Pilot Region Oberallgäu
Status Quo Report and Masterplan
Author:

eza! + AÜW

Contact:

Felix Geyer, energie- und umweltzentrum Allgäu (eza!)
Carmen Albrecht; Allgäuer Überlandwerk GmbH (AÜW)

Status Quo Reports are contributing to AlpStore WP4, Action 4.2
Masterplans are contributing to AlpStore WP5, Action 5.2
Work Package Responsible WP4, University of Liechtenstein, Professor Peter Droege
and Team, Work Package Responsible WP5, Novae Alsace (Freshmile), Arnaud Mora
Lead Partner
B.A.U.M. Consult
Ludwig Karg, Patrick Ansbacher, Anja Lehmann, Dr. Michael Stöhr

Region Oberallgäu:
Status Quo and Masterplan

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 Application
1 West Milan
IT
EV fleet management and VPS, involvement of ESCO
and PAES for efficient energy management
2 Aosta
IT
“AOSTA Valley Regional Energy Plan 2011-2020”
3 Lombardy
IT
electric public transport
integration of VPS long term plan (gas, PV) with sustainable mobility needs and storage opportunities
4 Alsace
FR
fleet management with EV and fuel cell vehicles in office buildings
5 Vorarlberg
AT small hydro pump vs. mobile and stationary battery
storage, mass roll-out of EV
6 Güssing
AT mobile vs. stationary use of biogas
7 Haslital Brienz
CH controlled charging with 2nd life batteries in semipublic areas (supermarkets)
8 Gorenjska
SI
off grid situations of small mountain villages
9 Allgäu

DE

10 Ebersberg

DE

11 Berchtesgaden

DE

12 Ticino
13 Liechtenstein

CH
LI
FL

integrated storage and mobility for public transport,
electric car and e-bike charging infrastructure
solar battery storages for fully integrated plus energy
houses
managing biogas and wind energy in Ebersberg
small hydro pump, pressed air storage in salt mines in
Berchtesgaden
Ticino RE Platform
potential for RES in various settlement forms
(masterplan focused on potential for RES in various
settlement forms)

2

Resp. PP
EU-IMP
AOSTA
ALOT
AGIRE
FRESH
UTBM
VLOTTE
EEE
KWO
UL / RDA
JEZ
BAUM
EZA /
AUEW
BAUM
FFE
BAUM
FFE
USI
LIECH

Region Oberallgäu:
Status Quo and Masterplan

Contents
Contents .................................................................................................................................................. 3
1

Summary ......................................................................................................................................... 5

2

The Pilot Region............................................................................................................................... 8

3

Status quo of Energy System ......................................................................................................... 15
3.1 Energy Production ....................................................................................................................... 15
3.1.1

Conventional Power Plants ........................................................................................... 18

3.1.2

Renewable Energies ...................................................................................................... 18

3.2

3.2.1

Business clients.............................................................................................................. 24

3.2.2

Private consumers and small-scale business clients ..................................................... 24

3.3

Power grid ..................................................................................................................... 25

3.3.2

Metering points ............................................................................................................. 25

3.3.3

(Smart) grid issues and development status ................................................................. 25

Energy Storage ...................................................................................................................... 27

Future Energy System.................................................................................................................... 30
4.1

Regional Energy Production .................................................................................................. 34

4.1.1

Conventional Power Plants ........................................................................................... 34

4.1.2

Renewable Energies ...................................................................................................... 34

4.2

Regional Energy Consumption .............................................................................................. 37

4.2.1

Business clients.............................................................................................................. 37

4.2.2

Private consumers and small-scale business clients ..................................................... 37

4.3

5

Energy Transmission and Distribution................................................................................... 25

3.3.1

3.4
4

Energy Consumption ............................................................................................................. 21

Transmission and Distribution Grids ..................................................................................... 38

4.3.1

Stressors for the Regional Power Grid .......................................................................... 38

4.3.2

(Smart) Grid Solutions ................................................................................................... 40

Future Energy Storage ................................................................................................................... 42
5.1

Storage Requirements 2022 .................................................................................................. 57

5.2

Storage Requirements 2050 .................................................................................................. 58

5.2.1
5.3
6

Short Term Storage vs. Long Term Storage ................................................................... 59

Potentials for Regional Storage ............................................................................................. 60

Framework for future Storage Systems ........................................................................................ 64

3

Region Oberallgäu:
Status Quo and Masterplan

7

Master Plan ................................................................................................................................... 72
7.1

Objectives .............................................................................................................................. 72

7.1.1

Vision ............................................................................................................................. 72

7.1.2

Goals .............................................................................................................................. 72

7.2

Storage Roadmap .................................................................................................................. 73

7.2.1

Measures and Projects .................................................................................................. 73

