possibilities can be seen in stationary batteries for PV-self-consumption and in flexible biogas plants. A very small storage potential which is hard to develop is the load transfer in
private households.
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2 The Pilot Region
The district of Ebersberg is located east of
the Bavarian capital Munich. The 131.813
inhabitants (LRAE-02 13) live in 21 municipalities along the development axes and in
the densely populated area around Munich
as well as in rural areas that are situated
mostly in the eastern part of the district
(LRAE-01 14).
The forest of Ebersberg (Ebersberger Forst),
with its 75 square kilometers lying in the
heart of the district, is the largest coherent
forest area in the lowlands of Southern
Germany. The landscape of the district obtained its character from the alpine glaciers
of the ice ages. Today, the landscape is
Figure 1: Situation of the district of Ebersberg
mainly shaped by agricultural cultivation as
in Bavaria (WIKIC-01 09)
you can see in
Figure 2.
The north-west and western part of the district is a lower moraine area with good soils of saprolite and residual loess. This is where mostly wheat, maize and rapeseed are cultivated. In
the north, the poor soils of the Munich depression allow the growing of barley, rapeseed and
potatoes while in the moraine area in the south and south-east of the district grassland is
predominant (ibid).
Since the regional suburban train started operating in the nineteen-seventies, the district became more and more popular as a place to live and to recreate. This trend is documented in
the constantly increasing numbers of inhabitants of the district (see Figure 4) (ibid). The
number of inhabitants in the district of Ebersberg and its municipalities in 2013 is listed in
Table 2.
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Land use in the district of Ebersberg
Forest
Water

37%
51%

Settlement and traffic area
Agricultural area
11%

1%

Total area: 54.9°ha (SÄBL‐01 11)

Figure 2: Land use in the district of Ebersberg in 2010 (changed from AELF-02 11)

The economy in the district is characterised by a sound mixture of highly productive handcraft enterprises, innovative medium-sized businesses and globally operating companies.
The infrastructure within the district as well as in the whole area of and around Munich is very
well developed. This includes e.g. direct access to motorways, international railroads and
airport. The proximity to educational and research institutes as well as to trade fair presentation possibilities complement the location of the district of Ebersberg (LRAE-01 14).
Moreover, the district has a large number of highly educated workers and the unemployment
rate is one of the lowest in Germany. Top positions in several location- and region-rankings
show that the district of Ebersberg is in a good economically constitution. According to a
study by the consumer research association GfK in 2012 the purchasing power index is one
of the highest in Germany (GFK-01 11). The 21 municipalities of the district, illustrated in the
figure below, are attractive living spaces for families and people that commute to work in the
Bavarian capital (LRAE-01 14).
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Figure 3: The district of Ebersberg and its municipalities (WIKIC-02 11)

Table 2: Number of inhabitants in the district of Ebersberg in 2013 (LRAE-02 13)
Inhabitants in total (2013) district of Ebersberg 131.813
Anzing

3.838

Hohenlinden

2.954

Aßling

4.316

Kirchseeon

10.010

Baiern

1.399

Markt Markt Schwaben

12.594

Bruck

1.194

Moosach

1.495

Stadt Ebersberg

11.407

Oberpframmern

6.152

Egmating

2.232

Pliening

5.204

Emmering

1.468

Poing

13.885

Forstinning

3.554

Steinhöring

3.860

Frauenneuharting

1.504

Vaterstetten

21.892

Markt Glonn

4.837

Zorneding

8.846

Stadt Grafing

13.002
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Figure 4: Population development in the district of Ebersberg from 1961-2013 (BLSD-02 13)

As almost anywhere in Bavaria, countryside farming and husbandry is also decreasing in the
district of Ebersberg (in 1998: 1191 agricultural holdings, 2012: 948 agricultural holdings
(AELF-01 11)) with all its consequences for cultural landscapes. This development has to be
taken seriously as the district of Ebersberg depends on their attractiveness and prosperity of
landscape. In addition to that, supra-regional developments as the rise in price of fossil fuels
and climate change have an impact on the district of Ebersberg, too. At regional level these
bring up challenges and chances of equal relevance. Acquiring energy for instance, increasingly becomes a serious cost item for public and private budgets as well as for companies.
On the other hand, organising the renewable energy supply and enhancing energy efficiency
brings up opportunities for local handcraft, agriculture and forestry as well as for planner and
consultants (BAUM-01 10).
In 2010 the district of Ebersberg developed an integrated climate protection plan (IKK) to
ensure an efficient and focused effort for climate protection. For this purpose, they generated
an energy and CO2 balance sheet that can be supplemented accordingly. In these balance
sheets the consumption and emissions of each sector e.g. public administration, households,
businesses and traffic were listed as well as the energy mix and the shares of renewable
energies in 2006. In a second step potentials were determined and notified. Thereby aspects
of renewable energies, saving and efficiency were considered so that objectives could substantially derive out of this (ibid).
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In order to illustrate courses of action, scenario analysis were developed. To this end the
actual demand of energy including the energy mix was opposed with the potential future energy mix and one potential way of the future preferable energy demand. For that matter, all
regional stakeholders were embedded in this process (BAUM-01 10).
As part of the integrated climate protection plan of the district of Ebersberg, a catalogue of
measures was established. These measures were based on energy and CO2 balance
sheets, the assessment of potentials, defined objectives as well as stakeholder involvement
(ibid). Some parts of the integrated climate protection plan serve as a basis for this status
quo report, in particular, for chapter 2 and 3.
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Parameters which were used for calculations in the integrated climate protection plan in 2010
are shown in the following table.
Table 3: Parameters of the district of Ebersberg (BAUM-01 10)
Land use in the district of Ebersberg (ha)

54.934
20.800

Forest state forest

8.944

private forest (small areas)

9.360

private forest (large areas)

2.288

communal forest

208
26.246

Agriculture cropland

15.294

green area -

10.952

communal green area

1.129

Other biomass sources:
livestock unit - bovine animal

32.028

livestock unit - pig

1.283

livestock unit - poultry

180

organic waste (t/a)

9.000

Grass cutting roadside green (ha)

1.260
1.140°kWh/m²/a
626.202 GWh

Solar exposure district of Ebersberg

Housing stock district of Ebersberg
6.539.810 qm

Roof area district of Ebersberg
Residential buildings

3.592.631 qm

Non-residential buildings

2.947.179 qm

Residential building stock

28.332

Residential buildings with 1 flat

20.280

Residential buildings with 2 flats

5.146

Residential buildings with 3 and more flats

2.906
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In addition to the previous table,
Table 4 provides an update of the currently available
data that were used in the integrated climate protection plan of the district of Ebersberg.

Table 4: Parameters of the district of Ebersberg
Land use in the district of Ebersberg in 2012 (ha)

20.244,942

Forest -

27.833,63

Agriculture Other biomass sources:
livestock unit – bovine animal (LSU)
livestock unit – pig (LSU)
livestock unit – poultry (LSU)
Residential building stock in 20127
Residential buildings with 1 flat
Residential buildings with 2 flats
Residential buildings with 3 and more flats
Residential homes

2.1

54.936,861

31.725,3004
875,1605
279,5636
31.388
22.738
4.803
3.832
15

Status quo of Energy System

The following sub-chapters describe the energy system in the district of Ebersberg. For this
purpose, the situation of energy production from conventional power plants and renewables
is considered and highlighted in different tables and figures. Moreover the report covers detailed information about the energy consumption from heat, electricity and traffic, energy
transmission and distribution as well as energy storage. In the areas of energy production
and energy consumption, heat and electricity are treated separately. Most of the data provided have been adopted from the integrated climate protection plan as they served as a basis
for calculations and the determination of the future energy system. However, the report also
includes updated information about the energy system in the district of Ebersberg. At this
point it is appropriate to mention, that currently an energy usage plan is being developed
including, among other things, the latest data on energy consumption in the district of Ebersberg and its municipalities.

1

SÄBL-03 12
SÄBL-03 12
3
SÄBL-03 12
4
AELF-03 12
5
AELF-03 12
6
AELF-03 12
7
SÄBL-05 12
2
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2.2

Energy Production

2.2.1

Conventional Power Plants

The power generation from conventional power plants in the district of Ebersberg in 2006
was 83 % of the total amount of power that was generated. Based on data from the integrated climate protection plan, 47 % of generated power came from nuclear energy and 36 %
were based on fossil fuels.
Table 5: Proportionate power generation from energy sources in the district of Ebersberg in
2006 (BAUM-01 10)
ENERGY MIX
POWER

Germany
on
average
in 2006

Germany
on
average
in 2012

Nuclear energy

29 %

16 %

Fossil fuels

59 %

Renewable energy sources

12 %

Others

Rothmoser

SWM

District of
Ebersberg
in 2006

47 %

47 %

0%

47 %

56 %

36 %

36 %

83 %

36 %

22 %

17 %

17 %

17 %

17 %

E.ONBayern

6%

According to interim results from the energy usage plan, the total amount of electrical power
that was generated in the district of Ebersberg in 2012 was 507.948.700 kWh/a. The share of
renewable energies was 102.421.302 kWh/a (20,2 %). Therefore the portion of electrical
power generated from conventional power plants was 405.527.398 kWh/a (79,8 %) in the
district of Ebersberg in 2012 (ECB-02 14).
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2.2.2

Renewable Energies

As mentioned earlier, within the subjects of energy production as well as energy consumption, electricity and heat are treated separately.
Current supply of renewable energies for power
While the following text and corresponding figures present the development of renewable
energies in the district of Ebersberg from 2007 until 2012, Table 6 and Table 7 were adopted
from the integrated climate protection plan and provide data about the power generation from
renewable energies in the district of Ebersberg and its municipalities from 2006 and 2007.
The data from 2007 were distributed by E.ON Bayern and Rothmoser GmbH while the developments of renewable energies from 2007 to 2012 originate from the district of Ebersberg.
Table 6: Proportionate electricity production from renewable energy sources in the district of
Ebersberg in 2006 (BAUM-01 10)
ENERGY MIX
POWER

Germany
on
average
in 2006

Germany
on
average
in 2012

Nuclear energy

29 %

16 %

Fossil fuels

59 %

Renewable energy sources

12 %

Others

Rothmoser

SWM

District of
Ebersberg
in 2006

47 %

47 %

0%

47 %

56 %

36 %

36 %

83 %

36 %

22 %

17 %

17 %

17 %

17 %

E.ONBayern

6%
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Table 7: Power production from RE in the district of Ebersberg in 2007 (BAUM-01 10)

Anzing

27

413

326.044

Aßling

53

404

351.928

Baiern

22

208

204.211

Bruck

23

389

379.798

Ebersberg

49

886

410.938

Egmating

16

177

178.855

Emmering

35

526

485.042

Forstinning

25

554

186.014

Frauenneuharting 39

183

Glonn

49

Grafing - EON
Grafing Rothmoser

x

x

kWh/a

Performance
(kWp)

WATER

Number

kWh/a

BIOMASS

Number

Performance
(kWp)
kWh/a

Number

SUN

Performance

SORTING BY
COMMUNES

x
x

x

x

7

1301 4.550.822 x

x

x

3

651

3.567.531

x

x

X

x

x

x

416.983

x

x

X

410

436.453

x

x

X

7

154

490.436

33

458

319.995

x

x

X

3

53

78.999

28

143

130.706

3

6

20.343

Kirchseeon

21

449

127.783

Markt Schwaben

30

137

287.799

x

x

X

Moosach

19

283

167.486

2

54

124.030

Oberpframmern

12

159

92.737

Pliening

30

385

330.376

x

x

X

Poing

28

249

240.794

x

x

X

Steinhöring

49

866

503.783

Vaterstetten

79

105

795.620

3

810

4.759.247

Zorneding

63

307

309.950
16

460

1.104.168

Hohenlinden

All EON without
Rothmoser
SUM

730 7.691

6.683.295

22 4.968 20.209.519 19

SUM of power production from renewable energy sources in 2007

Sources:

EON Bayern 2008: Number of active EEG- plants
(renewable energy act in
Germany, EEG) in 2007

1.124.511

Number of Performance
plants
(kWp)

Production
(kWh)

771

28.017.325

13.119

EON Bayern 2008: Number of active EEGplants (renewable energy act in Germany,
EEG) in 2007, Rothmoser GmbH: Rothmoser GmbH: www.rothmoser.de (May 2008)
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The district of Ebersberg achieved a considerable increase in power generation from renewable energies from 2007 until 2012. While in 2008 almost 45 million kWh of power were generated from renewables, in 2012 almost 95 million kWh were already produced. This corresponds to an amount of 20 % of total power generation. The progress was mainly achieved
by increases in biomass and photovoltaic as you can see in Figure 6. The rest of the shares
resulted from hydropower, landfill/sewage gas and wind energy. The following figures and
tables show a detailed description of the amount of energy from renewables in the years of
2007 until 2012 in the district of Ebersberg.

Figure 5: Total power grid offset and share of RE in the district of Ebersberg 2007-2012 (EBE-04
13)
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Figure 6: Composition of RE in the district of Ebersberg 2007-2012 (EBE-04 13)

Now that the amount of renewable energies of the total power grid offset has been clearly
illustrated in Figure 5 and Figure 6, the following table provides a detailed overview of the
shares of renewable energies in the district of Ebersberg from 2008 until 2012.
Table 8: Composition of RE in the district of Ebersberg 2008-2012 (EBE-04 13)
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Based on the data of Table 8, the following figures visualize the developments of the different
form of renewable energy sources in the district from 2007 until 2012.
Water
The energy that was generated from hydropower was around 1.39 million kWh in 2008 and
slightly decreased to around 1.3 million kWh in 2012 with a peak of almost 1.43 million kWh
in 2010. These fluctuations resulted from different precipitation that occurred between 2008
and 2012.

Figure 7: Energy supply from hydro energy in the district of Ebersberg 2007-2012 (EBE-04 13)
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 Wind
The energy production out of wind is marginal at the moment. While in 2008 the energy that
was generated from wind was 446 kWh, it almost continuously increased to an amount of
871 kWh in 2012, with an exception of a drop in 2009 resulting only in amount of 360 kWh of
wind energy.

Figure 8: Energy supply from wind energy in the district of Ebersberg 2007-2012 (EBE-04 13)
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 Photovoltaic
As mentioned earlier, photovoltaic and biomass were mainly responsible for the substantial
progress of energy supply from renewable. The energy generation from photovoltaic itself
consistently increased over the years from 2008 to 2012. While in 2008, almost 9 million kWh
were generated from photovoltaic, the amount of energy was five times higher in 2012
(around 45 million kWh of energy). The following figure shows the steady increase of photovoltaic in the district of Ebersberg.

Figure 9: Energy supply from photovoltaic in the district of Ebersberg 2007-2012 (EBE-04 13)
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 Biomass
Biomass also played an important role in the generation of energy in the district as it hold the
biggest share of energy generated from renewable in the years of 2007 until 2012. In 2008,
around 33 million kWh were generated from biomass and in 2012 around 47 million kWh
were generated.

Figure 10: Energy supply from biomass in the district of Ebersberg 2007-2012 (EBE-04 13)
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 Landfill and sewage gas
As you can see in the following figure, the generation of power from landfill and sewage gas
has steadily decreased in the years of 2008 to 2012. While in 2008, the district of Ebersberg
was able to generate around 1.5 million kWh of power, in 2012 only around 630 thousand
kWh were generated from landfill and sewage gas.

Figure 11: Energy supply from landfill- and sewage gas in the district of Ebersberg 2007-2012
(EBE-04 13)

As mentioned above, an energy usage plan is currently being developed for the district of
Ebersberg. Although the plan is not completed yet, first interim results regarding power generation from renewable energies and power consumption were presented in a meeting in
Poing on the 20th February in 2014. According to Tiemo Wennrich who is involved in the development of the energy usage plan, the total amount of energy that was generated by renewable energies in the district of Ebersberg is 102.421.302 kWh. With a total electrical
power generation of 507.948.700 kWh in 2012, the district of Ebersberg reaches a share of
20,2 %. The following figure illustrates the share of power consumption from renewable energies in the municipalities of the district of Ebersberg.
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Figure 12: Share of power consumption from RE in the municipalities of the district of Ebersberg (ECB-01 14)

Current heat generation from renewable energies
The energy usage plan that is currently being developed on behalf of the district of Ebersberg will provide the latest data on heat generation from renewables. At that time, results of
the energy usage plan are not available yet. The following results have therefore been
adopted from the integrated climate protection plan of the district of Ebersberg. These data
present the heat generation in the district of Ebersberg in 2007.
Table 9 shows already existing plants for the production of renewable heat in the district of
Ebersberg. Solar plants produced an energy output of 6.875.600 kWh/a, biomass plants one
of 44.920.000 kWh/a and plants for geothermal heat an output of 2.400.000 kWh/a. In total
this was a coverage of around 6,5 % of the whole heat demand per year in the district of
Ebersberg in 2007 which is 106.195.600 kWh/a. This includes also the deep geothermal energy plant of Poing that produced 52.000.000 kWh/a.
The data that were used in the integrated climate protection plan in 2010 originated from
different sources such as Solaratlas, E.ON Bayern and estimations as well as calculations on
basis of information from ALF and data of biogas plants in Pliening and combined heat and
power unit (CHP) in Poing.
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Table 9: Renewable heat production in the district of Ebersberg in 2007 (BAUM-01 10)

kWh/a

Performance
(kW)

Number

kWh/a

Number

kWh/a

Number

GEOTHERMAL
ENERGY

BIOMASS

Area of collectors (m²)

SUN

Performance
(kW)

SORTING BY
COMMUNES

Anzing

91

910

364.000

3

13

45.000

Aßling

118

1.107

442.800

11

30

165.000

Baiern

near
Glonn

near Glonn

near Glonn

6

25

90.000

Bruck

near
Grafing

near Grafing

near Grafing

12

38

180.000

Ebersberg

144

1.294

517.600

9

27

135.000

Egmating

69

696

278.400

3

7

45.000

Emmering

58

555

222.000

4

11

60.000

Forstinning

87

860

344.000

5

14

75.000

Frauenneuharting

24

203

81.200

10

38

150.000

Glonn

123

1.342

536.800

22

72

330.000

Grafing

247

2.248

899.200

20

5

300.000

80

780

312.000

2

Kirchseeon

102

981

392.400

9

28

135.000

Markt Schwaben

129

1.193

477.200

2

4

30.000

Moosach

35

378

151.200

7

22

105.000

Oberpframmern

42

393

157.200

1

4

15.000

Pliening

74

758

303.200 1

10.800.000

2

5

30.000

Poing

98

839

335.600 1

6.260.000

3

12

45.000

Steinhöring

95

1.037

414.800

17

57

255.000

Vaterstetten

67

631

252.400

4

28

60.000

117

984

393.600

8

18

120.000

160

457

2.400.000

Hohenlinden

Zorneding

Sum of heat production from renewable
energies in 2007

1.800

17.189

3

675

5.400.000

6.875.600 2

675

22.460.000

Multiplication with
factor
2
(private,
unascertainable
wood
heating
systems)

44.920.000

Without
small
biomass
plants

30.000

1 Deep
geothermal
energy
plant
Poing

52.000.000

Without using geothermal energy in Poing

54.195.600

Inclusive using geothermal energy in Poing

106.195.600
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2.3

Energy Consumption

The following section presents information on heat and power consumption in the district of
Ebersberg. Concerning the heat consumption of the district of Ebersberg, the report provides
results from the integrated climate protection plan from 2006 as well as an updated calculation with numbers from the residential building stock in 2012 (see Table 12).
Heat consumption in the district of Ebersberg
According to a potential analysis study for the German Region Allgäu (FISE-01 08) the heat
consumption of a region consists of two parts. One third is consumed by businesses, trade
and service (bts) and two thirds are demanded by private households.
Supposing that these proportions can be transferred to the district of Ebersberg (BAUM-01
10) this would mean an annual heat consumption of 524.110.242 kWh for the economy (bts)
and an annual heat consumption of 1.639.238.417 kWh for private households in the district
of Ebersberg in 2008. This is shown in Figure 14 and Table 10.