4

Region Oberallgäu:
Status Quo and Masterplan

1

Summary

In the Allgäu region the energy future is not only a great challenge but also a great opportunity. In
the AlpStore pilot region Oberallgäu/Kempten AÜW has already gone the first steps in 2007 (with the
PEESA-Study; potentials of renewable and efficient energy supply in the Allgäu region) to confront
with the challenges of the future. Municipalities and counties in the region – in cooperation with the
regional energy-and-environmental-centre eza! – are continuously working on climate protection
concepts that analyse the current status and possible actions.
Objectives are defined for the visions of the future. The devastating accident at the nuclear power
plant in Fukushima/Japan in March 2011 led the Bavarian State Government and also the German
Federal Government up to adopting resolutions to complete the nuclear power phase-out by the year
2022.
Based on these resolutions, the decision makers in the Allgäu region have also made ambitious decisions; for example in the county Oberallgäu, the unanimous decision was taken by the council Oberallgäu on July 15, 2011. “Assuming constant power consumption, in 2022 a share of 70% of the volume of electricity consumption (consumed in the region Oberallgäu/Kempten) should be generated
with renewable energy sources in the region.” Since then, diverse stakeholders in the Allgäu region
have been continuously working towards a successful implementation of the objectives.
Status Quo
In addition to the sustained expansion of renewable energies such as hydroelectric, wind and solar
energy, the future storage technologies will be analysed and brought forward. In 2012, already about
33% of the electric energy consumed in the Oberallgäu (incl. Kempten), was produced from renewable
sources as pictured in the following figure.
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The latest analysed potentials (that are based on the PEESA-study and extended by eza! with the results of the communal climate protection concepts) in the production of electrical energy are especially located in the sectors photovoltaic and wind-power. Currently, only 3% of the potential of wind
energy (there is a huge potential of over 850.000 MWh per year) is already used. Although there are a
large number of photovoltaic systems already installed in the pilot region, the potential is still enormous. If the full technical potential can be tapped, over 685.000 MWh per year can be generated by
PV-systems. A small potential is to be found in the sector of the use of biomass in combined heat and
power plants. If the total potential for the production of renewable energies was developed, the district Oberallgäu could produce more electric energy than needed for consuming. But: This amount of
energy is produced and consumed throughout an entire year. The time of production and the cooccurring production and consumption were not considered.

Master Plan
The first step for the future energy supply in the Allgäu region is electricity from wind power combined with electricity from PV systems. The grid-capacity for more wind turbines in the Allgäu is available. The running research project "IRENE" (integration of regenerative energies and electro mobility
into the distribution grid) in Wildpoldsried shows that there are additional ways and approaches for a
secure supply of electricity from renewable energy sources: the Smart Grids. Key components are a
self-organizing power automation system and measurement technology that permits an assessment
of the system state and regulatory intervention. Furthermore, the Allgäu offers interesting sites for
pumped storage power plants for balancing energy. In a detailed feasibility study, three areas have
been filtered out from over 20 possible areas, which are suitable for a pumped storage facility in the
order of about 60-80 MW. Appropriate environmental impact studies are in progress. Initial discus6
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sions were held with the surface owners. The implementation of pumped storage plants for providing
the balancing energy is contrary to the current market model and the general energy industrial conditions.
For all projects, the local added value and the involvement of citizens play an important role. In Allgäu
region, there are already appropriate tools to engage citizens. For example, in autumn 2011 AÜW
initialized and realized a photovoltaic park in Kempten with civic involvement. With this model it was
possible to integrate the Allgäu population as partners and stakeholders in the energy revolution and
thus to achieve the best possible social acceptance. More projects will follow.
To cope with the energy transition successfully there is no "one solution". Instead, a variety of solutions must be found.
-

-

-

well-balanced equilibrium between climate and landscape protection
energy revolution means systemic change; renewable generation is not able to provide baseload power
energy policy must be supported regionally
singularly solar and wind energy will not produce sufficient electrical energy
Not only regional production units are necessary. It is rather useful and economically acceptable to use all the possibilities of regional balancing between production and consumption.
In addition to the construction of new generating capacity, the possible options for the future
security of supply are flexibility in production and consumption, the network expansion and
storage.
Technically, all options are feasible, but crucial for the realisation are on the one hand the
economies and on the other hand the social acceptance of the proposed projects.
For economic aspects the following prioritization is required:
o 1 generation and load management (flexible power plants and flexible consumer)
o 2 energy transfer / transport (development of distribution and transmission network)
o 3 storages (short time - days, long time - seasonal)

All this can be implemented more efficient and coordinated at regional level - providing the necessary
involvement of the population.
To successfully address the ‘energy future’ and realise and implement a long term change of the actual system it is necessary that we explain to the people in detail why the energy change is necessary
and that it will lead to changes which can only be managed jointly. Many stakeholders have to work
together to provide also in the future attractive and liveable regions in the Alps.
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The Pilot Region
The Allgäu region is a landscape region in the southern part of Bavarian administrative region
Swabia (German: Schwaben); in addition there are parts in the extreme southeastern of BadenWürttemberg which are assigned to the region, as well as some parts belonging to Austria border areas. The area of the regional development agency “Allgäu GmbH” includes 4 counties and
3 towns that are not associated with a county (cp. Table 1; Figure 1); located in the Bavarian
administrative district Swabia:
County
Oberallgäu
1.528,02 km²
Inhabitants: 149.946

City
Kempten
40,03 km²
Inhabitants: 62.240

County
Unterallgäu
1.230,09 km²
Inhabitants: 135.736

City
Memmingen
63,28 km²
Inhabitants: 41.030

County
Ostallgäu
1.394,95 km²
Inhabitants: 133.979

City
Kaufbeuren
70,14 km²
Inhabitants: 41.745

County
Lindau
323,44 km²
Inhabitants: 79.895
Table 1: Region Allgäu – area of Allgäu GmbH: counties and towns that are not associated with a county;
AlpStore investigation area (yellow)
[source: Bayerisches Landesamt für Statistik und Datenverarbeitung; status 2012]
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For the AlpStore Project the investigation area was defined on the county Oberallgäu and the
town Kempten (cp. Figure 2). In the following this document will be limited to this investigation
area.
Tourism is an economic factor whose importance has increased steadily in recent decades. Another economic factor is agriculture, of which today the grassland management with milk production represents the main share. In the course of industrialization, in the second half of the
19th Century, the textile processing industry developed. It lost importance at the end of the
20th Century. Unlike the textile industry the mechanical engineering plays an important role today. In some places developed special crafts, such as the lute and violin manufaturing in Füssen
(Ostallgäu) or milliners in Lindenberg (Lindau).
At present, economy is dominated by small and media enterprises (sme`s) in different industries
and some large companies in engineering, electrical engineering and food processing.
E.g. there are companies to name like Fendt in Marktoberdorf (Ostallgäu), Bosch in Blaichach
(Oberallgäu) and VOITH Turbo in Sonthofen (Oberallgäu).