Heat consumption of the different sectors
in total about 1.639 MWh
1.200
1.000
800
600
400
200
0
households,
about 1.115 MWh/a

economy,
about 524 MWh/a

Figure 13: Heat consumption of the different sectors (own extrapolation)

Table 10: Heat consumption in the different sectors (BAUM-01 10)
Sector

heat consumption
1.115.128.175 kWh/a

Households

524.110.242 kWh/a

Economy (bts)

1.639.238.417 kWh/a

Sum
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The district of Ebersberg has several suppliers for heat. Therefore it was necessary to determine the heat consumption indirectly according to the building structure.
First, the heat consumption of private households has been determined. According to the
Gesellschaft für rationelle Energieverwendung e.V. (Agency for the rational use of energy)
25 % of the buildings and hence 25 % of the living space has been built after 1988. The average energy consumption is 100 kWh/(m²°·a) whereas that of buildings constructed before
1988 is 250 kWh/(m²°·a). These are 75 % of the residential buildings in the district of Ebersberg.
Based on approximate calculations that have been undertaken in the framework of the integrated climate protection plan, the living space in the district of Ebersberg in 2006 was
5.247.662 m² (see table below). According to these number this sums up to an annual consumption of 1.115.128.175 kWh of heat in the district of Ebersberg in 2006.
Table 11: Residential building stock in the district of Ebersberg in 2006 (BAUM-01 10)
Number of
residential
buildings

Number of
flats

Residential buildings - stock

28.332

51.492

Residential buildings – 1 flat

20.280

20.280

Residential buildings – 2 flats

5.146

10.292

Residential buildings – >3 flats

2.906

20.920

Flats in non-residential buildings
Sum

28.332

Living space
[m²]
5.099.162

1.532

148.500

53.024

5.247.662

Taking into account that the living space in the district of Ebersberg changed to 5.915.377 m²
in 2012 (see table below), the annual consumption of heat thus also changed to approximately 1.181.899.675 kWh/a in 2012.
Table 12: Residential building stock in the district of Ebersberg in 2012 (SÄBL-05 12)
Number of
residential
buildings

Number of
flats

Residential buildings - stock

31.388

Residential buildings – 1 flat

22.738

Residential buildings – 2 flats

4.803

Residential buildings – >3 flats

3.832

23.905

15

464

31.388

56.713

Residential homes
Sum

37

Living space
[m²]

56.713
5.915.377

5.915.377
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Power consumption in the district of Ebersberg
This section is based on data from 2006 that were distributed from the main energy suppliers
E.ON Bayern and Rothmoser GmbH and adopted from the integrated climate protection plan
of the district of Ebersberg. E.ON provided data of the private, commercial and public sectors
from each municipality separately whereas Rothmoser GmbH transmitted data of Grafing in
total. Data of Forstinning, Hohenlinden and Kirchseeon are fragmentary. While
Figure 14 illustrates the proportions of power consumption by the different sectors, Table 13
gives an overview about the apportionment of energy consumption in the municipalities of
the district of Ebersberg in 2006.

Power consumption district of Ebersberg
5%

private,
about 255 MWh
business,
about 154 MWh

36%
59%

public,
about 21 MWh

Figure 14: Power consumption in the district of Ebersberg (BAUM-01 10)
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Table 13: Power consumption by sectors in the district of Ebersberg in 2006 (BAUM-01 10)
COMMUNES

PRIVATE
(kWh/a)

COMMERCIAL
(kWh/a)

PUBLIC (kWh/a)

SUM (kWh/a)

Anzing

9.078.695

3.851.419

969.625

13.899.739

Aßling

10.267.030

3.772.298

768.028

14.807.356

Baiern

3.312.682

340.794

188.821

3.842.297

Bruck

3.362.195

21.765

68.654

3.452.614

Ebersberg

27.304.776

11.706.501

6.451.988

45.463.265

Egmating

4.766.611

474.988

104.781

5.346.380

Emmering

3.651.467

399.755

151.718

4.202.940

Forstinning

9.014.807

3.085.075

609.716

12.709.598

159.478

84.083

4.360.299

Frauenneuharting 4.116.738
Glonn

10.804.757

7.158.710

989.450

18.952.917

Grafing (E.ON)

8.294.640

2.444.913

610.963

11.350.516
25.400.767

Grafing
(Rothmoser)
Hohenlinden
Kirchseeon

19.652.894

10.974.467

1.097.911

31.725.272

Markt Schwaben

20.457.833

26.162.435

1.776.965

48.397.233

Moosach

3.589.398

160.158

152.581

3.902.137

Oberpframmern

5.689.067

3.198.428

281.605

9.169.100

Pliening

11.892.257

3.791.595

357.791

16.041.643

Poing

23.710.321

27.115.715

1.422.743

52.248.779

Steinhöring

9.097.090

23.439.597

584.237

33.120.924

Vaterstetten

49.748.267

22.594.183

2.001.314

74.343.764

Zorneding

17.397.190

3.216.400

2.182.760

22.796.350

SUM

255.208.715

154.068.674

20.855.734

455.533.890

E.ON Bayern: Appraisal of consumption per communes in 2005 & 2006
Rothmoser GmbH: www.rothmoser.de, retrieved May 2008
there are further suppliers than E.ON and Rothmoser; because of the small share they are not implicated in the analysis
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The latest data on energy consumption in the district of Ebersberg and its municipalities is
provided by first interim results of the energy usage plan. These data represent the power
consumption in 2011 and 2012. SEW and Rothmoser distributed data from 2012 while E.ON
provided data from 2011. The following illustration has been presented in Poing in February
2014.

Figure 15: Power consumption in the municipalities in the district of Ebersberg (ECB-01 14)
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Energy consumption from traffic
The bases for the assessment were registered power-driven vehicles in the district of Ebersberg. These were cars, heavy goods vehicles, local public transport (LPT), busses, suburban
train (S-Bahn) and traffic on motorways except transit. The number of these registered vehicles was charged against average mileage and fuel consumption. The proportionate energy
consumption (rounded) in the traffic sector is shown in
Figure 16 below.

0%

1%

1%

suburban train
6%

bus
11%

motorcycles
tractors
trucks (tractor unit)

57%

24%

trucks (>3,5 t)
cars

.
Figure 16: Proportionate energy consumption in the traffic sector (BAUM-01 10)

The following table presents the energy consumption in the traffic sector divided into the
source of power. The results are based on calculations that were made in the framework of
the integrated climate protection plan of the district of Ebersberg with data from 2007.
Table 14: Energy consumption in the traffic sector (BAUM-01 10)
Sector

Energy consumption

Petrol

371.376.623° kWh/a

Diesel

840.421.804° kWh/a

Sum

1.211.798.427° kWh/a

The current status of power-driven vehicles and their propulsion systems in the district of
Ebersberg in comparison to 2012 and 2013 were obtained from the newspaper “Ebersberger
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Zeitung” from 3rd June 2013 and are shown in
18.

Figure 17 and

Figure

Figure 17 Cars and their propulsion systems in 2012 (EBEZ-01 13)

Cars and their propulsion systems in 2013
others

140

natural‐gas engines

527

diesel engines

25418

gasoline engines

46822

cars in total

72907

Figure 18: Cars and their propulsion systems in 2013 (EBEZ-01 13)

Figure 19 illustrates the comparison of power driven vehicles in the district of Ebersberg in
2008 and 2011 by all types of vehicles such as passenger cars, trucks, motorcycles, tractors,
buses, and others.
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Figure 19: Power-driven vehicles in 2008 and 2011 in the district of Ebersberg (SÄBL-04 13)

In Table 15, data are used from Bayerisches Landesamt für Statistik und Datenverarbeitung
to derive trends by calculating the increase of the number of power driven vehicles in the
district of Ebersberg from 2008 until 2013.
Table 15: Number of power-driven vehicles in the district of Ebersberg (SÄBL-04 13)
Trends in the district of Ebersberg
in 2008:

81.287

+1,13 %

in 2009:

82.203

+1,82 %

in 2010:

83.702

+2,15 %

in 2011:

85.504

+2,83 %

in 2012:

87.928

+2,38 %

in 2013:

90.018
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2.4

Energy Transmission and Distribution

There are three major energy suppliers in the district of Ebersberg, Bayernwerk AG (E.ON
Bayern), P&M Rothmoser and Stadtwerke Ebermannstadt Versorgungsbetriebe GmbH
(SEW). P&M Rothmoser GmbH manages only the power grid in the area of Grafing while
Bayernwerk AG is responsible for the management of most of the power grid in the district of
Ebersberg. The power grid operator in Hohenlinden is SEW GmbH. The following figure
proves this proclamation by showing an extract of the electricity grid operators in Bavaria in
2012.

Figure 20: Extract from the electricity grid operator in Bavaria in 2012 (LTDVB-01 12)

2.4.1

Power grid

Before the current situation of the power grid in the district of Ebersberg is described, an introductory part provides some general information about power grids. The information are
based on work that has been carried out by Michael Wedler from B.A.U.M Consult during his
work as a member of the BDI-Taskforce “Internet der Energie” in the framework of an accompanying research in E-Energy in 2010.
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Challenges for power grids
Electricity grids of medium and low-voltage are called distribution networks. In rural territories
there are many so called star power grid operators. Here single branch lines supply a town.
In urban areas on the other hand, there are often so called meshed loop grids. Districts are
supplied by several local transformers. Most of the renewable energy plants are installed
locally, too. This implies that more than 97 % of the renewable energy plants feed into distribution networks are typically rural distribution grids. These are particularly prone to technical
problems and therefore investments are required. Grid experts expect the limits of the grid to
be reached at a share of 35-40 % of renewable energy sources. In some regions there already exists a temporary overload of network areas. The following two grid problems arise:


Temporary voltage dips and spikes

An unbalance between supply and consumption caused by fluctuating feed-in gives rise
to temporary voltage dips and spikes towards affected feeders of the distribution network.
Feeders with a high share of fluctuating feed-in are at a particular risk. Thus a temporary
high feed-in and at the same time low consumption leads to increased voltage.


Temporary reverse of load flow

Primary and secondary control technology in distribution networks is designed for load
flow from a central producer to local consumers. With fluctuating feed-in, temporary distribution network areas might feed in power to upstream networks instead of using it. This
is called reverse of load flow. It can lead to a deficiency of the protection technology that
can cause damage for the network in cases of disruption. In an increasing number of
cases, the load flow to the upstream networks is higher than the load flow the network
was designed for. This leads to an accelerated aging of cables and transformers and
even destruction in the worst case.

Mains frequency variation
In the mains frequency the balance between production and consumption is pictured.
The feed-in of renewable energy sources often varies within a short space of time, e.g. when
clouds pass a photovoltaic plant. These fluctuations have to be compensated by modulation
of other production and consumption infrastructure. As a result of the time lag in the compensation the mains frequency varies. These variations affect the functioning of electrical
equipment and lead to resonance vibration of generators.
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Approaches for balancing volatile production and flexible consumption
To balance fluctuating production, flexibilities of different origins can be used:


Flexible production plants, e.g. CHP



Flexible consumer, e.g. cooler unit



Flexible storage

Now that challenges and technical aspects of power grids have been described to give some
theoretical background, the next part focuses on the current situation in the district of Ebersberg.
The following figure presents the supergrid in Bavaria. While the red colour is used to highlight power grids of 380 kV, the green colour presents power grids of 220 kV.
With regard to the district of Ebersberg, Bayernwerk AG is operating the energy transmission
grid in this region. As you can see in
Figure 21, there is a supergrid of 220 kV in Munich leading to a transformer substation in Rosenheim that is close to the district of Ebersberg. To receive a better overview and orientation of the location of the district of Ebersberg,
also in relation to Munich, a map is provided in
Figure 22.
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Figure 21: The supergrid in Bavaria (FFE-01 13)

Figure 22: Location of the district of Ebersberg (BSJ-01 08)
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The district of Ebersberg holds six transformer substations in total. These substations are
located in Vaterstetten, Ebersberg, Steinhöring, Schwaben, Landsham and Poing (EAB-0114).
On the basis of both figures, it appears that the district of Ebersberg is located close to Munich and therefore well connected to the supergrid. Out of the advantageous location of the
district, it can be concluded that current demand of energy can be relatively easy adjusted. In
more rural areas, the situation might very likely be different. Therefore the relevance of storage capacities in the district of Ebersberg at the moment is not very high.

2.5

Energy Storage

The ultimate objective of energy storage is to help ensuring human needs such as lighting,
motion, heating, cooling, transport, information, products, etc. To this end, energy is required
and depending on the way how these needs are addressed, the required form of energy
might, among others, be electricity. As these needs are essential, the provision of energy
must be secure, reliable, and affordable, but also nondetrimental to the climate and ecologically friendly. A broad consensus exists that an energy supply system that fulfils these criteria must be mainly based on renewable energy sources (RES) on a worldwide scale by the
middle of the 21st century at the latest. An analysis of the potentials of different RES shows
that a suitable mix of renewable energy (RE) technologies will be dominated by electricity
generating technologies making use of the intermittent sources of solar radiation and wind
power. At this point storage comes into play on a larger scale than ever before (BAUM-03
13).
Storages where electricity is converted into another form of energy (e.g. hydrogen) and then
back into electricity are rather an exception. Generally, stores are elements of energy conversion chains which provide a buffer between two forms of energy and which can very often
equally well be used for generation or Demand Side Management. Stores can also link the
main energy vectors electricity, heat, and gaseous fuels. All these interdependencies need to
be taken into account when investigating storage comprehensively in order to derive conclusions for an overall optimised future energy system (BAUM-03 13).
While the second part of the report addresses the subject of future energy storage in the district of Ebersberg, this chapter provides the existing storage capacities that are already available in the district. The theoretical basis for this chapter is provided by the National Framework: The case of Germany that was developed by Dr. Michael Stöhr within the AlpStore
project.
In the district of Ebersberg exists one underground gas storage. This underground gas storage is located in Wolfsberg and owned by RWE-DEA AG. The plant entered into service in
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1973 and is used by Bayerngas. The total gas storage capacity of the plant is 320 million
cubic meters (m³) (BSW-01 13). The following figure shows a picture in bird eye perspective.

Figure 23: Underground gas storage in Wolfsberg (FOTAG-01 14)

According to Energie-Atlas Bayern 2.0 (state: 2nd March 2014), there are 23 biogas plants in
service in the district of Ebersberg. 21 biogas plants are operated by Bayernwerk AG (E.ON
Bayern) and only two plants are operated by P&M Rothmoser GmbH in the area of Grafing.
There are some ideas to use electrical vehicles as storage for excess electrical power. According to the Federal Motor Transport Authority of Germany (Kraftfahrtbundesamt), 19 electrical vehicles were registered in the district of Ebersberg on the 1st January of 2013 (KFBA-
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01 13). Altough mobile batteries in electrical vehicles are not very relevant as storage in the
district of Ebersberg at the moment, they are already a big subject in research for future application. Also in the National Framework: The case of Germany, Dr. Michael Stöhr mentiones that EVs are definitely an option for local action, notably for players who operate collective fleets or vehicle renting organisations (BAUM-03 13). Later in the second part of the
document, there will be a closer examination of the potentials of mobile batteries in electrical
vehicles for future storage capacities (see 4.2.).
Contrary to mobile batteries, stationary batteries do not necessarily need to be light-weight.
Their volume is more important. The safety requirements are also lower. E.g. it is not necessary that the battery can be turned up-side down without causing damages, thus allowing
also the use of lead-acid batteries more easily. Examples of stationary batteries include lead
acid batteries, lithium ion batteries, (vanadium) redox-flow batteries or hybrid-flow batteries.
They are definitely an option for local application, in particular in connection with PV systems
and for increasing the self-supply rate (BAUM-03 13). According to an article in pv magazine
(2013), about one third of the electricity generated by photovoltaic systems installed in 2013
was estimated to be consumed by the operators themselves. Many operators equip new PV
systems with a battery store to increase the rate of selfconsumption. Feedbacks from regional speciality stores indicate that only a rather small number of battery storages have been
sold in the district of Ebersberg so far.
To promote successfully implemented new ideas regarding energy efficiency, energy usage,
use of renewables and application of new technologies for energy saving and use, the district
of Ebersberg even has initiated a competition called “Energiepreis”. Here, very innovative
and successful examples that fulfilled the above mentioned criteria received a price that was
endowed with 3000 €. Regarding battery storage in combination with PV systems, the winner
of the Energiepreis in 2013 has among other things, installed such a system in his residential
building (EBE-06 13).
To receive an overview about the different energy storage technologies that are also reviewed in detail in chapter 4 Future Energy Storage, the following table is provided.
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Table 16: Overview energy storage possibilities (AE-01 11)
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3 Future Energy System
This chapter addresses the future energy system in the district of Ebersberg. Due to the fact
that there is no exact way of predicting the future, assessments of potentials have been
made to describe the potential future energy system. The basis for this chapter is the integrated climate protection plan of the district of Ebersberg. In this plan, several parameters
were used to calculate and to determine the future potentials of renewable energy production
(see Table 17). Furthermore, only one out of four different kinds of potentials was picked to
describe the use of renewable energy in the future. A short description of all four different
kinds of potentials is provided below.
While exploring future potentials on renewable energy production, four different kinds of potentials (KDE-01 07) were defined in the integrated climate protection plan.


Theoretical potential: the physical available potential of a certain region in a certain
period (insolation, biomass grown on a certain area etc.)



Technical feasible potential: the part of the theoretical potential that can be unlocked by available technologies and by complying with the regulatory framework



Economically reasonable potential: the part of the technical feasible potential
which can be considered under an economic point of view



Deducible potential: the part of the economically reasonable potential where ecological and social aspects, acceptance and institutional affairs are also considered

Figure 24: Definition of potentials

In this chapter of the report only the deducible potential of renewable energies will be considered. Furthermore this potential is split into the already used potential and the potential
that can be used until 2030.
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Table 17: Basis of calculations, parameters and variable (BAUM-01 10)
RESOURCE

GENERAL
INFORMATION

ELECTRICITY

HEAT

SUN

Technical data for
the conversion of
energy supply

Others

Usable roof areas (expo- 35
sition, decline, shadow,
statics)

%

Minimum calculation: 3 m² or
rather 1.200 kWh/person

Annual production

130

kWh/m²

400

kWh/m²

Full load hours

1000

h

1000

h

Performance

0,13

kWp/m²

5,00

kWth

t/kWh

0,000229

t/kWh

Annual heat transmission

10.000

kWh/a

Abstraction capacity

0,05

kW/m

Full load hours

2.000

h

Length

100

m

Installable in (buildings
adequate for floor heating)

30 % of residential buildings,
one probe per flat

Potential of CO2 reduction 0,000584

WIND
Annual production/ plant

5.053.500

kWh

Performance/ plant

2 000

kW

Full load hours Bavaria

1.123

h

Hub height

120

m

Rotor diameter

120

m

GEOTHERMAL ENERGY
Geothermal probe
(near-surface)

Thermal water bore Annual heat capacity
in the molasse soil
(Deep geothermal
energy)

52.000.000

Adequate for settlements
of more than 10.000 inhabitants,

Deep geothermal
energy power-heat
cogeneration

kWh/plant

in the district of Ebersberg:
max. 5 settlements

At least. 120°C hot water Corresponding to exploration drillings: no
locations in
the disrict of
Ebersberg
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BIOMASS
Wood firing

Efficiency

85

%

Biogas plants

Efficiency

38

%

38

%

Operating hours

8.000

h

8.000

h

Energy yield
renewable bioresources

16.000

kWh/ha

Energy yield
manure

1.000

kWh/GVE

1.000

kWh/GVE

Energy yield
poultry dung

4.000

kWh/GVE

4.000

kWh/GVE

Energy yield
organic waste

274

kWh/t

274

kWh/t

Precursor

Reference base

Energy content

Wood

Wood growth

25.000

kWh/ha

Renewable
bioresources

Arable land

60.000

kWh/ha

Renewable
bioresources

Grassland

40.000

kWh/ha

Biogenic waste

Manure

0,060

t/GVE

Organic waste

0,065
or 750

t/Person
kWh/t

Wastes of gastronomy

0,0003

t/overnight
stay

6

kWh/m³

Biogas
Biofuel

Fuel compensation

Yield / area cultivated

Energy content / litre

Veg-oil

0,96 l diesel

1.480

l/ha

9,31

kWh /l

Biodiesel

0,91 l diesel

1.550

l/ha

8,83

kWh /l

Bioethanol

0,66 l petrol

2.560

l/ha

5,68

kWh /l

Biogas

1,40 l petrol/kg

3.560

l/ha

12,04

kWh /l
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Trends
The population growth of the district of Ebersberg is estimated to increase by 9.4 % between
2011 and 2031. In absolute numbers, the population of the district of Ebersberg is anticipated
to grow to 138.700 in 2021 and to 143.100 in 2031 while in 2011 the total amount of inhabitants that were living in the district was 130.818 (BLSD-01 12). This trend is illustrated in the
following figure by linking the population development from 1961 until 2013 with the population development forecast until 2031.

Figure 25: Trend of population development in the district of Ebersberg from 1961-2031 (BLSD01 12, BLSD-02 13)

The population development in the district of Ebersberg will increase in the next 20 years as
shown in the figure above. This trend alone does not provide sufficient information to make
assumptions regarding the development of mobility. Here, it is decisive to look at the demographic development of the district of Ebersberg for the next 20 years. According to the Bayerisches Landesamt für Statistik und Datenverarbeitung, the proportion of population under
18 years of age is forecasted to decrease by 1.1 % until 2031. The proportion of population
over 65 years of age on the other hand is forecasted to increase by 42.2 % until 2031.
In the mobility report of the district of Ebersberg, it emerges that the gap in the demographic
pattern will cause consequences with regard to mobility in the district of Ebersberg. Due to a
decline in the number of school children, school transport is assumed to decrease. Further-
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more it is recognized that in specific agglomerations, people between 20 and 29 years of age
are holding less drivers licences and are using the car less often. In contrast, it is assumed
that the population above 65 years of age will lead to increased motorisation and car use
(MVV-01 12). In the last five years the number of power driven vehicles in the district of
Ebersberg has continuously increased as shown in the figure below.

Figure 26: Power driven vehicles in the district of Ebersberg in 2008-2013 (SÄBL-04 13)

As a result, energy consumption from traffic has increased within the last years. Besides
power-driven cars, there are also electrical vehicles becoming more common in the district of
Ebersberg. Although there are only 19 electrical vehicles in the district so far (state: 1st January 2013, KFBA-01 13), forecasts for future indicates a number of 11.765 electrical vehicles
in the district of Ebersberg (see 4.2). As a reference point, the Federal Government of Germany has the aim to have 1 million electrical vehicles in 2020 and 6 million electrical vehicles
in 2030 in action (BR-01 14). The following figure illustrates the development of electrical
vehicles and hybrid cars from 2006 until 2013 in Germany.
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Figure 27: Number of electrical vehicles and hybrid cars in Germany (FAZ-01 13)

With regard to energy consumption, not only the amount of energy used in the traffic sector
has increased. Also the energy consumption from residential building stock has increased as
the number of the residential building stock has grown from a total living space of
5.247.662 m² in 2006 to 5.915.377 m² in 2012. In 2006 the annual consumption of heat was
1.115.128.175 kWh and has changed to 1.181.899.675 kWh in 2012.
The overall amount of energy that has been consumed in the district of Ebersberg has also
increased between 2006 and 2012. In 2006 the power consumption was 445.533.890 kWh
while in 2012 it was 507.948.700 kWh.
Hence, the power that has been generated in the district of Ebersberg also increased. In the
course of a transition to 100 % energy supply from RE in 2030, the district of Ebersberg has
already achieved a significant increase in the share of renewable energies. This trend is
shown in a figure that has been adopted from the district of Ebersberg and already been
shown in chapter 2.1, page 28.
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3.1
3.1.1

Regional Energy Production
Conventional Power Plants

Depending on the steady increase of renewable energies there will be a decrease of fossil
and nuclear energy demand. The objective of the district of Ebersberg is to produce as much
electric energy out of renewable sources, as will be consumed in 2030. A prognosis of the
development of power generation from fossil fuels and nuclear energy from 2007 until 2020
is provided in the Figure 28. In addition to that, Figure 29 illustrates the projected energy mix
in 2020 in Germany. Here, it is worth mentioning that Germany has decided to phase out of
nuclear energy until 2022 (FOCUS-01 14). That decision was made after the dramatic nuclear accident in Japan in 2011.

Figure 28: Alteration of fossil and nuclear power generation until 2020 in Germany (BEE-01 09)
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Figure 29: Prognoses of energy mix in 2020 in Germany (BEE-02 09)

Both figures represent future projections for Germany and are not specifically addressed to
the district of Ebersberg. Nevertheless it shows that with continuous increases in the expansion of renewable energies, fossil- and nuclear energy sources will account for less and less
shares of the electricity that will be generated. Coal and lignite as well as natural gas will be
the dominant non-renewable energy source during the transition towards a 100 % renewable
energy system.
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3.1.2

Renewable Energies

For most of the renewable energy potentials there are no absolute amounts as potentials of
solar, wind and geothermal energy are available. For this purpose the potentials were set in
relation to the objectives of the energy policy of the district of Ebersberg mainly considering
the demand of energy which means especially power and heat.
First there will be quantification without restrictions of each renewable energy source that
could possibly cover the demand of power and heat.
A realistic scenario will then be drawn with a realizable potential of the energy resources.
Therefore the following questions can be asked:


To what extent does each renewable energy source have to be used to theoretically
guarantee the future power and heat supply?



What role do the different energy resources play in the future self-sufficient energy
mix based on a realizable potential of the energy resources?

Photovoltaic
Due to increasing competitiveness, market trends and willingness of citizens for capital investments as well as technical improvements concerning efficiency, performance and assembly techniques, the ambitious assumption was that 20 % of the building area of the district can be used for the installation of photovoltaic power plants.
To identify the potentials of power and heat of solar energy, the usable roof areas per inhabitants were averaged (see
Table 18).
Table 18: Areas of solar energy (BAUM-01 10)
Area

Solar Energy

Roof areas in the district

6.539.810

m²

Residential buildings

3.592.631

m²

Non-residential buildings

2.947.179

m²

35 %

around
2.300.000

m²

To define usable roof areas in the district of Ebersberg, in the integrated climate protection
plan the usable roof areas of Germany were divided by the number of inhabitants of Germany. This resulted in a usable roof area per German inhabitant of 18.47 m². This result was
then multiplied by the number of inhabitants of the district of Ebersberg which was 127.108 in
2008 (BAUM-01 10) and reduced to 35 % (according to the assumption of 65 % of roof areas
that can’t be used for solar energy installations because of their orientation, shadows etc. this
rate comes up with the national experiences of solar installations on roof areas and is adjusted with regional experts). Thus 2.300.000 m² of roof areas in total were used for solar energy
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installations. These results that were adopted from the integrated climate protection plan
represent the basis for the calculation of how much heat and power the area is able to produce.
100 % use of roof areas for photovoltaic
On average the annual production of photovoltaic power plants is 130 kWh/(m²·a). This has
to be multiplied by the usable roof area for photovoltaic. We assume that the maximum of
area has a potential of 303.577.651 kWh for energy per year.
Solar thermic energy
100 % use of roof areas for solar thermic energy
On average the annual production of heat is 400 kWh/(m²·a) (SIR & SolarComplex). This has
to be multiplied by the usable roof area for solar thermic systems. We assume that the maximum of area has a potential of 934.085.081 kWh for heat per year.
Solar thermic & photovoltaic
Combined use of solar thermic & photovoltaic on roof areas
To apportion solar thermic and photovoltaic installations on roof areas, it is assumed that
there is a need of 1.200 kWh of solar thermic output per inhabitant. The total hot water supply and a small amount of supplementary heating is covered by this amount 1.200 kWh/a
further are on a par with 3 m² of solar collectors (400 kWh/(m²·a)) per inhabitants. As there is
not that much usable roof area available per inhabitant (e.g. in an apartment building there is
less availability than in a single-family home) the solar thermic area is to be reduced to
1.6 m². Thus it makes 80.890.000 kWh/a solar thermic heating according to 202.240 m² usable roof area.
According to that, the difference between the usable area in total and the area used for solar
thermic systems is left for the use of photovoltaic. The input of plot-lay-outs is not listed separately here. It is supposed to be included in the roof area potential. Taking these issues into
account, there is a usable roof area of 2.132.973 m² for photovoltaic power plants. At this
area it is possible to produce 277.286.451 kWh/a of power (2.132.973 m²·130 kWh/(m²·a)).
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The following table was developed within the integrated climate protection plan for the district
of Ebersberg in 2010 and shows the solar potentials of the district of Ebersberg.
Table 19: Solar potential of the district of Ebersberg (BAUM-01 10)
Base data for solar potential
Population district of Ebersberg

126.400

inhabitants

Power – annual production

130

kWh/m²

Heat – annual production

400

kWh/m²

Solar-heat demand for hot water and little support for
the heating system per person

1.200

kWh

1,6

m²

Entire roof area - Germany (m²)

4.345.000.000

Usable roof area - Germany (m²)

35° %

1.520.750.000

Germany – population

82.314.900

Germany – usable roof area / inhabitant (m²)

18,47

Germany – usable roof area for PV / inhabitant (m²)

16,87

Germany – usable area for solar collectors / inhabitant (m²)

1,60

District of Ebersberg – Usable roof area for PV (m²)

2.132.973

Power potential (kWhel/a)

277.286.451

District of Ebersberg – Usable roof area for solar
collectors (m²)

202.240

Heat potential (kWhth/a)

80.896.000

Usable roof area for solar energy in total (m²)

2.335.213

Power potential (kWhel/a) if exclusively PV

303.577.651

Heat potential (kWhth/a) if exclusively solar heat

934.085.081

Biomass
For the evaluation of the potential of biomass aspects, different fields have to be considered:


Competition between food crops and energy crops, price and market trends



Competition between timber industry and wood for energy production



Ecological effects on habitats of endangered species
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The extension of the biomass production might have a negative impact on the appearance of the cultural landscape and therefore also on tourism. Therefore a restrained extension of cultivation areas is recommended



Technological development and increasing efficiency of biogas power plants

Regarding economic, ecological and cultural aspects as well as a challenging market situation and conflicting interests, the potential of biomass production was estimated on a cautious basis and verified in a stakeholder dialogue.
Biomass as energy source
Regarding to regional operators of agriculture and forestry and especially the Agency for
Agriculture and Forestry, the potential of biomass energy production is identified as follows.
There is a potential availability of 15 % of sustainable wood farming, 15 % of animal based
raw materials and 20 % of sustainable bio resources of arable areas (not grassland). Furthermore vegetable residues of public open spaces and road sides as well as organic wastes
of gastronomy and private households are potentially usable for energy production.
Potential for production of energy from wood
Wood is assumed to be used only for heat generation e.g. wood log, wood chip and pellets,
but for producing energy. Based on wood growth in state forests, small and large private forests as well as in communal forests the potential output of heating with wood is calculated.
According to regional experts 1 % of wood in these four types of forest areas can be used for
energy recovery. As there aren’t any companies that use wood as raw material, sawmill byproducts were not considered.
Supposed wood growth produces energy contents of 25.000 kWh/(ha·a), there is an use of
wood for energy of 78.000.000 kWh/a. Considering the 85 % efficiency of wood heating,
there is a heating potential of 66.300.000 kWh/a.
Potential of animal-origin residues and renewable bio resources for the use in biogas
plants
The potential of generating power and heat in biogas plants from manure and poultry dung is
calculated on the basis of available livestock units (LSU). The livestock unit is a reference
unit which facilitates the aggregation of livestock from various species and age as per convention, via the use of specific coefficients established initially on the basis of the nutritional
or feed requirement of each type of animal (EC-01 14).
The contingent that is available for energy recovery is 15 % of the LSU of the district in total
and the expected power and heating efficiency per LSU. Manure thereby has a power and
heating efficiency of 1.000 kWh/LSU, poultry dung one of 4.000 kWh/LSU. In total this makes
a potential for generating power and heat from manure of 4.996.650 kWh/LSU and from
poultry dung of 108.000 kWh/LSU.
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The potential for generating power and heat from renewable bio resources of arable areas is
the result of the quota of arable areas that are available for the production of renewable bio
resources. Based on expert interviews it is assumed that 20 % of the arable areas allow renewable bio resources production.
On the basis of a power and heat output of 60.000 kWh/(ha·a) there is a potential of
48.940.800 kWh for both, power and heat.
As grassland is essential as forage area there is no potential for the use for energy purposes.
The overall potential for the use of renewable bio resources and the organic waste of agriculture for power and heat is at the level of 54.045.450 kWh each.
Potential of energy recovery from plant remains in biogas plants
In biogas plants vegetable residues from public open spaces and road sides can also be
converted into power and heat.
It is assumed that the entire residues of public green areas (that are 1.129 ha) will be supplied for energy recovery. Supposed the power and heat output is 16.000 kWh/(ha a), there
is a potential of 18.064.000 kWh/a for power and heat from public open spaces.
Grass from roadsides offers a potential of 62.052 kWh/a for heat and power. In total it is then
a potential output of 18.126.052 kWh/a by using residues from conservation of the countryside.
Potential of energy recovery from organic wastes of gastronomy in biogas plants
For the calculation of the potential 0.0003 t per overnight stay which means 300 000 t per
year were determined. Supposed the power and heat output is 274 kWh/(t·a) there is a potential of 25.087 kWh/a for power and heat from organic wastes of gastronomy.
Potential of energy recovery from organic wastes of private households in biogas
plants
For the calculation of the energy recovery potential from organic waste of private households
9.000 t/a shall be assumed.
Supposed the power and heat output is 274 kWh/(t·a) in a biogas plant there is a potential of
2.462.400 kWh/a for power and heat from organic wastes of private households. Today this
biomass is composted closely to the place where it is produced. Although there is limited
potential (1.000 MWh/a) for energy recovery in a biogas plant, it is a medium term target in
the political debate.
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Total potential of power and heat from biomass
Based on the assumption that any biomass except wood is used in biogas plants there is an
energy output of 75 GWh power and 141 GWh heat per year.
The following table shows the potentials from biomass in the district of Ebersberg.
Remark:
There are different ways of using biomass e.g. combined heat and power production in big
wood heating plants or using it as fuel for power-driven vehicles. In the end valuations in a
balance sheet show that on average there is a lower level of energy then. These issues have
to be discussed carefully and on a case-by-case basis as it also depends on the technical
evolution in future.
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Table 20: Biomass potentials (BAUM-01 10)

kWh/a

%

kWh/a

kWh/a

kWh/a

WOOD

20.800

520.000.000

15 %

78.000.000

0

66.300.000

state forest

(logging:
93000 bank
meter fm)

8.944

223.600.000

15 %

33.540.000

28.509.000

private forest (logging: 6000 9.360
(small areas) rm [cubic
meter] )

234.000.000

15 %

35.100.000

29.835.000

private forest
(large areas)

2.288

57.200.000

15 %

8.580.000

7.293.000

communal
forest

208

5.200.000

15 %

780.000

663.000

1.153.024.862

16 %

183.570.093

54.045.450

54.045.450

Ha

SHARE

WEIGHT
t

ENERGY
CONTENT

LSU

FOREST

AREA OF
WOOD
GROWTH

HEAT

TECHNICAL POTENTIAL

POWER

THEORETICAL POTENTIAL

ENERGY
CONTENT

RESOURCE

LIVE STOCK

ORIGIN

POTENTIAL OF
ENERGY
RECOVERY
(energetic usable
potential)

AGRICULTURE

RENEWA26.246
BLE BIORESOURCES +
ORGANIC
WASTE

animal-origin
residues

MANURE

33.311

269.819

15 %

40.473

4.996.650

4.996.650

POULTRY
DUNG

180

10.800

15 %

1.620

108.000

108.000

15.294

917.640.000

20 %

183.528.000

48.940.800

48.940.800

RENEWABLE 10.952
BIORESOURCES –
GREEN
AREA

235.104.242

0%

0

0

0

45.323.296

100 %

45.160.000

18.126.052

18.126.052

45.160.000

100 %

45.160.000

18.064.000

18.064.000

62.052

62.052

RENEWABLE RENEWABIOREBLE BIORESOURCES
SOURCES –
CROPLAND

PRESERVA- WOOD +
TION
OF RENEWALANDSCAPE BLE BIORESOURCES
GREEN
AREAS
(parks, communal green
spaces)

1.129

GRASS
CUTTING
(roadside
green)