Figure 1: Map of the region Allgäu: 4 counties (Oberallgäu, Unterallgäu, Ostallgäu, Lindau) and 3 cities
(Kempten, Memmingen, Kaufbeuren) [Source: Allgäu GmbH]
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For the pilot region in AlpStore project the county “Oberallgäu” and the city “Kempten” define
the boundary of the investigation area.

Figure 2: Map of the AlpStore investigation area: the county of Oberallgäu and the city of Kempten [Source:
Allgäu GmbH]

Form administration side 29 communities are part of the investigation area Oberallgäu/Kempten
(cp. Table 2).
 Key data for the region
Area:
Inhabitants:

1.568 km²
212.186

(Oberallgäu 1.528,02 km²;
(Oberallgäu 149.946;

Kempten 40,03 km²)
Kempten 62.240)

Looking back in the past, a significant increase of the number of inhabitants is remarkable. Between 1939 and 1950 the population of the Oberallgäu enlarged by 39% (cp. Figure 4). After a
slight decline in population to 1961, the population increased again by 41% to 2011 and is located in 2011 at almost 150,000 inhabitants. The energy policy relevance of this development
shows itself in the building boom in this phase: the existing not renovated buildings have the
highest energy consumption.
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Figure 3: Population development of the district Oberallgäu between 1840 and 2011 [source: BlfSD 2011]

Figure 4: Development of the inhabitants in the pilot region (Oberallgäu) between 2004 and 2011 [source:
BLfSD 2011]

Particularly important for the future energy policy of the county is the age structure. Here, the
district Oberallgäu has a rather unfavorable development. Today, with 62.600 persons (42%),
the groups of the over 50-year and over 65-year old persons are the biggest part of the inhabitants. The trend is increasing rapidly here. For this group, which often lives in their own homes,
in many cases an energy-efficient renovation of their buildings does not come to the question.
 Existing energy and climate activities, plans (e. g. SEAP) etc.:
Council decision (German: Kreistagsbeschluss) 2011:
The district council Oberallgäu expressed on 15.07.2011 with its energy-change-decision, to
cover 70% of electricity consumption by with renewable energy sources in the region until 2022.
In addition, the county Oberallgäu takes the responsibility to actively contribute to energy conservation, development of renewable energies and to advance energy efficiency. The county
11
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supports an expansion of renewable energies, compatible with the concerns of people, nature,
agriculture and tourism with the greatest possible added value for the region. By means of citizen participation, acceptance and responsibility for renewable energy production in the region
should be strengthened.
Climate protection plans
Numerous municipalities in the Allgäu are working on sustainable energy action plans and climate protection plans. Some municipalities established climate protection as an on-going process, using the european energy award eea©.
Municipality

European energy
award eea ©

climate protection
plans

energy coach

X
X

Markt Altusried
Markt Bad Hindelang
Gemeinde Balderschwang

X

Gemeinde Betzigau

X

Gemeinde Blaichach
Gemeinde Bolsterlang
Markt Buchenberg

X

X
X

Gemeinde Burgberg

X

Markt Dietmannsried

X
X
X
X
X

Gemeinde Durach
Gemeinde Fischen
Gemeinde Haldenwang
Stadt Immenstadt
Stadt Kempten

X

X
X

Gemeinde Lauben
Gemeinde Missen-Wilhams
Gemeinde Obermaiselstein

X

Markt Oberstaufen
Markt Oberstdorf

X

Gemeinde Ofterschwang

X

Gemeinde Oy-Mittelberg
Gemeinde Rettenberg
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Stadt Sonthofen

X

X
X

Markt Sulzberg
Gemeinde Waltenhofen

X
X

Markt Weitnau
Markt Wertach

X
X

Markt Wiggensbach

X
Gemeinde Wildpoldsried
Table 2: investigation area Oberallgäu/Kempten: administration communities including climate protection
activities
Climate protection plan Oberallgäu:
Since 2011, the county Oberallgäu works together with 14 municipalities belonging to local authorities in collaboration with the Energy and Environmental Center Allgäu (eza!) to develop a
sustainable energy action and climate protection plan for the whole county. In this context, energy and CO2 footprints for the communities and the entire county were prepared, containing
vital data from the year 2000. This data is combined and recorded for strategic and politically
important energy decisions
By this, a leading image should be created, that can show not only the policy but also the citizens and the companies in which areas potential for energy savings still exists. With the climate
change action plan a base should be created that captures the current status and identifies
more opportunities for actions and measures.
The “Energy coach” (German: Energiecoach):
The initial consultation of local communities and the demonstration of possibilities for active
participation in the implementation of the energy transition is the goal of the "Energy Coach".
This initiative is supported by the Government of Swabia.
Twelve municipalities selected by the government of Swabia, have already been coached by
eza!. The initial consultation is leading the way to energy efficiency in the community and shows
the first energy policy steps in the right direction. The focus is on citizens participation and municipal properties.
The energy coaching includes the initial contact with the local government, a short check on data collection in the community, an inspection of selected municipal buildings, a kick-off meeting
of the local government and other key stakeholders, the preparation of an action plan, and documentation of results. A final report in the local council is the completion of this energy consulting.
Energiezukunft Allgäu:
With the project "energy future Allgaeu" the activities of many innovative actors in the Allgäu
are linked together and highlights are made visible. In the first phase of the project, data on energy supply and energy use are collected. The potential for saving and efficient use of energy
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and renewable energies are analyzed. On this basis, goals for the Allgäu are developed - with
broad participation of the population and various stakeholders from politics and business - and
specific projects for implementation have to be decided. Energiezukunft Allgäu is co-funded by
the Interreg IVB funding Central Europe in the framework of the project "Introduction of Regional Energy Concepts".
Not only is the AlpStore investigation area “Oberallgäu and Kempten” part of this project. All activities and data of the whole area from the regional development agency “Allgäu GmbH” (cp.
Table 1) were combined in this project.