252

163.296

100 %

GASTRONOMY

ORGANIC
WASTE

92

68.769

100 %

68.769

25.087

25.087

PRIVATE
HOUSEHOLDS

ORGANIC
WASTE

9.000

6.750.000

100 %

6.750.000

2.462.400

2.462.400

SUM

1.725.166.927
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Geothermal heat
Depending on the geology of the area and the amount of possible heat purchase, geothermal
energy can contribute to the energy production. An extensive risk management and a transparent communication strategy involving all stakeholders should accompany the planning
and drilling process for a successful realisation.
Deep geothermal energy:
To generate heat solely hydrothermal systems can be used. As in the area of Ebersberg the
temperature of the watered molasse soil is below 100°C, it minimises the output of the hydrothermal resource in the district of Ebersberg (oral information of Stadtwerke München and
Erdwerk GmbH).
As the district of Ebersberg is located in the southern German molasses basin, the use of the
Hot-Dry-Rock method wasn’t considered in the analysis of the potentials.
If a bore for thermal water close to municipalities in the district with more than 10.000 inhabitants is as profitable as plants in Poing (52.000.000 kWh/a) or Vaterstetten
(80.000.000 kWh/a), there will be a potential of 288.000.000 kWh/a.
Near-surface geothermal energy
Via geothermal probes near-surface, geothermal energy is used. The use of these probes is
profitable in assumed 30 % of the residential buildings in the district of Ebersberg. The assumption is deduced from the fact that the only way to use a geothermal probe efficiently is
with underfloor heating. This is already or can be easily installed in approximately 30 % of
the residential buildings.
Following Staiß 2007, a geothermal probe is able to produce up to 15.000 kWh per year.
Thus, there is a potential of 176.805.000 kWh/a. The following table shows the specific facts.
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Table 21: Potentials of geothermal energy (BAUM-01 10)
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Wind
Wind velocity rises significantly with increasing height. The yields will increase by 1 % per
one meter increasing hub height. Based on landscape structure and forest cover in the district of Ebersberg, a hub height of 120 m is economically necessary.
For acoustic, environmental and economic reasons inland optimised and gearless wind power plants with a hub height as high as possible should be used. Therefore 2 MW plants with a
hub height of 138 m were recommended.
Potential sites should ideally exceed 590 m above sea level. On those grounds, the height of
the eastern part of the Ebersberg Forest and the area from Kirchsee on to the Egmating forest can be pointed out.
Considering wind conditions, criteria like shadows and noise and correct distance of the
plants, there are a total of three suitable locations for wind farms with five wind power plants,
each in the district. But there hasn’t been a detailed analysis so far.
The following

Table 22 shows data of wind potentials in the district of Ebers-

berg.
Table 22: Wind potentials in the district of Ebersberg (BAUM-01 10)
Wind potentials in the district of Ebersberg
Performance per plant

2

MW

Performance per plant

2.000

kW

15

Number of plants
Working hours

1600

h/a

Full load hours - Bavaria

1.123

h

4.500.000

kWh

67.500.000

kWh

Annual output per plant
Annual output of 6 plants

Enercon E82

Plant
Hub height
Diameter
Input per plant (E82 plant)
Investment costs for 15 plants
Yield for fund of citizens

138

m

82

m

4.200.000

€

63.000.000

€

9

%

Source: Ostwind: Appraisal of wind energy potentials in the district of
Ebersberg, verbal information Nov. 2008

A more accurate analysis of the wind power potentials in the district of Ebersberg was accomplished. In May 2013 the Landratsamt Ebersberg (County Administration Office of the
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district of Ebersberg) published an intermunicipal ‘Plan on Concentration Areas’ for wind
power.
For this purpose, in a first step areas that are (economically) suitable for wind power plants
were identified. The following map shows these privileged areas for wind power plants in the
district of Ebersberg (see blue shaded areas).

Figure 30: Concentration areas for wind power plants in the district of Ebersberg (EBE-05 13)

A second step then analysed concentration areas where the raising of wind power plants
would be worthwhile in an ecological, economic and social sense. This leads to the following
map – the affected areas are blue shaded again. Based on this map approval procedures in
the different municipalities affected, have started already.
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Figure 31: Suggestive concentration areas for wind in the district of Ebersberg (EBE-05 13)

Water
The water power potential is estimated very low. Hence it isn’t nominalised at this stage.
The repowering of already existing power plants and the bringing into service of power plants
that are coherent with environmental aspects should be endeavoured. But even then there is
no strategic importance of water power in the integrated climate protection plan of the district
of Ebersberg
Résumé
In an analysis of potentials, very different aspects have to be taken in account. The following
table outlines the potentials of renewable energies in the district of Ebersberg.
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Table 23: Deducible potentials of different resource fields in the district of Ebersberg (BAUM-01
10)

SUN

Deducible potential:


Consideration of economic aspects: Competitiveness within 5 – 10 years, very positive development of the market & citizens are willing to invest
 Consideration of technical aspects: major improvement of efficiency, productivity & assembling
technology
 Ambitious assumptions (35 % usable roof areas; Photovoltaic: 130 kWh/(m² a); solar heat:
400 kWh/(m² a))
Deducible potential:

BIOMASS



Consideration of economic aspects: consideration of market situation (agricultural products compete with foods, forest products become part of the woodworking and paper industry)
 Consideration of ecological aspects: Ecological defensibility for forests (nutrient balance, deadwood as biotopes) and set-aside areas (nature aspects)
 Consideration of technical development: efficiency of combustion plants and biogas plants
 Based on the economic and ecological aspects the potential of energy recovery from biomass
can be identified
 The assumptions are formulated cautiously due to difficult market-conditions and conflicting interests. In a dialogue stakeholders of agriculture and forest agreed.

GEOTHERMY

Deducible potential:


The realization of deep geothermal energy depends on the number of heating clients. The energy
density brings up settlements of at least 10.000 permanent residents.
 For this reason 5 plants in the range of Poing are realistic.
 The realisation of near-surface geothermal energy depends on the buildings‘ structures.
 Here it is assumed that in a share of around 30 % of the buildings floor heating is possible.

WATER

WIND

Deducible potential:


The use of this tremendous potential mainly depends on the number of plants and licensable
locations.
 Economic reasons and lack of locations (Distance to settlements, landscape) severely restrict the
number of plants.
 Technical guidance for most modern and efficient plants
 In the end the number of plants remains to be a political question.
Deducible potential:
 Topography of the area and nature conservancy does not allow a noteworthy development.
 There is no additional and strategically important potential quantifiable.

REDUCTION

Deducible potential:


Realisation solely depends on the economic and legal framework. Technical feasibility of reduction e.g. in restoration is not a limiting factor.
 Initiation depends on the social-political process (information policy, incentive policy and legal
framework)
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Complete fulfilment of demands through only one renewable energy source
This is a theoretical consideration to what extent the different renewable energy sources are
able to pay contribution to the energy demand.
To cover 100 % of the energy demand by one renewable energy source only would be a
huge effort. Until 2030 the following plants capacities should be created:
The following figure shows the plant’s capacity in pieces or relation to the total without considering heat pumps. The yellow highlighted data show the necessary capacity when heat
pumps are used which means a higher demand of power production and a lower demand of
heat production.

Figure 32: Complete fulfilment of demands by one RE source (BAUM-01 10)

The future power demand (incl. an actual reduction of 12 %) could theoretically be covered to
almost 100 % by any in the region available renewable energy source (see Figure 33).
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Figure 33: Coverage ratio of power (BAUM-01 10)

The future heat demand (see figure below) could theoretically be covered to 100 % by geothermal energy or biomass. For covering the demands with solar-thermal heat there isn’t
enough roof area available (45 % would have to be covered). Furthermore there wouldn’t be
a possibility to transport the heat adequately in accordance to the demands.

Figure 34: Coverage ratio of heat (BAUM-01 10)

The results of the analysis of the potentials in the district of Ebersberg show that a broad mix
of renewable energy sources is needed to meet the energy demands in 2030 to 100 %.
Therefore a discourse with citizens and politicians announces to consider all opportunities.
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The following brings up a setting for fulfilling the power demands in 2007 and 2030 and in a
second step a scenario for fulfilling the heat demands in 2007 and 2030 with renewable energy sources only.
Scenario for power
It is estimated that a power reduction by 25 % is possible. If heat pumps are used for heat
production this charges the electricity system with an additional 13 %. There is thus a reduction of 12 % left. This is based on data from Table 24.
Table 24: Recapitulation of data for scenario of power (BAUM-01 10)
ELECTRICITY

2007
NUMBER INSTALLED
(kWh/a)

TECHNICALLY
POSSIBLE (kWh/a)

DIFFERENCE
(kWh/a)

771

28.017.325

397.565.152

369.547.827

SUN

730

6.683.295

254.281.651

247.598.356

BIOMASS

22

20.209.519

74.658.990

54.449.471

WATER

19

1.124.511

1.124.511

0

GEOTHERMAL
ENERGY

0

0

0

0

WIND

0

0

67.500.000

67.500.000

25 %

341.650.418

113.883.473

additional demand because of heat pumps

59.652.000

395.881.890

if reduction of 25 %
+ additional demand for heat
pumps
--> reduction in total

12 %

401.302.418

54.231.473

current

427.516.565

POWER POTENTIAL

POWER DEMANDS

current
if reduction of

SHORTAGE OF
ENERGY SUPPLY

2030

if reduction of

455.533.890

25
%

if reduction of 12 %
SHARE OF RENEWABLE current
ENERGY SOURCES
if reduction of

-55.914.734
3.737.266

17 6 %
%
25
%

if reduction of 12 %

116 %
99 %
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The following figure shows already used renewable energy sources in whole-coloured areas
and the potentials of the renewable energy sources in hatched areas.

Figure 35: Power from RE sources in 2007 and 2030 (BAUM-01 10)

The potential of power reduction is 12 %. Based on this reduction the power demand in 2030
will almost be fully covered by renewable energy sources. In this scenario, most of the power
will be produced by the sun. Biomass and wind will then supply further needs in almost equal
shares.
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Figure 36: Consumption, demand and renewable energy mix for power in 2007 and 2030
(BAUM-01 10)
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Scenario for heat
Table 25 displays data of already installed renewable energy sources and their potentials in
2030.
Table 25: Recapitulation for heat (BAUM-01 10)
HEAT

2007
NUMBER

2030
TECHNICALLY
POSSIBLE (kWh)

DIFFERENCE

1.962

54.195.600

819.246.990

765.051.390

SUN

1.800

6.875.600

151.680.000

144.804.400

BIOMASS

2

44.920.000

140.958.990

96.038.990

GEOTHERMAL HEAT

160

2.400.000

526.608.000

524.208.000

HEAT POTENTIAL

HEAT DEMAND

INSTALLED
(kWh)

current

1.639.238.417

private

1.115.128.175

commercial =
47 % of demand of private
households
if reduction of

47 %

524.110.242

50 %

in private
households

50 %

in the com262.055.121
mercial sector

50 %

819.619.209

current
SHORTAGE OF
ENERGY SUPPLY
if reduction of

819.619.209

1.585.042.817
50 %

current
SHARE OF RENEWABLE ENERGY SOURCES
if reduction of

557.564.088

372.219
3%

50 %

100 %

The following figure shows already used renewable energy sources in whole-coloured areas.
Cross-hatched areas identify the potentials of the renewable energy sources.
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Figure 37: Heat from RE sources in 2007 and 2030 (BAUM-01 10)

Figure 38: Consumption, demand and renewable energy mix in 2007 and 2030 (BAUM-01 10)
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Regional Energy Consumption

Regulatory and economic conditions have a major impact on the overall potential of energy
savings and energy efficiency concerning all sectors.
Potential for savings in terms of thermal energy
Building sector:


New (residential) buildings: there is a high potential for a remarkable reduction of
thermal energy due to energy efficient building techniques



Improvement of existing buildings: there is a high potential for energy savings in
modernising the insolation of buildings - limiting factors are high costs and the socioeconomic situation of the owners (the estimated modernisation rate of buildings will
continuously rise up to 3 % until 2030 with a target of 70 kWh/(m² a) in the beginning
and 30 kWh/(m² a) after 2018.)

Regulatory conditions have an outstanding impact on energy efficiency in the building sector.
Corresponding town planning fosters the energy efficiency considerably. The total amount of
thermal energy that can be saved according to the assessment of potentials in the integrated
climate protection plan is around 50 % in private households. These energy savings have to
be preferably put into practice in residential buildings but also be realised in office spaces.
However, the estimation of 50 % saving of thermal energy is quite ambitious and rather
serves as a basis for political negotiations.
Potential for savings in terms of electric energy
The amount of electric energy that can be saved is estimated to be around 25 % in total. This
relatively small percentage of saving potential is based on the assumption that although electrical equipment becomes more frugal, there also will be more electrical devices in households. Furthermore, energy efficiencies will be compensated by heat pumps. They will require around 13 % of electricity that is used for a decentralised heat supply. In addition to
that, if electric mobility will become commonplace there will even be less saving potential.
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Transmission and Distribution Grids

3.3.1

Stressors for the Regional Power Grid

Electricity has to be consumed at the same time it is produced. The old power plant park is
exactly adjusted to this behaviour. Now and in future non-adjustable renewables in the power
plant park (wind power plants, photovoltaic), combined with the existing grid, are problematic
for this correlation. Therefore storages might be reasonable. Grids have to transfer a lot of
electricity from some places and transport it to other regions - depending on the offer of wind
and sun in the region of Ebersberg as both events can occur. Beside old stressors for the
power grid (grid disconnection, network failure, external influences like thunderstorms, terror,
human failure, power plant outages, revision, reduced performance etc.) there are many new
ones for the regional power grid:
Grid capacity:


long distance between production and consumption;



low acceptance in the population;



not known if grid expansion meets future requirements;



higher interaction between voltage levels;



higher load of the grid because of decentralised producers/suppliers

Feed-in:


disconnecting PV-feed-in at 50,2 Hz;



disconnecting Wind-plant feed-in at 49,5 Hz;



predictability of the feed in from non-adjustable renewables is limited;



imbalance between production and consumption (TNBW-01 12)

Due to these stressors for the power grid, more and more safety problems have to be handled and an expanding of the grid is required.
Measures are being developed to solve problems caused by these stressors. So, e.g. PVplants bigger than 10 kW (and also other renewables) have to be retrofitted until latest 2014.
The objective is to ensure that not every single renewable plant is taken from the grid at the
same time causing a blackout when frequency reaches 50.2 Hz. The upgraded technique
ensures a relatively stable frequency (AE-01 13). This means a safety power supply, but
nonetheless a deviation of the common frequency is a reason to reduce potential power from
renewables also in future.
People demonstrate against new power poles - is an up to date grid expansion possible?
The increasing use of renewables and the Europeanization of the electricity market will be
followed by an expanded transmission grid (high voltage). The grid should be able to
transport e.g. electricity of the wind rich north of Germany to the regions of high consumption
in the south and west.
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In addition to the grid expansion on the high voltage level, it will probably be necessary to
expand the middle and low voltage levels as well. Primarily this extension will be caused by
voltage problems due to high consumption of new consumers like electric cars, heat pumps
and decentralised production of small power plants.
It is estimated that Bavaria needs 130 km of additional high voltage grids and a further development of 240 km of existing transmission grid. Around 17 % (14.500 km) of the middle
medium voltage and 26 % (53.000 km) of the low voltage grids have to be expanded.
The “German Network Development Plan 2013” does not provide grid expansion on high
voltage level in the Ebersberg district (NEP-01 13). The district has a relatively good grid
connection (see 2.4).
Interviews within the AlpStore-project have shown that so far local net operators in Ebersberg (Bayernwerk AG and P&M Rothmoser GmbH) do not see capacity problems in their
local distribution grids. Distribution grids will be expanded on a case-by-case basis when
demand exists. Therefore calculations of the grid are conducted each time a new power
generating unit is being planned.
It will never be ecologically or economically reasonable to reinforce the electrical grid for the
whole production of renewable energies.
According to an interview with the local owner of the gas grid, this grid does not have any
capacity problems in the years to come. Moreover the grid can assimilate more gas if there is
a renewable gas production in the region of Ebersberg. Therefore it would be possible to
feed in electricity of biogas-plants or gas produced out of wind or PV-production.
In the graphic below the main gas-grid of Ebersberg is shown. Thereby different colours
symbolize different distribution companies.
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Figure 39: Main gas-grids in the region of Ebersberg (ENB-01 11)

3.3.2

Grid Solutions

Within the AlpStore project, a National Framework for the case of Germany was developed.
This report provides detailed information about, among other things, storage systems and
future storage requirements with regard to the energy transition in Germany. Parts of the
report therefore have been adopted to provide the theoretical basis for this chapter, especially for storages. Furthermore, first interim results from the E-Energy report are being incorporated in the following course (BAUM-05 13).
To ensure power supply on the basis of renewable energies, several options have to be considered. Besides enhancing energy efficiency measures, flexible management can play a
major role. The better consumers are able to adjust to the volatility of power consumption,
the easier it becomes to integrate renewable energies into the supply system. As a conse-
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quence, stabilizing distribution networks can require an increase in power consumption on
short notice, e.g. in cases where more power from sun is being generated than projected.
To realise this potential, significant efforts are required. For this purpose, it is appropriate to
examine which consumers are suitable for such load transfers. According to experiences
from E-Energy projects, the following consumption flexibilities have been identified in descending order:


Charging stations for electrical vehicles



Heating pumps



Power-saving heaters



Refrigerators including air conditioning systems



Household appliances such as dishwashers, dryers and washing machines.

By looking at load transfer potentials, several aspects need to be considered. Besides shifting generated electrical capacity, the duration of the postponement and the reaction time
play a crucial role. It was found that variable electricity purchase tariffs for households allow
shifting about 10 % of the demand.
Presumably the potential for Demand Side Management in industry and commerce is much
larger. This mainly results from a larger specific electrical output that allows shifting from
50 kW up to several MW. Within the E-Energy project it was found that up to 20 % of the
loads can be shifted with the additional benefit of lower transaction costs compared to private
households. The most important options are:


Refrigerators



Thermic processes



Compressed air systems



Pump systems



Batteries from forklifts i.e.

For private households as well as for private businesses, a lot of effort is required to encourage them to provide such a flexibility management service.
Even though there are potentials on the consumer side as described above, the systemically
relevant adjustment potential is lying in the field of electricity generation. The biggest potentials, besides the already established methods of balancing and controlling energy with conventional power plants, are:


Focused, regulated control by large CHP plants (especially biogas plants and biomass plants)



Regulated control by small combined heat and power plants



Optimised usage of hydro power plants



Provision of reactive power by controllable inverters from PV- and wind power plants
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A focused usage of storage systems that are able to feed electricity into the grid at
any time such as batteries from electrical cars and tractors



The usage of surplus power for the generation of heat



The usage of surplus power for the production of hydrogen and methane in the future.

The technical challenges for the energy generation management are particularly lying in the
empowerment of large but also smaller existing decentralised power plants for communication purposes with a control room or market place. The concept “plug in your plant” is the
precondition for an easy and flexible adjustment of power plants. This has already been implemented successfully in pilot projects with the help of IKT Gateways. As energy manager
equivalent to the Demand Side Management, they represent the central intersection for market participation.
Further possibilities are offered by intelligent inverters that are able to react to control signals
by reactive-power corrections. However, the trade with reactive power depends on regional
market developments. The better the availability time and amount of electricity that is generated from renewables is known, the easier it becomes to integrate the electricity into the grid.
The same counts for consumers and flexibilities. If consumers know at an early stage when
their load transfer is required, they are more willing to provide such a service. Therefore,
forecast systems are going to play a very important role in intelligent power supply systems.
They allow the provision of generation capacities at the right time (i.e. biogas plants) and
initiate adjustments of consumption demands early on (i.e. refrigeration in reserve). On the
basis of such prognoses, so called timetables can be realised to increase planning security
by binding agreements between all participants involved.

 Demand Side Management
Demand Side Management (DSM) denotes measures serving to modify the final energy consumption. The overarching aim of DSM-measures is to even out the residual load curve, i. e.
the power demand that cannot be provided by renewable energies. The adopted measures
can facilitate new options to control energy in order to stabilize the grid, to smooth the daily
load curves to enable a steady capacity utilisation in power plants – conventional and virtual
alike -, and to reduce the peak load to lower capacity credit in general. DSM generally helps
to make electricity consumption, and therefore the whole energy system, more flexible and
can serve as a transition-tool adopting consumption to fluctuating, renewable generation in
particular. In practice, Demand Side Management can apply several instruments that each
aim at different, discrete targets for the energy consumption – mainly reduction in energy use
and shift of consumption.
One target is to achieve energy saving in general. Feedback-instruments provide the customers with information on their consumption in a particular week or month, at different days
or times of the day and can even provide real-time information on consumption. In some
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cases, using “submeter” data is not only available for the entire household but also for individual appliances. In fact, the consumers are equipped with the necessary information to
detect “power guzzlers” and are thereby enabled to develop a general awareness for energy
consumption that leads them to save electricity.
Feedback instruments come in a variety of forms: They can be an App for a smartphone or a
tablet-PC, they can be a display, distinct from other devices or incorporated into an energy
management gateway. Feedback can also be provided via an internet platform, but it may
also just be a detailed, monthly bill. In any case, displays, apps and internet platforms offer
more information and better visualization options than bills.
Feedback-instruments can also render information on e.g. the share of renewable energies
being produced in the region or on real-time prices for electricity. For example, when a high
price for energy is set during a time with a load peak and the customer is informed, the feedback instruments serve to incentivize load shifts on a daily basis or at critical times. Apart
from feedback with manual adaption of consumption, DSM can be implemented via automated control devices together with variable tariffs.
This leads to a differentiation of central and local load management strategies:


Demand Side Management (DSM) with price signals relies on decentralised, manual or
automated decisions. Central load management detects control needs, generates respective price signals and sends them to the energy user, who then individually reacts to
the incentive. Of course, the customer can be a source of unreliability, as the incentive
might not be strong enough to lead him to adjust his energy consumption or he simply refuses to reflect his energy consumption in general.



In the case of Demand Control (DC), the decision is centralised with an operator who can
send direct control signals to a specific pool of appliances to switch them on and off. The
incentive for the owner could be a fixed remuneration for the availability of his appliances
for such interventions (BAUM-04 11).
 Storages

In 2012, VDE published its study “Energy storage in power supply systems with a high share
of renewable energy sources” which explains that beyond a threshold of 40 % renewable
energies storage systems will be significant for the operation of transmission grids. However,
the study gives little information on storage systems to better manage local bottlenecks in the
distribution grids. To be prepared for a RE penetration of 80 % and beyond, the VDE calls for
extensive investigation of storage technology and deployment. The VDE study is one among
many others which come to a similar result: Storage will not be needed in Germany until
about half of the electricity will be provided from RE sources, even if the major part of the RE
electricity is provided by wind power and PV plants. Long-term (seasonal) storage will even
not be required until the RE-share has reached 80 %. However, comprehensive modelling
results which take the whole range of options for adapting RE-based electricity generation to
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the electricity demand and taking into account the interdependencies between the electricity,
heat, gas and fuel sector are still largely missing. One relatively clear result of these studies
exists nevertheless: there will be a much larger need for long-term storage than for shortterm storage for which many options and many alternatives (Demand Side Management,
generation management, etc.) exist (BAUM-03 13). The following part of the report includes
a detailed analysis of future storage requirements and conditions specifically for the district of
Ebersberg.
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4 Future Energy Storage
First of all this chapter (Chapter 4.1) is going to describe the difference and application of
short-term as well as long term. Furthermore it is going to discuss the need of storage capacity in the future. Thereby the focus is on electricity storage, because this is in some way more
difficult and complex than heat storage. Electricity storages are possibly needed more and
more in future, but systems are still in research or on pilot level and may rarely be seen on
market in an economical way. Frequently heat storages are usable in economic way and
therefor already used in many households. Also the subject grid versus storage and economic problems is described in this chapter.
In the following (Chapter 4.2) the future (technical) potentials for each single energy storage
system in the area of Ebersberg are described for the year 2030 (100 % renewables). Some
of them cannot be used at the same time. First there is going to be a general view on each
individual potential of the storage systems. For an overview on the different storage potentials see chapter 6.2. Basic data and information are mostly taken from the integrated climate
protection plan of the rural district of Ebersberg (BAUM-01 10). Further information and even
parts of the text are from the German National Framework (BAUM-02 13) - if not, literature is
indicated.

4.1

Storage Requirements

Many possibilities to store energy are known. Most of them are still in research or pilot size at
least those which shall solve the future fluctuating problems of renewables. It is known
whether they will be economically usable in an appropriate way in future.
Short Term/Long Term Storage
A differentiation is made between long term and short term storages. There is no clear dividing line between both types of storage. Hence the group of “short term storages” ( Figure
40) can compromise storages which store energy for some seconds up to some hours or
even several days. It should temporarily compensate for fluctuations in e.g. the electricity grid
(seconds), lack in sunshine (some hours up to some days) or provide thermal energy for daytime. They have several applications today.
Examples for storages in a very short term are SuperCaps or flywheels for power reserve
and grid stability. Some longer short term storage possibilities are batteries (e.g. adjustment
PV production night/day) or pump storage plants (e.g. several hours no wind energy production), which can hold the energy for a long time, but are also unloaded in between some
hours up to some days (see Table 16). The group of “short term storages” includes as well
heat storages, e.g. storages for heating and warm water supply in private households for a
period of some days.
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Figure 40: Short Term Storage

Long term storage ( Figure 41) means storage for weeks or months up to one year or even
longer. This includes also the possibility to use the stored energy within these time scales.
They are used to balance seasonal fluctuations (e.g. summer-winter compensation). All long
term storages are still in development and pilot scale. For electricity the only real known long
term storage is power to gas (P2G), producing gas from excess energy and storing it in the
existing gas grid. There are several ideas for long term heat storage, e.g. aquifer-heatstorage or Phase-Change Memories (PCM). So far high specific costs and technical challenges are main problems of long term storage - but market maturity is expected by 2020.

Figure 41: Long Term Storage

Electrical Energy production/consumption today and 2030 and its consequences
The figures below show electricity production of renewables and consumption of Ebersberg
district for today and 2030. The energy consumption in 2030 includes the aimed reduction of
electrical energy by 25 % from the IKK. The area coloured in green shows the amount of
energy produced by renewables in the region. Areas coloured in red represent the load surplus coverage, that means also production by renewables, but the amount produced too
much for consumption at the same time and same place. The remaining areas in blue illus90
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trate the residual load. This means the amount of energy that has to be taken from somewhere else, e.g. from the grid or future storage systems. Today (Figure 42) there is less production of renewables (green, app. 10 %).

Figure 42: Residual load today (electricity)

There is no load surplus coverage in this calculation. This is going to change till 2030 (Figure
43). At this time Ebersberg has the ambition to have 100 % renewables. This involves, because of weather correlated renewables, at some times more production (red) and at some
times less production (blue) than needed. Even though it cannot be seen exactly in the
graphic, it is the same amount on both sides, but differently distributed over the year. E.g.
there is more surface coverage in summer time and more residual load in winter time. The
surplus coverage could be stored and used when residual load is needed or transported by
grids and exchanged with other regions which have another energy production profile than
Ebersberg.
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Figure 43: Expected residual load 2030 (electricity)

A closer look at the electricity production and electricity consumption can be seen in Figure
44. It shows a randomly chosen week in spring time, combined with the expected stock exchange electricity price for 2030. Figure 45 shows the same week for all of Germany, but
note that Germany has the aim of 100 % renewables until 2050. Considering the high fluctuation in the residual load in Ebersberg, it could be useful to build storages which can shift
additional load during the day (red) to times of low production during the night (blue). This
sounds easy but in fact it can have consequences.
Normally it needs to be economic for people to store or shift the additional load. Considering
the German case and the expected stock market prices, this could be given - if the stock
exchange price is low (this means e.g. a lot more available renewables) storing would be
attractive. At a higher price it would be attractive to feed the stored energy back in. Though it
has to be noted that the stock exchange price is created for the German energy production
and therefore valid for every region in Germany. Provided that there are no grid restrictions,
the following case could occur:
In the considered week, the load in Germany is covered on Sunday because of a high wind
power feed in. This means an electricity price of around 0 €/MWh at that time. However in
Ebersberg there is a positive residual load at the same time, which could be covered by the
surplus wind power. On the other hand, there is additional load in Ebersberg from Monday to
Saturday, caused by a high electricity feed in from PV. Due to the German situation (still residual load) the energy price is high. The electricity could be sold on the spot market. It would
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not be attractive or necessary to store the surplus energy of the region or make it more flexible, as long as there is a respective grid capacity for electricity export or import. This would
plead for grid expansion instead of investment in storage capacity. Consequently the region
would need a concept managing the regional electricity, when storages should contribute to
relief the grid.

Figure 44: Weekly electricity production and consumption combined with the expected stock
exchange electricity prices
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Figure 45: Weekly electricity production and consumption in Germany 2030 combined with the
expected stock exchange electricity prices

Looking at the region of Ebersberg (Figure 44), it is obvious that storages on a daily basis will
mainly have to conduct one cycle per day. On the other hand storages may have to conduct
more cycles when only one household with an own photovoltaic-generation is considered.
This is demonstrated in Figure 46 which shows a one day load profile of a single household
combined with the load profile of a photovoltaic system. The green area represents the power which could be consumed immediately. There are also some red areas, which demonstrate additional load again. This example shows that storage capacities could be needed
more often than once a day and so maybe a battery-storage which is conducted several
times a day may be useful.
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Figure 46: Load profile of a single household with photovoltaic

Discussion of future storage size requirements
The sections before gave an overview of expected energy consumption and production in
Ebersberg in the future. It was shown that on a regional level the produced energy can be
more and less than the energy consumed. Another fact is the grid connection to other regions. In this part the question of the correct storage size for the region is going to be discussed. Figure 47 shows the assorted annual load curve for today and 2030. Today at most
times of the year, energy is taken from the grid (German energy mix) up to a load of 60 MW.
That should at least be the amount of load the local grid in the region is able to transport.
There is a negative residual load only in a few hours of the year. That’s when more energy
from renewables is fed into the grid than consumed. It is only around 10 MW in the worst
case. In 2030 fed in electricity will be the same as the amount taken from the grid. This
means that the number of hours with surplus coverage will rise, but will not have the same
amount of power. Residual load, which has to be taken by the grid or storages will account
for app. 6500 hours of the year. Energy which has to be stored or fed in will only account for
app. 2000 hours of the year. However, the maximum feed-in will amount up to 150 MW and
thus be much higher than that of the residual load, only slightly increasing with a maximum of
70 MW. The high load of 150 MW will probably not be accepted by today’s grids. This again
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raises the question about grid expansion storages or the loss of energy. The area below the
curve is the capacity that would have to be stored added up over the year in an autarky case.
The resulting storage capacity for such a case could be way smaller because loading and
unloading is mixed up and both often is only necessary for some hours or days at a stretch.

Figure 47: Sorted annual load curve 2007 and 2030

Figure 48 shows the theoretical consideration of a seasonal storage for the autarky case in
2030. The seasonal storage simulates hourly injections and withdrawals. Autarky means to
have a residual load of 0 MW and to consume the whole produced energy in the region.
Hence, a storage size of 62.000 MWh would be needed. In this consideration the storage
has to have an initial storage content of 48 % at the beginning of the year. Then in winter
time it is slowly unloaded until a minimum storage content of 316 MWh is reached and the
storage is slowly uploaded again reaching its top loading in autumn. Around 18 % of the
345 GWh of renewably produced electricity would have to be stored over the year in Ebersberg. This consideration assumes an ideal storage, losses are not considered. Losses are
depending on every single storage system of the storage park and in future, average utilisation rate will grow.
In the following, some examples of storage possibilities are given to generate an idea of the
size of such a storage capacity:
62.000 MWh would be around seven times the biggest pump storage power plant of Germany Godhistal with app. 8.500 MWh. Also it could be compared with 6.200.000 m³ gas (methane) or with the storage capacity of around 2.400.000 electric vehicles.
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Figure 48: Storage content of hypothetic seasonal storage for electricity

The examples above demonstrate that to provide 62.000 MWh of storage capacity would
require a rather big storage. This gives way to the question whether it is possible to build
such a big storage technically in any way and further whether it makes sense when taking
into account ecological and economic conditions. As shown above, it often makes sense to
compensate for lacks or power surplus with other regions in Germany or the Alpine Space.
Therefore surplus energy can be sold somewhere else and money can be earned for the
region. There won’t be any big storage without losses in the storing cycle in the future. This
means autarky should not be the aim for Ebersberg especially as the connection to the German grid already exists. Somewhere else sun is shining or the wind is blowing when in
Ebersberg the weather is bad. Balancing electricity can save storage and money, building it
up, can be saved overall in Germany, also in Ebersberg. Nonetheless it might be helpful to
use some storage possibilities to keep the local grids stable. Thus a future storage size cannot be defined at present. This question is discussed in several research projects today. One
project is the “Merit order of Energy Storage in 2030” investigated at the FfE at the moment
(FFE-03 13). Results of this study may give a better answer in future. Nonetheless the electricity grid will never be able to handle all peak loads in future. This gives reason to start investing some storage systems, but most often not knowing future economic conditions and in
particular neither the storage size to stop.
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Heat storage
Heat is often produced at a time it cannot be used directly or efficiently as well. Many times,
energy supply is not correlated with energy use (solar heat production in summer and heat
requirement in winter). There is no “heat grid” like in the electricity supply in most cities and
regions. This means that heat is mainly produced in a decentralised way and needs to be
used directly on site or transported in small scale grids to the users (AEE-01 09).
Figure 50 shows the typical heat requirement in the course of a year for a single-family home
and a multi-family home in connection with the temperature curve. In both homes it can be
logically observed that heat requirement is low when outside temperature is high, and the
other way round. The difference between the single-family home and the multi-family home is
that the heat requirement of the multi-family home is a bit more flat and peaks are less high.
This means the more people are connected to a heating system the more constant heat requirement is.
This typical yearly course results mainly from heating, while hot water requirement is almost
always the same during the year. There is a daily profile for heat or hot water requirement. A
typical daily tap profile is shown in Figure 49 (single-family and multi-family home). It shows
less consumption at night and higher consumption during day-time. Highest consumption
takes place in the morning and in the evening. In the multi-family home the curve again is
more flat, but shows the same structure. It may occur that the daily heat requirement peak is
three times higher than requirement at night. This means heat producing power plants must
sometimes only run for a short time and then stop again, which is not efficient.

Figure 49: Daily tap profile for hot water in a single-family home (left) and a multi-family home
(right)

All the considerations above argue for heat storages at least for daily compensation or even
for seasonal compensation. Seasonal storage would make it possible to save the summer
heat for winter. Short term heat storage is still common in private households. This means
short term storage is available and economic. This makes one confident that it is possible to
save energy (money) installing a heat storage in the heating system.
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Long term heat storages are still on pilot level but expected to be marketable in 2020. Problems are the costs and technical challenges (AEE-01 09).
Due to heat storage, it is possible to use heat temporally and spatially independent from heat
production. This also is an advantage concerning combined heat and power plants. It is easier to store heat than electricity. Electricity should be produced when needed and the “waste”
heat can be stored and used when needed. Which type or method of storage is used and its
size always depends on the individual case. It especially depends on required energy density, required temperature and the user behaviour.
Depending on the purposes, different amounts of hot water are needed. Factors are e.g. the
amount of persons living in the household, the age of the persons or the living standard. To
find out the determining factor for the storage system required, it is necessary to know the
characteristics of heat requirement in the individual case (UMSICHT-01 00).
Due to these different and often especially decentralised small scale applications, it is hard to
find out about potentials of different storage systems. It always depends on the individual
case to determine which storage and which storage size is the best. Fact is that it should
always be considered to use heat storage when heat or hot water is produced. It is common
to combine heat storages with new heating systems e.g. isolated hot water tanks. For the
future, it should be considered to use long term storages especially when solar heat is utilized. Almost 100 % of solar heat can be used in the solar season, but this is only around
7 % of the yearly heat requirement. To have a higher solar coverage, the heat produced by
sun (almost for free) needs to be transferred from summertime to winter time. How to do this
is currently being researched (SOL-01 11). Figure 50 also shows this. There is a lot of sun
(temperature) in summer, but less heat requirement and the other way round.
This means that the results of studies about heat storage should be followed to use the upcoming recommendations.
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Figure 50: Heat requirement and temperature in the course of a year for a single family home
(above) and for a multi-family home (below)
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Potentials for Regional Storage

Below technical and spatial potentials and limitations for storage in the Ebersberg region are
described.
Mainly electricity storage
Biogas digesters and storage tanks
Until now biogas most often directly changed into electricity and heat on site. But to produce
energy that is more suitable for consumption there are several solutions in conjunction with
storages:


Storage of upgraded biogas in the natural gas infrastructure



Local storage of upgraded biogas



Make energy production flexible - in combination with local gas and heat storage

In accordance with the last EEG-amendment, there is the obligation to use at least 60 % of
the externally available heat to get the EEG-Bonus. For that, there is a list in the appendix for
heat use which is supported. This means biogas plants have to be placed reasonably or
even decoupled from combined heat and power plants (CHP’s), which produce (waste) heat
when producing electricity. In some cases it might be good to make the biogas production
independent of biogas use. One option is to upgrade the biogas to methane, doing a cleaning process and to feed it into the existing gas infrastructure. Then it can be used in CHP’s
on places heat is also needed. Furthermore it can be used as vehicle fuel and in other applications which need clean CH4. In accordance with the IKK, biogas for the generation of
around 20.200.000 kWh of electricity was produced in 2007 in the region of Ebersberg. In
2030, the ambition is to have biogas for additional 54.440.000 kWh. This means that there is
a theoretical potential to store upgraded biogas which amounts for around 74.660.000 kWh
of electricity in 2030. This means that up to 7.400.000 m³ of upgraded biogas (methane)
need to be stored, if 1 m³ methane can generate 10 kWh electricity. In reality it will be less,
because not every biogas plant will be connected to the gas grid. Some of the plants also
have good conditions for CHP’s on site. Either way it should be ensured that heat is used for
reasonable applications. Then it will also be more economical to use the biogas directly instead of doing an additional cleaning process. According to the “Klimaschutzmanager” of
Ebersberg there is already one biogas plant in the Ebersberg district which injects its biogas
into the public gas grid.
It is also possible to build local storages of upgraded biogas to use it for vehicle fuel or other
applications, which need clean methane. This is an option, when there is no grid connection
and no reasonable heat use close to the biogas plant. The theoretical potential is as high as
the potential for feeding in the gas into the grid.
Promoted by the MAP (Marktanreizprogramm), a trend can also be observed towards small,
specifically setup biogas micro girds and satellite CHP that operate at some distance of the
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biogas plant. This is also an option to get the surplus heat used. Despite, CHP’s are generating electricity while running. It is common to run them around the clock, but already now
there is the possibility for biogas plants to sell electricity outside the frame of guaranteed feed
in tariffs on the free market. This means to make the biogas plants flexible and run them only
when electricity is needed. This can help to flatten the electricity peaks produced e.g. by wind
and solar power. Consequence will be to have additional gas storages because microorganisms don’t stop to produce biogas. The size will be determined by the maximum shut down
period of the CHP. For a reasonable heat use also heat storages are needed, because very
often electricity and heat aren`t needed at the same time as discussed above. The FfE did
investigations to find out the profitability for running biogas plants flexible and sell the electricity on the free market (FFE-26 12). Result was, that it is technically possible to run a biogas plant in load following operation, when a biogas storage exists, which can store the produced biogas for around 16 hours per day. Due to this flexibility instead of continuous operation is an increase in revenue possible of 1 to 2 ct/kWh. In this investigation heat storages
were not considered.
Furthermore CHP’s with a higher output can be used. It also becomes possible to run the
CHP in full load mode, where efficiency is higher than in part load.
Biogas up to around 138.000 kWh could be stored each day if all biogas plants are flexible in
2030 – those which are already running today and those which are assumed in the IKK to be
built until 2030. This means it has to be kept a storage capacity of almost 23.000 m³. This
number results from the assumption, that around 75.410.000 kWh electricity shall be produced by biogas plants in 2030 and all of them will run flexible with a maximum shutdown
time of 16 hours each day. The estimated kWh- production is broken down to one hour divided through the hours of the year (8.760 h/a) and then multiplied with 16 h. This gives the
kWh which needs to be stored each day. The assumption, that 1 m³ biogas produces 6 kWh
leads to the volume of the storage.
It is mentioned above that flexible running of biogas plants will also need heat storage in addition to gas storage if energy is used in a reasonable way.
The heat storage potential calculation is equivalent to the biogas storage potential calculation. The district of Ebersberg is aiming to have heat generation from biogas plants of around
72.700.000 kWh/a in 2030. This means roughly calculated heat storage of around
133.000 kWh each day - the energy which is needed in 16 hours shut down period.
Table 26 shows an overview on storage possibilities and its extent in electricity and heat production by biogas.
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Table 26: Overview storage possibilities biogas production
Gas storages
Production biogas plants electricity in 2007 [kWh]

20.210.000

Production biogas plants electricity extension until 2030 [kWh]

55.200.000

Natural gas grid as storage
Potential biogas into gas grid [kWh] 2030

75.410.000

Potential upgraded biogas into gas grid [m³] 2030

7.541.000

Methane [kWh/m³]

10

Storage for flexible electricity leaded biogas plants
Biogas [kWh/m³]

6

Annual hours [h]

8.760

Downtime CHP max. [h/d]

16

Potential biogas storage total [kWh/d] 2030

137.735

Potential biogas storage total [m³] 2030

22.956

Heat storage
Production biogas plant heat extension until 2030 [kWh]

52.700.000

Production biogas plant heat in 2007 [kWh]

20.000.000

Production biogas plant heat total 2030 [kWh]

72.700.000

Flexibility: Heat storage [kWh/d]

132.785

The AlpStore project includes also a pilot project in the district of Ebersberg, where exactly
this subject is calculated in detail. There is done a detailed view on heat and gas storages
and its cost effectiveness on the example of the biogas plant and the district heating grid of
Rothmoser in Grafing (FFE-25 13). Other biogas plant operators can orient themselves on
this example.
Figure 51 shows the comparison between continuous (left side) and flexible (right side) operation of the biogas plants in Ebersberg 2030, when the CHP’s are run to compensate photovoltaic and wind power generated electricity. A reduction of the surplus coverage and also of
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the residual load can be seen, even when this effect is very small. This means that only making the biogas plants flexible doesn’t solve the problem of fluctuating energy production of
wind and photovoltaic, but it can help. It has to be noted, that it is important to run the flexible
biogas plants depending on the production of the other renewables and not of the EPEXprices, when they should help to relieve the regional electricity grids. In the second case it
will come to the problems described in Chapter 4.1 (Figure 44). Result might be that profitability is not given, but grids are more stable.

Figure 51: Power and load without biogas flexibility and with biogas flexibility

In this chapter different possibilities how and in which dimensions biogas can be handled in
an energy efficient way of using storages are shown. In this context diverse options and dimensions are respectively calculated. In reality it should be a mix depending on the individual
case. It cannot be weighted, because it is not known, where the individual biogas plants will
have their location. It is appropriate to ensure, that heat and electricity are able to be used.
Investigations have shown that it is most efficient to use both-heat and power. This brings
advantages in contribution, efficiency and climate footprint (AEE-04 11). It is important to
proof every individual case to find out the best storage technology. Is heat use possible close
to the biogas plant, do it flexible with an own storage and save money for the extra gas
cleaning step. If there is no useful possibility to use the produced heat, try to have connection
to the gas infrastructure and use the gas where it can be used reasonable.
Power-to-Gas
The power-to-gas (P2G) conversion technology is the only pathway that allows seasonal
storage of major amounts of energy by making use of existing stores, but it is still in pilot level (BAUM-03 13). The existing stores would be the gas grid and its connected underground
storages (e.g. caverns), which are able to buffer seasonal and daily fluctuations (LBEG-01
12) (see chapter 3.3). Also it would be possible to build separate local storages. P2G is the
synthetic generation of hydrogen or methane, whereby methane would be produced in a
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second step after the hydrolysis. In pilot projects (see BAUM-02 13) P2G and its possibilities
is investigated, also among others, the utilisation of the gas for vehicles or the compatibility
of the gas with the gas grid. Efficiency of hydrolysis is up to 70 % and 60 % for reconversion
into electricity by combined cycle power plants or fuel cells. This means an overall efficiency
of 42 % for the process electricity-hydrogen-electricity and 36 % including an added step for
methanation (ZSW-02 12). Compared to other storage systems, these are low efficiencies.
Thus in contrast it has the advantage of the above mentioned huge storage capacity. The
produced gas can be fed into the gas grid - methane unlimited, hydrogen with restrictions. In
the DVGW-Arbeitsblatt 262 a hydrogen concentration overall in the gas grid of maximum
5 Vol.- % (ZSW-02 12) is required. DIN 51624 limits hydrogen content for natural gas vehicles to 2 Vol.- % (GWF-01 11). Also this storage system has no economic viability until now.
This makes research and development (R&D) important. System solutions in industrial
measures could be available in 2020-2030 (DENA-05 12).
Due to the existing gas storage and the existing technique there will be indeed a technical
potential for this kind of storage in Ebersberg, but it is hard to point it out in numbers. In pilot
projects it is often used coupled with wind energy production, also because it can be used in
a large scale. So it would also be a possibility for Ebersberg to use it with future wind power
production. Theoretically the whole produced energy could be converted into gas, which
means it would be only limited by the renewable energy production. Together with the fifteen
2 -MW-wind power plants planned in Ebersberg (see IKK) this could be up to
67.500.000 kWh. On the other hand this doesn’t make sense because energy only should be
stored in the time it is not needed. Due to electrolysis usable electricity is raising by performance of electrolysis nonetheless the higher the electrolysis performance the lower the load
hours. On the other hand cost for hydrogen production declines the higher the full load hours
are. The FfE study “MOS-2030” comes to a maximum of around 1.900 full load hours for
electrolysis in Germany 2030, when production is only on times with negative residual load
(FFE-03 13). This cannot be transferred to Ebersberg because full load hours in the region
are estimated on 2.250 hours per year. So full load hours for electrolysis should be far less
than in German average. This means it is not economic lucrative.
Due to these reasons this storage system cannot be recommended today, but it should stay
in mind and be observed in the future. Maybe it becomes interesting from 2030 on. Keep in
mind e.g. the results of the MOS-Study. A possibility to realise such storage systems could
be the participation on a pilot project and helping so to know more about P2G for our future.
To realise P2G a suitable location should be found. In the following are given some factors
for location (DENA-05 12).


Plant for methanation should have a local renewable and payable CO2-source e.g. a
biogas plant



Use of by-products like O2 and heat should be given
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Existence of local gas network structure. Note: H2 is restricted to 5 Vol.- % in the gas
grid



Or local existence of other consumers of the produced H2 e.g. chemical industry



Electrolysers should be close to the renewable energy plants and thus to the electricity grid

Compressed air storage
There is no possibility for compressed air storage in the Ebersberg region because there are
no caverns known, which could be used.

Pump Storages (regional in Alpine Space)
Regional water pump storage systems refer to using dams in nearby, higher altitude valleys,
to store excess solar or wind power, or to manage and utilize hydropower harnessed from
two lakes with different heights or artificial water storages, within the regional context of settlements. Water is pumped using excess or low-priced electricity - the potential gravity energy is maintained with little loss. The stored water is released to drive turbines, to dispatch
power to meet peak demands.
There is and will be no pump storage in the Ebersberg region. Reason is the geological situation in the area. The district of Ebersberg belongs to the alpine region but is too far away
from height differences which are huge enough to be usable for pump storage.
To use Scandinavia as a big energy storage would not create value in the Ebersberg region
and would definitely be accompanied by a higher grid expansion.

Batteries
There are many possibilities to use batteries for storage reasons in the context of the energy
turnaround. In small size they are used since many years (laptop, torch etc.). Nowadays it is
focused to use them also as storage for energy produced out of renewables.
Following considerations and applications are in focus:


PV-self-consumption in single households



Quarter storages



Electric vehicles (mobile batteries)



Large scale batteries in e.g. wind power parks

For these applications several ideas how to handle it exist, e.g.:


Self-consumption



Intelligently controlled charging



Store electricity when production is high and feeding it back when production is low
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The next parts point out individual storage potentials for the different battery applications in
Ebersberg and future application possibilities.
Mobile batteries (electric vehicles)
There are some ideas to use electric vehicles as storage for excess electric power. Mobile
batteries in electric vehicles are a big subject in research for future application. In common
they have grid stabilisation.
Future visions are:


Intelligent charging management (flexible charging, according to power supply)



Vehicle to Grid (V2G) – including feeding back the stored electricity from battery into
the grid



Combination of the mobile battery with the PV-self-consumption system

So far there are only pilot projects and no commercial projects of storage system for the grid
stabilisation. Nonetheless they represent a storage potential for the future, which can be
used.
The German Federal Government has the aim to have 1 million electric vehicles (EV) in 2020
and 6 million EVs in 2030 in action. This means there is automatically energy storage potential on places with these cars. Table 27 shows the potential of this storage capacity in the
rural district of Ebersberg. It is calculated, braking down the number of todays and future
vehicles on the inhabitants of the region. Related to the predicted 6 million EVs in 2030 and
the changing demography there should be around 11.765 EVs in Ebersberg. The conservative assumption of 25 kWh per vehicle and a possible exploitation of 80 % of the battery
would mean a theoretically available storage capacity of around 235.300 kWh. Compared to
a reservoir of a pumped storage power station, it would be a rather small one. A storage lake
for this size (of a pumped storage power plant with a penstock of around 360 m) would be
under the half of the volume of the Egglburger See (33 ha, 2 m deep), south of the Ebersberger Forst (WIKI-01 12). It has to be considered that the first application of these mobile
batteries is to have the car ready for driving and not the storage of excess electric power.
The utilisation for storage is dependent on daytime and user behaviour. This means it is less,
what can be used as storage for renewable produced energy. At night it might be more as at
daytime, when cars are used more often. In the case V2G: There would be only a usable
storage capacity of around 30.000 kWh taking a worst case assumption of 50 % vehicles
connected to the grid and 20 % usable battery capacity of each car (TUD-01 11). An intelligent charging management potential might be a bit higher.
Today there should be mathematically registered 11 EVs. In fact there are even 17 EV’s on
the streets in Ebersberg (information of the climate protection manager Gröbmayer of Ebersberg region). This and the good economic situation of living people in Ebersberg shows that
the region has a good chance to use the predicted storage capacity of EVs or even more.
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Another helping fact is the engagement of the car dealer group Grill, which could become a
pilot trader for EV’s. Also the Federal Government gives tax exemption for 10 years for EVs
registered until 2015 and for 5 years for EVs registered between 2016 and 2020
(§ 3d KraftStG) (BRD-02 12). Nevertheless EVs will not be economic or rentable for private
persons at the moment. As long the battery is expensive and the limited range low, only very
interested people will buy one.

Table 27: Electric vehicles (EV) in EBE - today and 2030

EV Germany 2013

7.114

Inhabitants Germany 2013

82.000.000

Inhabitants Germany 2030

79.500.000

Inhabitants EBE 2013

131.000

Inhabitants EBE 2030 (+19 %)

155.890

Number of EV 2030 in Germany (German Government's aim)

6.000.000

EV in EBE 2013 (calculated)

11

EV in EBE 2030 (calculated)

11.765

Storage capacity per EV [kWh] (assumption)

25

max. battery discharge % (assumption)

80

usable storage capacity 2013 [kWh]

227

theoretical storage capacity 2030 [kWh]

235.306

V2G
max. allowed degree of discharge for V2G [ %]

20

percentage of vehicles on grid (worst case) [ %]

50

available energy storage capacity for V2G 2030 [kWh]

29.413

In the case to use the mobile battery in combination with PV-self consumption systems instead of stationary batteries, it has to be considered that there will be less storage capacity in
the region, but it may be more economic for the individual family. To which amount the ca-
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pacity can get used in the end, will depend among others influences on the charging management and the behaviour of consumers.
Stationary batteries
There are many application examples for stationary batteries. The main interest in energy
storage of renewables is concerning PV-self consumption; quarter storages or large scale
batteries on places with high energy production in times the energy is not needed, e.g. windor large PV-plants. Potentials are shown in Table 28. Under the assumption of 1 kWh storage capacity per each kWp-PV-plant and a proportion of self-consumption of 60 % there will
be a “storage capacity” of around 254.300 kWh in 2030 in Ebersberg. This is what could be
stored, when every battery is fully loaded. If 60 % of the generated power is stored or immediately used und not fed in the grid, the grid will be relieved of around 152.580.000 kWh each
year in Ebersberg. However this should happen in times to much electricity is produced to
cut off the tops of PV-production.

Table 28: Stationary batteries in PV-Systems (own consumption)
2007

2030

installed PV Power [kWp]

6.683

254.300

power-generation [kWh]

6.683.295

254.300.000

1

1

-

254.300

average storage capacity per kWp [kWh/kWp]
"Storage capacity" [kWh]

discharge of electric grids by own consumption [kWh/a] -

152.580.000

1.000

1.000

own consumption approximately

0,6

0,6

specific generation [kWp/m²]

0,13

0,13

130

130

full load hours [h/a]

specific generation [kWh/m²a]

The bigger the battery size the less proportion of own consumption becomes, but it is more
secure that production peaks are buffed by the storage. This is what should be done, when
the aim is to store energy to buffer a high renewable production and hold the grid stable. On
the other hand the degree of autarky will rise (FFE-18 12).
Figure 52 shows the load of a single household with PV-self consumption over a sunny day.
In this case there is only a 2 kWh storage capacity for a 4.5 kWp PV-plant. The black line
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shows the household’s electricity consumption and the green line the electricity production of
the PV-plant. The green area shows the fraction of load which is immediately consumed. The
blue and theoretically turquoise areas are the residual load. Lila shows, what is loaded into
the battery and red what has to be fed into the grid because storage is full. Together with the
battery storage the turquoise areas show when electricity is taken from the battery instead
from the grid. In this case the battery is too small to get the whole summit of surplus PVelectricity production. Energy has to be fed in the grid (red), when it might not be needed
(consumption under black line) and the grid gets unstable or the grid owner has to split off
PV-producers. This will happen, when consumption in other households is comparable. If
storage is higher, produced energy could be stored instead of fed in. Red area would get
smaller, lilac bigger and so the summit wouldn’t be fed into the grid. Also blue areas (what
has to be taken from the grid) would get smaller. For a single person a bigger storage might
be a disadvantage, because it is more expensive and on many days of the year not needed.