Kommunale Energieallianz:
On 22 April 2013, the local energy alliance started with the signatures of the top ten community
representatives of the district council. At this date, a climate hearing was held with around 80
mayors, council members and local representatives. The county Oberallgäu signed along with its
cities and towns, the local energy alliance Oberallgäu. Through a partnership agreement, the
county secures to support the communities in efficient use of energy and the use of renewable
energies. All participating municipalities receive services as i.e. Monitoring of energy consumption for municipal buildings, annual training for the caretakers of all municipal properties, information and exchange events for mayors, information packages for citizens.
As part of the local energy alliance; communities receive support in their community energy policy. In return, the communities agree to appoint a responsible person for energy, to participate
in the offered free training, and to offer energy consulting services for citizens.
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3

Status quo of Energy System
In 2012 about 33% of the electric energy, consumed in the Oberallgäu (incl. Kempten), was produced from renewable sources. The comparison of energy consumption and regenerative energy production is illustrated in the following Figure 5.

Figure 5: consumption and regenerative energy production in the investigation area Oberallgäu/Kempten (all
distribution system operators); status 2012 [source: AÜW GmbH]

3.1 Energy Production
The following Table 3 shows an overview of all installed power plants in the investigation area Oberallgäu/Kempten in the year 2012 including number of plants, produced energy in the year 2012 and
percentage of energy production in comparison to the total consumption in the investigation area.

water
wind
photovoltaic
biomass
sewage gas
natural gas

installed capacity
[kW]

number

produced energy
[kWh]

percentage in total
consumption [%]

44.302
18.905
137.107
10.612
374
3.824

104
12
7.325
54
1
127

167.082.253
21.779.364
128.636.281
50.434.045
18.002.731
8.381.164

14,2%
1,8%
10,9%
4,3%
1,5%
0,7%

Table 3: Overview - installed power plants in the investigation area Oberallgäu/Kempten 2012 [source: AÜW
GmbH]

Almost every time the Oberallgäu region is importing energy; there is no conventional base load
power plant in the area. The regional produced base load is provided by hydropower plants. In the
15
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entire investigation area, there is one conventional power station, there is a peak load power plant
(gas turbine, combined with a diesel generator, in Sulzberg-Au).
Responsible for the security and stability of the German energy supply system in the Allgäu region is
the transmission system operator (TSO) Amprion. Amprion must ensure the national electricity exchange on their lines smoothly and ensure that production and consumption are in balance at all
times.
The challenge for the region (and the regional distribution grid operator) is the increasing amount of
fluctuating energy sources – especially photovoltaic plants. The strong increase of the number (cp.
Figure 6) and the installed capacity (cp. Figure 7) does not result in production at any time (cp. Figure
8). The figures show that the majority of the production furthermore will be provided by water power plants (43%) – although 98% of the number of plants and 65% of the installed capacity is already
provided by photovoltaic systems. Photovoltaic systems produce “only” 33% of the total renewable
electricity generation, as can be seen in the following figures.

Figure 6: percentages of the number of regenerative energy plants in the investigation area Oberallgäu and
Kempten (2012) [source: AÜW GmbH]
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Figure 7: percentages of the installed capacity of regenerative energy plants in the investigation area Oberallgäu and Kempten (2012) [source: AÜW GmbH]

Figure 8: percentages of the produced energy by regenerative energy plants in the investigation area Oberallgäu and Kempten (2012) [source: AÜW GmbH]
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Responsible for the grid expansion is the respective distribution grid operator. There are 7 distribution grid operators in the area of AlpStore pilot region Oberallgäu/Kempten. Predominant is the Allgäu Netz GmbH & Co. KG (short: AllgäuNetz). All figures above consider these 7 distributors, for the
following consideration mainly the database from AllgäuNetz will be the fundament. Especially for
the dimension of the AlpStore investigation area the service area of AllgäuNetz could be taken synonymously. The AllgäuNetz GmbH & Co. KG is a combination of regional utility companies in the Allgäu and has been launched in 2005. The main tasks are the operation, the maintenance and the expansion of local and regional distribution facilities for conducted energy.
The following Table 4 gives an overview about the essential data of the generation, the transmission
and the current delivery from AllgäuNetz.
voltage

high

habitants in the
service area
geographic area
service area of
AllgäuNetz
overhead lines
cables

medium

medium
/low

low

number

193.479

[km²]

1.635

-

1.399

-

-

[km²]

-

-

-

-

97

[km]

360
25
18

60

742
922
2.210

3.160

848
2.605
137.035

800
194

6
182

571
131

114

[km]

metering points

high/
medium

number

Installed capacity

[MW]

annual peak load

[MW]

165

peak load (feeder
network level)

[MW]

199

-

-

-

-

[MWh]

37.893

234.010

341.796

99.214

492.487

[MWh]

847.622

-

-

-

-

[MWh]

-

109.678

134.806

47.083

104.127

volume of purchased electricity
purchased electricity (feeder network level)
Power input

Table 4: network and structure data AllgäuNetz GmbH (31.12.2012) [Source: AllgäuNetz GmbH & Co. KG]

3.1.1

Conventional Power Plants

There is one conventional power plant in the Pilot region in Sulzberg /Waltenhofen: four diesel
engines are coupled to pairs and drive synchronous generators. At full load, this peak load power
plant has a yield of 11,8 MW. The operating time is only around 300 hours per year. In 1989, a
gas turbine with a capacity of 25 MW was additionally installed and commissioned. The annual
power production of this power station is within the range of 500 – 1.000 MWh per year. This is a
share of 0,5 ‰ of the annual consumption of electric energy of the pilot region.
3.1.2

Renewable Energies
18
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 Hydropower plant:

water

installed capacity
[kW]

number

produced energy
[kWh]

percentage in total
consumption [%]

44.302

104

167.082.253

14,2%

Table 5: renewable energies in the investigation area - overview hydropower plants
[source: AÜW GmbH]

There is a multitude of small plants. The largest hydropower plants, operated by or in cooperation with the utility companies (AÜW, AKW and LEW) are listed in the following chart.

name

year of construction
(modernization)

capacity

Kraftwerk Kempten (Illerstraße)

1901 (1926)

1.906 kW

Kraftwerk Kempten (Keselstraße)

1958 (2010)

2.771 kW

Kraftwerk Kempten (Füssener Str.)

1927 (2011)

476 kW

Kraftwerk Kempten (Felsenwehr)

1851 (2001)

2.880 kW

Kraftwerk Kempten (Drahtzug)

2.700 kW

Kraftwerk Oy-Mittelberg (Haslach)

1960

1.200 kW

Kraftwerk Oberstdorf (Rubi)

1909

136 kW

Kraftwerk Sonthofen (Mühlbach)

1995

207 kW

Kraftwerk Bad Hindelang (Bruck)

1927 (1997)

1.408 kW

Kraftwerk Bad Hindelang (Hinterstein)
Kraftwerk Altusried (Fluhmühle)

1897 (2000)

210 kW
5.000 kW

Kraftwerk Altusried (Altusried)

7.800 kW

Table 6: large hydropower plants in the investigation area - operated by the utility companies
[source: AÜW GmbH]
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 Wind

wind

installed capacity
[kW]

number

produced energy
[kWh]

percentage in total
consumption [%]

18.905

12

21.779.364

1,8%

Table 7: renewable energies in the investigation area - overview wind energy [source: AÜW GmbH]

In the pilot region, there are 12 wind energy plants with a capacity of 18,9 MW installed. In the
service area of the AllgäuNetz, four wind power plants with a nominal power of 4,5 Megawatt
are installed. The annual energy production in 2011 was 5.547 MWh.
At a first glance, the number of wind turbines is perhaps surprisingly low. Only the facilities in
Haldenwang, Wiggensbach and a part to the power plants of Wildpoldsried feed into the power
grid of the AllgäuNetz. The majority of the Wildpoldsried power plants feed into the distribution
grid of the LEW.
 Photovoltaic:

photovoltaic

installed capacity
[kW]

number

produced energy
[kWh]

percentage in total
consumption [%]

137.107

7.325

128.636.281

10,9%

Table 8: renewable energies in the investigation area - overview photovoltaic [source: AÜW GmbH]

By 2012 the number of 7.325 solar power systems with a nominal power of 137,1 Megawatt
have been installed. The annual energy production is around 128.636 MWh. Of this amount,
1.070 MWh are produced from 4 open space solar systems with an installed power of 4,1 MW.
The open space systems are in Sulzberg, Weitnau, Waltenhofen, Wildpoldsried and OyMittelberg. In the 2013 the number of open space solar systems increased and the capacity
grew to 5,4 MW.
 Combined heat and power generation

biomass
sewage gas
natural gas

installed capacity
[kW]

number

produced energy
[kWh]

percentage in total
consumption [%]

10.612
374
3.824

54
1
127

50.434.045
18.002.731
8.381.164

4,3%
1,5%
0,7%

Table 9: renewable energies in the investigation area - overview combined heat and power generation
[source: AÜW GmbH]

The waste incineration plant Kempten consists of two combustion plants with combined heat
and power in the industrial area Ursulasried the city of Kempten. The complete garbage processing plant consists of two plants, a timber and a waste incineration plant. Owners and operators, the purpose for Waste Management Association (ZAK). The CHP with district heating net-
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work supplies the city center with heat. The energy network powered 18.000 households with
electricity and 8.600 households with heat.
The wood heating plant is supplied with wood residues from forestry and industry. The furnace
has a throughput of 7 tons per hour, has a volume of 120 m³ and a combustion temperature of
850 to 1.100 ° C. The steam has a temperature of 380 ° C and a pressure of 25 bar. The turbine
has a rotational speed of 12,500 rpm and provides 2,600 kW. The plant was put into operation
in 1998. The waste incinerator was commissioned in 1975. From 1994 to 1996 modernized for
approximately € 85 million. Recycled garbage, bulky and commercial wastes is used, from the
district of Lindau, the Oberallgäu, Kempten and currently also part of the waste from the districts Ravensburg and Ostallgäu. The electric generator converts the energy in 7,2 megawatts of
electrical power. Per year there is generated an energy amount of 36 GWhel. The waste heat is,
as for wood heating plant, used in the district heating network.
The pipe network extends 36 km below the town and conducts heat from the industrial and
commercial area in the city center to the city of Kempten. Mainly urban buildings as the university or the vocational training center are supplied with district heat. If the thermal energy of incinerators is not sufficient, especially in the winter, the "peak load heating system", a cogeneration unit, burning oil, is switched on. It has a heat output of 45 megawatts. On average, this
plant is 1.800 hours a year in use. [Source: Wikipedia]