Single household

6.000 W
5.000 W

Load

4.000 W
3.000 W
2.000 W
1.000 W
©FfE AlpSpac-01#P AlpStore_eV_00001

0W
0:00

6:00

12:00

18:00

Time
PV‐self‐consumption
Energy feed‐in
Discharging local storage
Photovoltaic production

Residual laod
Charging local storage
Household‐consumption

Figure 52: Single household with photovoltaic- use of small scale storage for self-consumption

The advantage of PV-self consumption systems is, that it needs less space, is fast installed
and since May 2013 sponsored by government (KFW-01 13). Together with the falling guaranteed feed-in remuneration for photovoltaic and higher electricity prices this system gets
more and more interesting also economically. Furthermore there is value creation in region,
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because there is work for many people who sell and install these systems. A disadvantage
might be for the national economy because electricity prices will change.
An alternative for a lot of small single household battery storages could be quarter storages.
Several households share a bigger storage e.g. in housing estates. This storage possibility is
not yet enough tested and still on pilot level (e.g. quarter storage Weinsberg), but could have
some advantages. There is much evidence that it is more economic, dependent on the circumstances of the individual case (ISEA-01 11). Moreover, a big storage is easier controlled
from a central place than several small storages. This would lead to a more ideal energy
management and save energy.
The potential for this type of storage should be around the same as for single household batteries combined with photovoltaic, related to the storage size (254.300 kWh). In reality it is
probably less because the bigger the battery storage the less are the total losses.
Another application of stationary batteries are large scale batteries e.g. in wind parks. This
could be e.g. vanadium-redox-flow-batteries. The idea is to flatten the energy production, to
save energy in high production times and feed in in low production times (wind- or photovoltaic-parks). Another idea is to use it together with e-mobility solutions (e.g. filling stations for
EV combined with energy production places). The redox-flow batteries are already on the
market but mostly used for industrial purposes. The use as energy storage in wind or solar
parks is only tested in pilot projects and until now not economic but thinkable. It should be
considered as a future option.
Potential of storage size is comparable to P2G (related to the planned wind energy in Ebersberg). The regeneration of electricity is depending on respective efficiency.
Demand Side Management: load transfer in private households
Demand Side Management means to give incentives to use e.g. electrical units to another
time than usually. In this case it means to use them, when there is a lot of electricity available
and to shut them down, when there is less electricity available. There are many possible appliances. In this chapter one example potential for load transfer in private households is given. Dishwasher, washing machine, laundry dryer or refrigerating appliances could be run
various at least in a limited time span. They can be used also some hours later or earlier or
even stopped, when it needs to save energy at a special moment. A study comes to the result, that it is possible to have a maximum theoretical peak load reduction of 5 GW and a
maximum theoretical load increase of even 12 GW in whole Germany at the same time
(FFE-26 13). Broken down to the inhabitants of Ebersberg and the assumption, that it is only
possible to shift use of the electric units so that peak loads of maximum 15 minutes can be
cutted, this means a maximum peak load reduction of around 10.000 kWh or a maximum
load-increase of around 24.000 kWh each day in the Ebersberg district (see Table 29). This
means only the maximum case, which would only be possible once a day (15 min). In reality
it would be less, because electric units like driers or washing machines are not running each
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day or even several times a day. One the other hand electric units like fridges could be shifted several times a day for some minutes. It would be more realistic to have several small
load transfers a day and to have different load transfers in different households. Another big
problem to transfer this in to reality is that there are not existing flexible electricity tariffs,
which would help to adapt user behaviour. Also the less electric units are smart grid capable
until now. These two factors will be responsible for future realty of load transfer in private
households. Maybe it will change from 2022 on, when smart meters get obligatory. How far
people get used to change their behaviour of running there electric units will depend especially on the offer of time and load variable tariffs.
Table 29: Load transfer in private households

79.500.000,00

Inhabitants Germany 2030

155.890,00

Inhabitants Ebersberg 2030 (+19 %)
Theoretical max. peak load reduction Germany[kW]

5.000.000
12.000.000

Theoretical max. load-increase Germany [kW]
Theoretical max. peak load reduction Ebersberg [kW]
Theoretical max. load-increase Ebersberg [kW]

9.804,40
23.530,57
0,25

Time theoretical max. [h]
Theoretical max. peak load reduction Ebersberg [kWh]

2.451

Theoretical max. load-increase Ebersberg [kWh]

5.883

Mainly thermal energy storage systems
Due to the different and often especially decentralised small scale heating systems it is hard
to find potentials for different storage systems. It depends always on the individual case
which storage and which storage size is the best one. Fact is, it should always be considered
heat storage when heating or hot water is produced (see explanation above). Which kind of
storage should be used is also depending on the individual case and its application. Due to
the fact, that it depends on individual cases and that heat storage should always come into
mind thinking on heating systems in the following are given only some potentials for example
applications. These examples are heating systems, where heat storage should be obligatory.
Types of storages are described above.
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Potential thermal storage for solar heat in households
According to the IKK, Ebersberg has the potential to use solar heat on a roof top area of
around 202.000 m² in 2030. This means a gain of around 80.890.000 kWh/a heat. Solar heat
is a typical example, where heat is produced, when it cannot be used directly at the same
time. This means heat storage would be very reasonable.
For a well-designed solar heat system with a surface of 15 m² the manufactures recommend
a heat reservoir of 1000 l (according to internal research of the FfE). This would be the easiest way of heat storage and the most common used today. The thermal storage system can
be also used for other heating system like heat pumps, micro-CHP plants or pellet-heating
systems. These kind of heating systems are often combined with the solar heat systems to
support them, when e.g. in winter sun is shining less.
Taking the given potential for solar heat, the total storage volume would be around
13.466.667 l (water), which corresponds with around 13.467 m³. To heat one litre of water up
to one degree it needs 1,16 Wh (BMMH-01 10). Under the assumption, that the storages
have maximum 90°C, there would be a theoretical maximum storage capacity of around
1406 MWh. In reality there will be used daily around 312 MWh (heating up or using a temperature difference of 20°K).
It has to be considered that these storages have losses. The height of the losses depends on
the surface of the storage. The bigger the storage is, the less the relative surface, the less
the losses. That suggest to take big heat storage and to share them e.g. with neighbours. To
increase the solar heat use coverage, it would be reasonable to use seasonal storages. Then
sun energy from summer can be saved longer and used in winter times.

Potential for thermal storage in local heating networks or biogas plants
A reasonable application of heat storages would also be in local heating networks respectively together with biogas plants. This possibility is described above together with biogas storages. Using storages in such systems would mean to have the possibility to run the heating
plant flexible and always with high efficiency. Part load would not be necessary, because too
much produced energy can be stored and used later. In Table 30 an example for heat storages in combination with biogas is given. Because of the existing aim in the IKK is easy to estimate in Ebersberg. Here it is estimated that the CHP has a maximum downtime of 16 h/d.
The produced heat has to last for this time. Following this example, heat storages should be
used in every combined heat and power plant or every heating plant, which sometimes
needs to run part load, because it produces to too much heat for the consumers.
Seasonal storage would be an option for combined heat and power plant as well, since there
can be saved heat which is produced in summer when producing electricity. This means
again to run the plant, when electricity for grids is needed and to have the heat, when heat is
needed.
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Table 30: Potential heat storage biogas plants

Production biogas plant heat extension until 2030 [kWh]

52.700.000

Production biogas plant heat in 2007 [kWh]

20.000.000

Production biogas plant heat total 2030 [kWh]

72.700.000

Flexibility: Heat storage [kWh/d]

132.785

4.3

Benefits of Regional Energy Storage

Energy storage technologies are an important factor for the integration of renewable energy
sources and therefore for the future regional development of the district of Ebersberg with an
increasing share of renewable energies in the total production and the targeted 100 % supply
of renewable energies until 2030. Even though storage technologies are still rather expensive regarding to the market development costs for these technologies will decrease in the
future. With increasing costs of fossil energy sources and therefore higher total shares of
renewables storage technologies will become compatible especially regarding the ancillary
services they can provide for electricity grids.
Benefits for the grid
High shares of renewable energy and their fluctuation can lead to imbalances between generation and load which can cause shifts in grid frequency. Storage can provide ancillary services without the emissions related to solutions based on conventional energies.
Also storage facilities located close to power plants of volatile renewable energies allow storing energy during periods of low demand and feeding into the grid during periods of high demand (peak shaving).
Energy storage technologies, through drawing energy and supplying energy to the grid at
chosen times, can support grid stabilisation (remedy three forms of grid instability: rotor angle
instability; voltage instability and frequency excursions.
Energy storage technologies can be used to support the normal operations of the grid, and
as such provide grid operational support. Grid operational support can be divided in four
types of support operations:


Frequency regulation services: energy storage can be used to inject and absorb
power to maintain grid frequency in the face of fluctuations in generation and load.
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Contingency reserves: at the transmission level, contingency reserve includes spinning and supplemental reserve units that provide power for up to two hours in response to a sudden loss of generation or a transmission outage.



Voltage support: energy storage can support the injection or absorption of reactive
power into the grid to maintain system voltage within the optimal range. Energy storage systems use power-conditioning electronics to convert the power output of the
storage technology to the appropriate voltage and frequency for the grid.



Black start: black start units provide the ability to start up from a shutdown condition
without support from the grid, and then energize the grid to allow other units to start
up. A properly sized energy storage system can provide black start capabilities.

Moreover, energy storage technologies can improve power quality and reliability.
The NETL (2008) study notes that load shifting comes in several different forms. The most
common of these forms is peak shaving. Peak shaving describes the use of energy storage
to reduce peak demand in an area. It is usually proposed when the peak demand for a system is much higher than the average load, and when the peak demand occurs relatively rarely. As such, capacity upgrades are very expensive as they permanently upgrade the grid's
capacity in order to tackle rare peak demand events

Energy Storage benefits for the owner


Reduces cooling costs by up to 40 % by shifting a building’s energy demand from onpeak to off-peak electric times.



Thermal energy storage is lowest cost form of energy storage.



With a partial energy storage system, engineers can specify chillers at 50 % to 60 %
of the previous size, reducing capital outlays.



The size and cost of air handlers, motors, ducts, and pumps can be reduced by 20 %
to 40 %.



Energy Storage lowers the relative humidity within a building and, as a result, occupants feel comfortable even if the thermostat is set at a higher, more cost-saving setting.



Increases a building’s load factor so less-expensive energy rates can be negotiated
with energy providers.



Energy Storage can be added to an existing chiller system to increase cooling capacity and reduce cooling costs.



Energy storage provides a quantifiable return on investment.



Building owners can use thermal energy storage as a load shifting response tool and
reduce peak demand in response to price signals with little if any impact on building
occupants.
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Energy Storage benefits for the environment and society
The technical benefits of storage technologies for the grid result also in environmental benefits. Since the energy to stabilize the grid comes from renewable source greenhouse gas
emissions can be saved.


Energy storage helps make renewable energy resources (wind, solar) more viable.



Distributes the energy to the buildings at night when line losses are low and generation efficiencies and wind resources are high.



Reduces emissions and use of dirtiest power plants.



Increases load factor of generation up to 25 %.



Delays the need for additional power plants.



All forms of stored energy are going to be needed to address all the different issues
on the grid but thermal energy storage reduces peak electric demand and it stores
what that demand is normally needed for, which is cooling.



Thermal energy storage reduces source-energy consumption by 8 % to 34 %, which
means that energy providers will generate fewer polluting emissions.

Energy storage technologies will provide employment and other economic growth opportunities. Energy storage technologies are currently not uniformly deployed, but will create jobs in
manufacturing and installation as the technology market penetration expands. In addition,
through energy grid stabilisation and smoothening, the technology is expected to support
economic growth objectives.

Energy Storage benefits for the energy provider


Energy storage systems reduce peak electrical demand, allowing energy providers to
produce more electricity at increased efficiencies and avoid costly expansion.



In numerous studies, it has been proven that electricity is produced and delivered
much more efficiently during off-peak hours than during on-peak periods. For every
kilowatt-hour of energy that is shifted from on-peak usage to off-peak, there is a reduction in the source fuel needed to generate it. While the exact amount of savings
varies, studies show a range from 8 % to 30 % for two of the major utilities studied.
The reduction in source fuel normally results in a reduction of greenhouse-gas emissions produced by the power plant.



Use of thermal energy storage increases a utility’s load factor.



Use of thermal energy storage removes big electric motors from on-peak use, which
are the main contributors to power factor issues.
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5 Framework for future Storage Systems
The following listed topics make no claim to be complete. It should give a short overview on
the framework for future storage systems lend on and quoted from the AlpStore national
frameworks: the case of Germany (BAUM-02 13, BAUM-03 13) and expanded by the regional frame conditions. It gives an overview of the influences on the situation. In general, these
are laws, directives or regulations on different levels, but also regional aims, subsidy programs, policy, lobby, technology trends, cost effectiveness and market availability of technologies.

5.1

Governance

EU-Framework
German policy with regard to renewable energies and energy storage moves largely along
lines defined by the European Union (EU). For this reason, a comprehensive presentation of
the EU policy framework is essential to understand Germany’s energy policy.
One important part of the EU’s energy policy is the EU’s growth strategy “Europe 2020”, in
which five targets are defined. They are concerning the area employment, R&D, climate
change and energy sustainability, education as well as fighting poverty and social exclusion.
The target climate change and energy sustainability (20-20-20 until 2020) is the most important in the context of renewable energies including energy storage. This target involves:


greenhouse gas emissions 20 % (or even 30 %, if the conditions are right) lower than
1990



20 % of energy from renewables



20 % increase in energy efficiency

The EU’s institutions have formulated specific targets and recommendations for the individual member states in addition to the overall EU targets and recommendations. The EU’s overarching 20-20-20 target is thus translated into the specific country targets (BAUM-03 13). For
Germany this means minus 14 % of CO2-Emissions, plus 18 % renewable energies and a
reduction of 38.30 Mtoe in energy consumption. Germany has the function to pursue a major
reform of the energy system concerning minimization of the costs for transforming the energy
system. This should be done among others by accelerating the nation and cross-border network expansion.
Within the frame of the Europe 2020 strategy, the EU institutions, and other bodies to which
the EC has delegated specific tasks, have released a number of documents developing the
Europe 2020 strategy in greater detail with regard to energy (BAUM-02-13).
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Energy 2020 – A strategy for competitive, sustainable and secure energy (communication from the EC)



Energy infrastructure priorities for 2020 and beyond – a blueprint for an integrated
European energy network (communication from the EC)



DG ENER working paper on energy storage



ENTSO-E’s Ten-Year Network Development Plan.

European legal documents which are relevant in the context of this study are in particular the
following two directives:


Electricity Market Liberalisation Directive (EMLD)



Renewable Energy Directive (RED)

National Framework
The overarching German policy on renewable energies, and thus also on energy storage, is
the “Energiewende” (energy transition), an energy concept adopted by the Federal Government on 28th September 2010 and up-dated after the Fukushima nuclear catastrophe on 6th
June 2011. The main aim of the energy concept of October 2010 is the accelerated transition
towards fully renewable energy based economy until 2050, comprising the electricity, heat
and transport energy sectors. The main change introduced in June 2011 is that this aim
should be achieved through nuclear power will be phased out completely until 2020 after
seven out of 17 nuclear reactors were already stopped, and not put into operation again,
immediately after the Fukushima nuclear catastrophe in March 2011. Further, the nuclear
power plant Krümmel which was already stopped before the Fukushima accident will not be
ramped up again.
The up-dated targets of the German energy and climate policy are:


Reduction of greenhouse gas emissions detrimental to the climate by 40 % until
2020, 55 % until 2030, 70 % until 2040, and 80-95 % until 2050 compared to 1990



Reduction of primary energy consumption by 20 % until 2020, and by 50 % until 2050



Increase of energy productivity to 2.1 % per year in terms of the final energy consumption



Reduction of electricity consumption by 10 % until 2020 and 25 % until 2050 compared to 2008



Reduction of heating demand in buildings by 20 % until 2020, and reduction of the
primary energy demand in buildings by 80 % until 2050 compared to 2008
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Increase of renewables share in the gross final energy consumption to 18 % until
2020, 30 % until 2030, 45 % until 2040, and 60 % until 2050



Increase of the renewables share in the final electricity consumption to 35 % until
2020, 50 % until 2030, 65 % until 2040, and 80 % until 2050

The role of storage within the “Energiewende” is described in the energy concept as follows:


Rapid expansion of renewable energies: The generation from renewable energy
sources shall become more dispatchable and system services for network and supply
security shall be provided; stores and an increasingly flexible conventional generation
park shall balance the fluctuating generation from renewables.



Intelligent electric networks and stores: For the expansion and the system integration
of renewable energies intelligent distribution grids are of major relevance. … Equally
important is the development and use of storage technologies for stabilizing the fluctuating generation from renewable sources and for making further progress regarding
their expansion in Germany and Europe and regarding their efficient interaction. The
amendment of the Energy Industry Act (EnWG) is paving the way for intelligent networks and stores. For the integration of fluctuating renewable energies, stores are an
essential element. For this reason, new stores will be exempted from grid usage
charges.

The “Eckpunktepapier” (key issues paper) of 6 June 2011 further announces an intensified
promotion of research and development on storage and grids.
In summary, storages are a subordinated topic on the agenda of the “Energiewende” and are
mentioned jointly with grid extension as a measure for dealing with the intermittency of renewable electricity generation. Other alternative measures for contributing to the latter such
as Demand Side Management or virtual power plants consisting only or mainly of renewable
generation facilities are not mentioned in the key papers of the German government on the
“Energiewende” (BAUM-03-13).
Germany is also in line with the EU policy and the accelerated restructuring of the electricity
grid. This means the German government has put a strong accent on the restructuring of the
electricity grid and released some acts partly already before Fukushima:


Power Grid Expansion Act (Gesetz zum Ausbau von Energieleitungen Energieleitungsausbaugesetz-EnLAG),



Power Transmission Grid Expansion Acceleration Act (Netzausbaubeschleunigungsgesetz Übertragungsnetz-NABEG)
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Since 2012 a network development plan exists. This plan contains optimization- reinforcement- and expansion measures for the transmission grid. The “Bundesbedarfsplan” fixes
which measures are economically necessary and which measures should be done first. Legal basis is the Bundesbedarfsplangesetz (BMWI-10 13).
Then there are some different support programs and incentives given by the government to
promote storing energy. In the following are given some examples:


PV-battery storage program: A specific financial support and promotion programme
has started on 1 May 2013. The government’s objective is to create a first niche market for small battery stores integrated in PV system in order to stimulate industrial
production and price reductions. The financial support is provided in form of a repayment bonus to a loan given by the Kreditanstalt für Wiederaufbau (KfW, Reconstruction Loan Corporation) via the loan receivers’ main banks. Support is given for stationary batteries in PV plants with a peak power of up to 30 kWp which have been installed after 31 December 2012. A condition is that the battery allows limiting the
peak power of the PV plant to 60 % of the nominal power during the whole life-time of
the PV plant, and further that an open interface is installed which allows the grid operator to configure the inverters remotely. The financial support is up to 600 € per
kWp of PV nominal power (generator) for new and 660 € per kWp for existing photovoltaic plants (BAUM-03 13).

German federal laws which are relevant in the context of this study are in particular:


Energiewirtschaftsgesetz (EnWG; Energy Industry Act)



Erneuerbare-Energien-Gesetz (EEG; Renewable Energy Act)



Kraft-Wärme-Kopplungs-Gesetz (KWKG; Cogeneration Act)



Erneuerbare-Wärme-Gesetz (EEWärmeG; Renewable Heat Act)

German ordinances which specify different aspects covered more generally by laws and
which are relevant in the context of electricity storage are among others:


Stromnetzzugangsverordnung (StromNZV; Electricity Grid Access Ordinance)



Stromnetzentgeltverordnung (StromNEV; Electricity Grid User Charge Ordinance)



Gasnetzzugangsverordnung (GasNZV; Gas Grid Access Ordinance)



Gasnetzentgeltverordnung (GasNEV; Gas Grid User Charge Ordinance)



Herkunftsnachweisverordnung (HkNV; Guarantee of Origin Ordinance)
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Bavarian framework:
Examples for aims in the area of energy storages in Bavaria:
The Bavarian Cabinet has decided that a part of the about 2.400 existing biogas plants in
Bavaria should be equipped with the necessary components allowing for flexible operation in
pattern with the demand from summer 2013 on (BAUM-03 13).
Bavarian laws are not directly relevant in the storage context.

Regional Framework
According to GG art.28, communities and districts are public bodies within the federal structure of Germany with the right of self-governance as far as issues are concerned that related
only to their own area. However, districts and communities cannot adopt laws. Instead, they
can formulate a local or regional policy, including energy issues, and can act in a number of
ways such as:


own investments in renewable energy and storage installations



provision of subsidies for renewable energy and storage installations



definition of minimum requirements for energy performance of buildings in settlements

The rural district Ebersberg defined some aims and programs concerning climate protection
and energy use to reach the overarching objective “Energiewende” (energy transformation).
These also lead to energy storage in a wider context. In the following are named some example activities, plans or programs of the region.