3.2

Energy Consumption

8.000.000

Endenergie [MWh]
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Verkehr

Haushalte

Figure 9: final energy consumption by consumer groups
traffic (yellow); households (blue); enterprises (red) [source: eza!]
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In 2011, the households (blue) enterprises (red) and traffic (yellow) in the pilot region Oberallgäu consumed 6.574.918,5 MWh of end energy. In the graph in Figure 9 end energy includes
heat – from fossil fuels, renewable energies and biomass – and electric energy.
Percentage breakdown of end energy divided by consumer groups (2011)

Verkehr
31%

Wirtschaft
44%

Haushalte
25%

Figure 10: percentages of sectors in final energy consumption:
traffic (yellow); households (blue); enterprises (red) [source: eza!]

In 2011 6,5 TWh are shared into 31% for the traffic, 44% for the economy and 25% for the
households as it can be seen in Figure 10.
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Figure 11: final energy consumption (excluding traffic) by energy sources [source: eza!]

Excluding traffic, in 2011 around 4,6 TWh energy (heat and electricity) was consumed in the pilot region. The share of electric energy (blue) is 26% - around 1.2 TWh was consumed in 2011.
The remaining 74% was heat consumption, mainly divided into three parts: a share of 28% for
oil, 28% for natural gas and 12% for firewood. LPG, solar heat, heat from waste and coal play a
subordinate role.
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Figure 12: electric energy consumption by consumer groups [source: eza!]

In 2011 around 1,2 TWh of electric energy was consumed in the pilot region. The main share is
consumed by the economy: 58% from industry and 16% from SME`s. Households consume a
share of 24%. Heating with electricity has a share of 2%.
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3.2.1

Business clients
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Figure 13: heat energy consumption in the sector “business clients” by energy sources [source: eza!]

The final energy consumption of business clients is dominated by oil and natural gas. Firewood plays a minor role. The overall consumption of business clients in 2011 was 1,99 TWh.
3.2.2

Private consumers and small-scale business clients
1.600.000
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Figure 14: heat energy consumption in the sector “private consumers and small-scale business” by energy
sources [source: eza!]

In private households, heat is mainly generated by oil and natural gas and firewood. The share
of natural gas increased over the last years.
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3.3

Energy Transmission and Distribution

3.3.1 Power grid
Responsible for the security and stability of the German energy supply system in the Allgäu region
is the transmission system operator (TSO) Amprion. Amprion must ensure the national electricity
exchange on their lines smoothly and ensure that production and consumption are in balance at
all times.
Responsible for the grid expansion is the respective distribution grid operator. As mentioned
above, there are 7 distribution grid operators in the area of AlpStore pilot region Oberallgäu/Kempten. The pilot region is predominantly located in the service area of the distribution
grid operator Allgäu Netz GmbH & Co. KG (short: AllgäuNetz).
The supply with electrical energy in the grid of the AllgäuNetz happens via the voltage level of the
high voltage 110 kV, the middle voltage 20 kV and the low voltage 0,4 kV. For the supply in urban
areas as also in rural areas the middle voltage level of 20 kV is used.
The 110 kV high voltage grid of the AllgäuNetz is connected with the high voltage transmission
grid of the Lechwerke AG (LEW) and is fed out of the 220/110 kV substations of Kempten Au and
Rauhenzell. The part of external procurement compared to the complete current delivery has
been around 79,1 % in the year 2008. The part of the remaining 20,9 % has been feed in during
this period with renewable energies as well as with thermal power stations.

3.3.2

Metering points

voltage

high

high/medium

medium

medium/low

low

number

18

60

2.210

3.160

137.035

Table 10: Metering Points AllgäuNetz GmbH & Co. KG
[Source: Netz- und Strukturdaten der AllgäuNetz GmbH & Co. KG; 31.12.2012]

3.3.3 (Smart) grid issues and development status
The 110-kV transmission grid is operating as a meshed network with star point grounding via arcsuppression coils. The grid connects 16 substations 110/20 kV. The grid consists of 24 110 kV
overhead line circuits, of two mixed circuits consisting of overhead lines and cables and in addition of 4 cables 110 kV. The length of the 110 kV overhead lines in the grid is about 412 km and
the length of the 110 kV cables is about 25 km.
New grid topology – Planning Stage 2009
A new concept has been developed to supply the 110 kV grid by the existing 380 kV transmission
network. According to this concept a change of the feed-in from the 220 kV level to the 380 kV
level is planned for the near future. The backup supply will continue to be supplied by the 110 kV
level. As the first step in the year 2015 it is planned to replace the 220/110 kV transformer in sub25
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station Kempten Au with a new construction of the 380/110 kV substation Leupolz. The complete
supply of the 380 kV grid will be probably given in the year 2020.
SmartGrid issues
Additionally there are a lot of activities to get more information about smart grid issues in the investigation area. 2008 – 2011 there was tested a pilot project “Virtual Power System Allgäu” in
the frame of AlpEnergy project, also funded by the Alpine Space Program. Based of these experiences there was initialized a SmartGrid-Project “IRENE” (Integration of regenerative energy and
electric mobility in the distribution grid), funded by the German Federal Ministry of Economics
and Technology.
Faced with the above mentioned new challenges in the rural area a medium-voltage and some
low-voltage networks have been equipped in IRENE project with high-resolution measurement
and control technologies. Centrally controlled charging experiments with electric vehicles could
demonstrate the potential of electric mobility to balance generation peaks from the photovoltaic
generation with the aim of contributing to keeping the voltage within required voltage level.
As an additional possibility for influencing the voltage on low voltage level, controllable distribution transformers have been identified a several control strategies applied in field test are evaluated. The assessment of the strategies will be carried out using a three-phase load flow model
which will be used as control path for examinations with asymmetric loads.
IRENE Project approach





installation of a measurement and control systems
use data to control load and generation
manage electric vehicles and a „big“ stationary battery for storage
integrate a controllable distribution transformer

IRENE project results 2013






only a few measurement points are required to operate the grid
insights are very valuable for knowledge based grid planning
reduction of necessary investment for the distribution grids (CAPEX)
1 mio. electric vehicles can be integrated into the distribution grid; their contribution
as a storage for load shifting is rather small
up to 40 percent of the investments to integrate new distributed generation units can be
saved by optimizing the design criteria in the network planning

Based on the experiences in IRENE project in June 2013 there was founded the new company
“eGrid applications & consulting GmbH”. eGrid was founded to turn the knowledge into service
as is shown in following Figure 15.
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Figure 15: services of new funded company “egrid applications and consulting GmbH”
[source: egrid applications and consulting GmbH]

With the establishment of "eGrid applications & consulting GmbH" AÜW and Siemens offers a new
service, which helps to realize the network expansion with minimal cost and maximum integration of
locally produced energy.

3.4

Energy Storage

 Units in operation and planned, market availability
 Pump storage (regional in Alpine Space)
As a result of a feasibility study of the AÜW, in two particular areas were identified for pump
storage plants. In Rettenberg and near the existing lake „Rottachspeicher“ a capacity of 60 –
100 MW per site seems to possible. Each pump storage could provide power for 4 – 6 hours,
this gives an amount of 240 – 600 MWh. All in all a yield of 480 – 1.200 MWh per operation.
The plan is to start the realization 2018 and commissioning is scheduled for 2020/2021.


Thermal energy storage systems – Low temperature
In Kempten, the operator of the waste incineration plant – the Waste Management Association (ZAK) – is installing heat storage in addition to the district heat. There will be 2 storage
tanks with 240 cubic meters each. In the volume of 480 m³, the amount of 33 Megawatt
hours [MWh] can be stored and used for balancing the district heating network. In the winter, while energy need goes down in the night time, energy is buffered. In the morning, when
energy demand is high, due to heating demand from residential houses or process heat from
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industry, the stored energy is used to cover the peak load. The energy stored in the buffers
provides thermal energy for 3-4 hours. With this system, the use of gas and oil is avoided.

Figure 16: [source ZAK Energie GmbH]



Power to heat
The Waste Management Association (ZAK) is investigation the possibilities to provide a secondary reserve with the waste incineration plant in Kempten Ursulasried. The plant provides
heat for a district heating system in Kempten and will be equipped with a thermal storage (2
x 240m³). In this system, a continuous-flow water heater with a load of 5 MW can provide
control energy. The capacity of the waste incineration plant – combined heat and power
generation – is 30 Megawatt. The peak load is covered by 4 heating systems. They are operated with oil and gas. The control energy in the secondary reserve is generated with electricity and stored directly into the district heat systems or, into the new installed buffers.



Mobile batteries (electric vehicles)
There are some projects in Allgäu region dealing with electric mobility. Since the project “eETour Allgäu” (2009-2011) there is a charging infrastructure available with app. 14 public
charging stations. eE-Tour Allgäu also brought the first electric vehicles in the region. Meanwhile there is a registration of nearly 60 cars in Allgäu region (status 31.12.2012).
In the project IRENE there were conducted charging tests with almost 40 vehicles in a local
network (comparable with the German vision to have 1.000.000 electric vehicles in Germany
in the year 2020). It was tested on the one hand the time of "uncontrolled" charging for simultaneity with production from renewable sources and on the other hand the effects of controlled charging processes. Actually the results are evaluated.
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The “project econnect Germany” links the electric mobility regions and their experiences in
Germany. In Allgäu region within the project econnect offers will be elaborated targeted to
integrate e-mobility into the transport systems of the Allgäu region. It is being developed a
commercial, municipal, private and touristic networked approach for intermodal mobility
concepts in rural areas. In addition a SmartFacility building should be implemented. A software should control intelligent a PV system (with internal consumption), a stationary battery,
a charging station with connections for several electric cars and various devices on the example of a student dormitory.