Integrated climate protection plan (IKK) of the district of Ebersberg:
Ebersberg decided to pursue the goal to have 100 % renewables until 2030. That
means to meet energy requirements in the region 20 years earlier than the rest of
Germany. To achieve their ambitions the region did the climate concept, finding out
their potential for renewables, having specified which aim they have to reach at which
time and giving an idea how much CO2-equivalents can be saved. Furthermore there
is integrated a concept how to meet the goal. The concept should help to have a “Energiewende” in the rural district which is decentralised, done in own-initiative,
planned, realised and financed with local and regional resources (BAUM-01 10).



Cooperative model:
To reach the “Energiewende” in a decentralised way and to have an added value in
the region the rural district decided to build up a system of cooperative models. Everybody of the rural district can actively participate.
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The “Arbeitskreis Bürger- und Komunalbeteiligungsmodelle” (working group public
participation models) prepared an organisational structure for two district energy cooperatives: The “Regenerative Energie Ebersberg eG” (REGE eG, rural district cooperative) and the “Bürgerenergie im Landkreis Ebersberg eG” (BE eG, citizens energy
cooperative). They should not be concurrence to other energy cooperatives in the region but should complement others. Figure 53 shows the planned structure for cooperatives in Ebersberg (EBE-01 13).

Figure 53: Structure of the cooperative models in the Ebersberg region (EBE-01 13)

The top-cooperative REGE eG was founded on the 24th July 2013 and will work on
energy subjects. The cooperative will be responsible for the implementation of the
position paper “Lokale Wertschöpfung der Energiewende sichern” of the district
mayors. Furthermore this cooperative will implement inter-communal and huge projects. Existing energy cooperatives and the planned district citizens energy cooperative will implement independently regional projects (EBE-02 13).


Concentration area planning (wind energy)
The Ebersberg district is doing a planning for a designation of concentration areas,
thereby are determined possible locations for wind power plans. This aims to have
wind power plants concentrated on reasonable locations and to prevent disfigurement
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of the landscape. Furthermore wind measurements are running. Result will show the
real future potential and so the potential for storage (see Chapter 4.2 ) (EBE-03 13).


“Energienutzungsplan” (energy usage plan)
The Energienutzungsplan is designed to show todays energy use and future potential
for future energy saving. It should help to improve efficiency and give a potential for
regional utilisation of renewable energies. In the end it should give an example how to
implement measures to have an intelligent and efficient energy use. At the moment
this plan is in the stage of tender and needs to be prepared in future (EBE-03 13).

5.2

Technology Trends

Future storages will depend on trends and trends may depend on affordability, benefit or
marketing and market development. As also partly described in Chapter 4.2 PV-self consumption and e-mobility are becoming more and more interesting for consumers. Both are
supported and both are easy to combine with plus-energy-houses. Plus-energy-houses are
producing more energy than they need. This means to save a lot of money the longer one is
living in there. Having heat storages is almost standard at least in new houses or latest after
installation of a new heating system in old houses.
Operating Biogas plants flexible is also more and more of interest (see biogas plant of
Rothmoser in Grafing), because it is becoming economic and together with reasonable heat
utilisation it becomes interesting to have biogas production and CHP’s separated. Furthermore there can be observed the trend to upgrade the biogas and feed it in the gas infrastructure as bio-methane.
The storage technology park of future will also depend on results in research (e.g. P2G or
V2G).

5.3

R&D activities

There is a lot of research concerning future energy storage in Germany. For that, look at
German Framework chapter 9 (BAUM-03 13). There is also some R&D in the Ebersberg region: In the context of AlpStore, a concrete project is done in Grafing, which is a city of
Ebersberg district. It is investigated the implementation of biogas storages and heat storages
in the heating network of the energy supplier Rothmoser, as well as technically and economically. In addition there are some further ambitions concerning energy storage, e.g. a car
dealer of the region thinks of to complement his huge photovoltaic plant with energy storage
or to combine it with EVs in the context of a research project.
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Stakeholders

Almost everybody who wants to have a stable energy supply should be interested in the topic
energy storages. More concrete stakeholders are as well energy producers and electrical
grid operators as energy consumers. Energy producers are interested in selling the produced
electricity, what won’t work, when they cannot feed it in because power is too high. An example for an energy producer in the district of Ebersberg is the energy supplier Rothmoser in
Grafing. In the project AlpStore there are investigations on the advantage of a flexible biogas
plant in their heating network, which requires biogas and energy storage. Another example is
the car dealer Grill in Ebersberg, who may become a pilot trader for EV’s. The more popular
and usable EV’s are the more he will sell. Also he is interested in storing and consuming his
own produced electricity out of photovoltaic. This could happen together with a huge battery
or with a good managed EV-pool. Further examples for stakeholders are private people
which use battery storage together with their photovoltaic plant. They can raise their own
consumption and save energy costs. They are as well producers as consumers.
Grid operators have the responsibility for a stable grid and should be interested in the application of different technologies which are able to flatten the feeding in peaks of renewables.
Last but not least residents of Ebersberg district (consumer) can benefit through added value
in the region or regional raising economy and development.

6 Master Plan
6.1

Objectives - Vision and Goals

The district Ebersberg has the ambitious target to have in balance 100 % renewables until
2030. This means a fast energy turnaround. An additional aim on the path to 100 % renewables is to have high energy efficiency, to save energy and to generate electricity decentralised using own resources. The vision is to protect environment, especially climate and save
resources for descendants in the region. This will be achieved by a reasonable and sustainable use of resources and produced energy. The aim to have 100 % renewables in 2030 was
already decided 2006 by the district in the integrated climate protection plan (BAUM-01 10).
Aims are also settled in a position paper of the mayors of the district Ebersberg called “Lokale Wertschöpfung der Energiewende sichern” (save local value creation of the energy
turnaround). Therein aim is to have the district free of fossil and not regenerative generated
energies. This should happen in a decentralised way, remaining value creation in region
(EBE-02 13).
The region doesn’t want energy autarky, but rather contribute to a fast, sustainable end efficient energy turnaround. The region is connected to the German grid and it is much more
efficient and energy saving to share energy supra-regional.
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In all this the citizens of the region should be integrated and taken into responsibility. It
should be a joint project, with benefits for all. Together way more can be achieved than alone
or without support of the majority.
According to Mr. Gröbmayer another idea of the district is to found a regional energy supplier, which manages regional energy requirements and maybe buy back the regional electrical
grid in future.
Finally the region should benefit in having a high security of supply, being flexible and independent and have high value creation for the region.

6.2

Regional Storage Park

A summary of the individual storage potentials in Ebersberg and not a recommendation of a
specific storage combination is given below. Reason is that nobody knows how much storage will be needed in future (as described above). Storage systems are still in research and
on pilot level. Almost no storage system is economical today (at least electricity storage) and
it is not sure that it will be in future. Then it has to be considered that there are also electricity
grids. The FfE is doing research in exactly this context (Merit Order of Storage 2030) (FFE03 13). Maybe the results of this project will give better recommendations in the end. So this
should be followed and acted on it after results. Therefore there are only common recommendations in this chapter how to act the next few years and the aspects which should be
taken into account for decision making.
Table 31 shows possible storages and storage potentials of Ebersberg described in chapter
4.2 in summary. Most of them cannot be used at the same time. For example biogas can be
stored either in the gas grid or in separate storages for flexible biogas plants depending on
the individual case. On the other hand Biogas plants and batteries for solar self-consumption
are independent and so usable at the same time. This means it is not possible to add up all
individual potentials! There is need to reflect possible storage system in any individual case
and then decided which is the most reasonable. Main possibilities will be on biogas storage
from biogas plants as well as P2G combined with wind power plants in far future and photovoltaic self-consumption combined with battery storages. Storage potential of EV’s will especially depend on the development of the EV-market and research for using them as storage.
Heat storage should always be considered, especially in solar heating and combined heat
and power plants.
Figure 54 shows the potentials in a diagram, but without the potential for biogas storage in
the gas grid and the relief of the electricity grid by photovoltaic self-consumption. These two
potentials are given for the whole year and not comparable with the other potentials, which
are independent from grids.
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Table 31: Storage potentials summary
Potential
Type of storage

Unit

Note

Electricity storages
Biogas
Gas grid as biogas storage
Gas grid as biogas storageupgraded biogas
Storage for flexible
biogas plants
Storage for flexible
biogas plants

Upgraded biogas

75.410.000

kWh/a

7.541.000

m³/a

137.735

kWh

max. downtime 16 h

22.956

m³

max. downtime 16 h

235.306

kWh

29.413

kWh

50 %, 20 %

254.300

kWh

batteries in whole

152.580.000

kWh/a

<254300

kWh

Mobile batteries (EV)
Theoretically lasted
storage capacity
Usable storage capacity

Only partly usable as
storage

Stationary batteries
PV-self-consumption – lasted
storage capacity
PV-self-consumption - relief electricity grid
Quarter storage-lasted
Storage capacity

several people share

Load transfer in private

need of flexible

households

electricity tariffs

Peak load reduction

2.451

kWh

theoretical maximum

Load increase

5.883

kWh

theoretical maximum

132.785

kWh

max. downtime 16 h

Storage solar thermal energy

1.406.000

kWh

theoretical maximum

Storage solar thermal energy

312.000

kWh

realistic daily use

Heat storages
Storage for flexible
biogas plants

126

Region
Status Quo and Masterplan

Ebersberg:

Figure 54: Storage potentials summery overview

In fact, it doesn’t need the whole storage capacity pointed out for autarky in chapter 4.1
(around 62.000 MWh) and in fact it wouldn’t be possible in an economic and ecological way
in the district of Ebersberg. This gets clear considering the table above. It would need a lot of
batteries or power to gas technologies. This technology is named as example because the
potential is theoretically infinite. Biogas storage is limited by biogas production. It is more
reasonable to share some electricity with other regions and flatten tops of electricity differently generated due to weather patterns.
Todays and future research will show how much storage capacity should be available. But
research development shows that it will be less than in a region is theoretically needed, due
to the electricity grid. Grid expansion will be needed any way because it may have to
transport a lot more energy in future even without fluctuating energy production. This means
a lot of produced energy can be transported from one region to another. But it will never be
expanded for every electricity production what may give sense to have some storages available. Then there will be the question which storages make sense. To answer this, storage
possibilities should be viewed from different angles. First question: is economy the only argument for the region to introduce storages? And for which economy it should be economic –
the national economy the business economy or the regional economy? What is good for the
regional economy may be bad for national economy. The region gets value creation, people
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have work and people do something together. They do identify themselves with the region
(“we-feeling”). This plays a huge indirect economic role for the regional economy. On the
other hand it is really difficult to say what is economic in any case in future. An example is
the use of mobile batteries. At the moment it is obviously not economic for anyone. But in
future people might get paid when they make their car available as storage. And after the first
life in a car, batteries may have a second life (second life/second use battery) in people’s
cellars being stationary batteries. Furthermore buying a car has always been not only an
economic investment for private persons. It can also be a status symbol. So storage capacity
may grow being not economic. A big influence on the future storage park will also be the future aspects after the EEG in Germany. Will there be more regulations of renewables? Or will
fed in electricity get no money, when there is too much produced? This would give more reason for storage capacities in future. Another arising question will be if the “Energiewende” will
cost in any case or if it is also expensive to have no “Energiewende”? And is it always expensive for others, when one region is strengthened. The aim of the AlpStore project is to
strengthen the alpine region. This Masterplan is a plan for the Ebersberg region. So there will
be given primarily hints which are good for this region. But it should be kept in mind that also
the rest of Germany and Europe exists.
What can be done already today (non-regret measures) in Ebersberg and which strategy
should be followed in future look at Chapter 6.3.

6.3
6.3.1

Storage Roadmap
Measures and Projects

In the following the text describes what is possible to do to enlarge the future storage park.
This will be recommendations and proposals. The development around storage possibilities
and their sense should be observed and adapted. Future storage cannot be fixed today. It
will stay a fluent process.

Recommendations of non-regret measures
The non-regret measures given in this part are largely taken from the German Framework
(BAUM-03 13) and adapted to Ebersberg district:
Measures implemented in AlpStore and therefore useful for Ebersberg should ideally have
the largest possible leverage effect within the years 2013-2015. On the basis of the assessment presented in this document, the following preliminary recommendations can be formulated for regional players in the Alpine space. They are valid for Germany, but can provide a
good base for similar recommendations for the other Alpine countries. The options are called
short-term non-regret options here, because they can be implemented in the short term without running into the risk to make a big mistake if the development of RE electricity genera-
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tion, storage technology and market development, and the development of the political and
legal framework will take another route than estimated today.

Investors


Continue installing renewable electricity generation facilities of all kinds and don’t wait
for better storage systems. In most cases the electric grid is able to accommodate an
even much larger share of RE electricity than it does at present or it might do so after
minor extension or reinforcement.



If you plan to install larger RE electricity generation facilities such as a large wind
park, investigate the option of a connection to the medium-voltage distribution grid or
even to the high-voltage transmission grid via a separate generation grid installed in
parallel to the existing distribution grid.



Make use of the federal support program for battery systems connected to PV plants
for limiting the maximum power injection of PV plants to 60 % of the nominal PV generator power. Increase the photovoltaic self-consumption.



Complement large new biogas plants with up-grading facilities wherever it is possible
to inject bio-methane into a nearby gas line and especially when heat is not reasonable usable



If you combine a biogas plant with strong intermittent RE electricity generation facility
such as a large wind park, investigate the option of converting a part of the generated
electricity to SNG. This can be done in a P2G unit that converts the carbon-dioxide
fraction of the biogas into bio-methane, thus replacing the gas washing unit that is
usually installed for up-grading biogas to bio-methane.



Complement existing biogas plants with further CHP and extended biogas storage
tanks, operate the plants in a flexible mode, and sell the electricity via an accredited
seller on the spot and balancing energy market instead of making use of the guaranteed remuneration.



Try to negotiate a financial compensation from the local distribution grid operator if
your investments avoid him extending or reinforcing the electric grid.



Try to sell your RE electricity to a green power supplier who might be interested in
buying RE electricity in pattern with a fixed time-plan which you might guarantee
thanks to your storage facilities.



Use of surplus electricity for heating is better than not using available surplus electricity. This is notably the case if the costs of electricity are very low or even negative.



Build up thermal energy storages for all private and public buildings, especially those
with solar thermal power plants
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Regional energy utilities


Invest yourself in RE electricity generation, including PV plants on rented roofs of citizens, companies and public buildings. This will allow you “keeping a hand on things”
even if the electricity generation becomes much more decentralised than today. Owning generation plants will allow you more easily monitoring dispersed generation, optimizing grid extension, storage, generation measurement, etc., and better designing
suitable variable tariffs, e.g. for stimulating Demand Side Management.



Optimise the installation of new generation facilities in pattern with the grid extension.



Invest in pilot storage facilities to manage local grid bottlenecks and to gain experience with different storage technologies.



Bundle electricity generation and Demand Side Management and operate on the
electricity markets.

Local and regional authorities


Go ahead and invest in renewable energies and energy saving in own buildings and
facilities.



Provide guidance to the regional development by establishing jointly with interested
citizens and relevant regional players an integrated regional energy development plan
based on a thorough assessment of local/ regional renewable energy generation, energy saving, Demand Side Management and storage options.



Ideally, let calculate a research institute which variants of the regional energy development plan have which costs and benefits.



Employ an energy change manager for managing the transition to a mainly RE-based
energy supply and for consultation of citizens and companies.



Motivate citizens and companies to invest in the energetic refurbishment of buildings
and the use of renewable energies for hot water preparation, heating, and cooling.



Set up local/ regional support programs for storage technology, e.g. for battery stores
in PV plants or thermal storage tanks



Build infrastructure for E-Mobility



Motivate citizens and companies to invest in RE and energy saving.



Motivate and support established enterprises and start-up companies.



Set up local/ regional support programmes for storage technology under the condition
that these installations contribute balancing services for the optimal operation of the
local supply and consumption system.



Participate in research and deployment projects.
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Proposals for the Implementation of pilot projects
To participate in research and deployment projects means to help realizing the “Energiewende”, finding out what will be possible and reasonable in future concerning energy
storage. It is very important that there are some persons or even regions which take the risk
and try future technologies behind the described background that energy storage are still in
research and nobody knows the future merit order and economy of them. One idea would be
to create a demonstration region and show other region what they can and should do in future and show that it works. For that


promote pilot projects



be interested in pilot project, (e.g. like energy supplier Rothmoser who thinks about
biogas and heat storages in its local heating network)

Examples for demonstration project:


small building area, only supplied with renewable electricity power to heat



building area with quarter storage



P2G project combined with a biogas plant integrated in the planned wind park



Test an long term heat storage in a public building



Try new technics



…

6.3.2

Timelines, milestones and Controlling

As described above, it does not exist a today working solution for the peak-residual load
problem, but there is a lot of research how to solve the problem in future and also many ideas. It is not known yet, which storage will exactly be the most profitable in which situation, but
there is a quite good frame idea of the merit order for future measures concerning energy
storage (IWES-02 12):
1. Generation and load management.
o Demand Side Management (e.g. through flexible electricity tariffs)
o Make electricity production flexible (e.g. biogas plants)
2. Grid expansion (will come, is needed even with storage)
3. Storages (probably in 20-30 years)
o Short-term
o Long term
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Nationally seen there will be storage need due to relevant energy surpluses when the
amount of renewables reaches 50-70 %. This is valid as long there is an ideal grid expansion
and no import or export. This means to build up storage should be a long term aim and it is
not necessary to be hasty.
So first follow the recommendations given in Chapter 6.3.1 and concentrate on Generation
and load management the next few years. Flexible electricity production is still possible and
should be done. Demand Side Management is until now not attractive for private persons as
long as there are no flexible tariffs given by the energy suppliers. Make it interesting for people to use electricity when there is a lot produced. Observe the energy market and inform
people when flexible tariffs are available.
Proof at latest every 5 years, if given storage possibilities are still up to date. Further Information will be given e.g. the future results of the MOS-study done at the FfE (FFE-03 13).
There is a lot of research concerning energy storage especially in Germany. Follow the results and adapt the future storage strategy.
To find out which storages are of interest, adapt the structure of the future storage park and
to control progress in generation and load management and later storage expansion it needs
a person who is responsible. This person should observe the market and technology development last but not least statics concerning storages in the region. Also it should inform people and show interesting and relevant aspects of storage for example through public events
or information packages which inform the citizens of Ebersberg.

6.4

Implementation Structure

As described above storage needs to be installed when there is too much electricity produced for the existing grid. Storages and flexible energy production/consumption are most
often decentralised and so depending on the behaviour of many different people, which could
become contra productive. To have a reasonable storage, which flattens the peaks of energy
production it need to find a structure how to manage all these small storage possibilities as a
big one.
The suggestion for implementing the polynomial storages is to build up a structure and find a
market role, which gives the possibility to operate the regional storage park in a reasonable
way. This means e.g. to implement the storages in a so called virtual power plant, which is
operated more central then the storages are. This job could be done by a regional power
supply company. It also has to be attractive for the participants in this power plant.
Heat storage is difficult to be managed decentralised because heat can be stored and used
good at the site it was produced. However it is necessary to save surplus heat and use it
later. Also it is useful to have bigger storages, which are shared among several people.
Losses and probably prizes will be less.
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