Stationary batteries
In Wildpoldsried, a stationary battery system was installed by the end of September 2012 in
the frame of IRENE project. The battery is a lithium battery with a capacity of 138 kilowatthours with 300 kW power. The dimensioning was optimized to the power and the load of the
grid in this area. Initial results show that centrally-distributed energy storages on the local
network station are more useful than many decentralized storages in private homes (from
the point of network support and grid stabilization).
Within the project IRENE there will be examined the controllability of the network in terms of
voltage stability and power compensation through the strategic use of active and reactive
power by characteristic measurements of a plurality of nodes. In this connection, various
concepts of connecting the storage in the low voltage grid were analyzed and thus the ideal
fields for such storage, as well as the feed through a local power transformer into the medium-voltage network are considered. First measurements and studies show that the economic
success of the storage depends mainly on the operating behavior, the self-consumption of
the battery and of the life-expectancy from the Lithium-ion battery. The aim is to complete
mathematical modeling of the memory in consideration of the dynamic behavior, so that the
integration in the network may be analyzed and optimized by simulations. Furthermore, it is
shown and optimized in the course of the investigation, the relief effect of a memory in dependence of the storage volume.
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4

Future Energy System

In addition to the accounting of energy consumption and CO2 emissions, an estimation of potentials
for the county Oberallgäu was made. In this, the following was examined:
 to what extent and in which fields consumer groups can save energy and
 in what extent renewable energies can be produced
This potential assessment provides both information; information on the potential which by 2011
were already used in the district and on the potential that is feasible. It was distinguished by theoretical, technical, economical and feasible potentials. The theoretical potential describes the best possibilities of energy savings respectively the overall potential for renewable energies in the pilot region.
Not concerning, the economic or financial aspects to make use of them. The “expectations of potential” show the amount that can be used within a certain timeframe.
In the following, the technical potential for the district Oberallgäu is estimated. This is relevant for a
medium-term energy planning. The estimation shows, which options we have in the field of energyefficiency and production of renewable energies. On the other hand, die economic feasibility of the
technical potential is depending on many factors like energy prices, fostering and political framework. So the question about the thrift of a measure can only be discussed at the certain point of investment.
energy consumption
2011 [MWh]
electric energy
households
economy
total electric energy
heat energy
households
economy
total heat energy
traffic energy
fuel passenger
fuel cargo
total traffic energy
Total

saving potential
[MWh]

saving potential
[%]

224.832
546.293
771.126

89.933
136.573
226.506

40 %
25 %
29 %

1.013.175
1.423.408
2.436.583

572.517
355.852
928.369

57 %
25 %
38 %

860.133
629.095
1.489.227
4.696.936

323.144

38 %

323.144
1.478.019

22 %
31 %

Table 11: energy saving potentials in the district Oberallgäu (excl. Kempten) until 2020 [source: eza!]

If all the technical potential from the sectors electric energy, heat consumption and traffic (excl. Emobility) are used, in the district Oberallgäu (excl. Kempten) there is a total savings potential of 31%
(based on the year 2011). The highest potential is in the sector of heat: savings of 38% are possible.
In the sector electric energy, 29% can be saved an in the sector traffic/mobility the consumption can
be reduced by 22%.
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Figure 17: final energy consumption – comparison 2011 and 2020 (realizing the entire saving potential); traffic (yellow); heat energy (red); electric energy (blue) [source: eza!]

Potential for production of renewable energies
Besides the potentials for savings, the potentials for the production of renewable energies in the
district Oberallgäu (excl. Kempten) were determinate.
renewable
energy source
photovoltaic
wind energy
water energy
biomass
solar thermal energy
geothermal energy
wood
Total

energy production
2011 [MWh]

potential of energy
production [MWh]

degree of
utilization [%]

extent of
increase [%]

685.915
879.345
128.333
309.814
104.387
149.639
415.697
2.673.131

14%
3%
70%
26%
29%
11%
75%
25%

596%
2.981%
42%
287%
243%
824%
33%
31 %

98.491
28.537
90.119
80.086
30.420
16.194
311.773
655.620

Table 12: energy production potentials in the district Oberallgäu (excl. Kempten) until 2020 [source: eza!]

The following Figure 18 shows the technical potential and use of renewable energies in the sector
heat in the district Oberallgäu (basis 2011). The heat generation from renewable sources was
411.668 MWh in the year 2011. There is a potential of 422.636 MWh per year for the future. The
largest shares are held by geothermal energy and the use of biomass. Wood, as a source for renewable heat production, is already used in a large scale. There still a potential of ~100.000 MWh per
year. Solar thermal energy still has a potential of 74.000 MWh per year.
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Figure 18: heat energy consumption – comparison status 2011 and potential by energy sources (district
Oberallgäu); [source: eza!]

The actual production of electric energy from renewable sources in the district Oberallgäu in the year
2011 was around 243.952 MWh/a, which is equivalent of about 31.6% of the consumption.
The actually existing potentials in the production of electric energy are especially located in the sectors photovoltaic and wind-power (cp. Figure 19). Actually, only 3% of the potential of wind power is
already used. There is a huge potential of over 850.000 MWh per year. Although a large number of
photovoltaic systems are already installed in the pilot region, the potential is still huge. If the technical potential will be opened, over 685.000 MWh per year of renewable electric energy can be produced with PV-systems. A small potential is in the sector of the use of biomass in combines heat and
power plants. If the total potential for the production of renewable energies is used, the district
Oberallgäu can produce by far more electric energy than it is consuming. Note: This amount of energy is produced and consumed throughout an entire year. The time of production and the cooccurring production and consumption were not considered.
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Figure 19: electric energy consumption – comparison status 2011 and potential by energy sources (district
Oberallgäu); [source: eza!]
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Figure 20: electric energy consumption – comparison status 2011 and potential, summary of all energy
sources (district Oberallgäu); [source: eza!]
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4.1

Regional Energy Production

4.1.1 Conventional Power Plants
There are no plans for other conventional power plants in the pilot region.
4.1.2

Renewable Energies

 Water
The energetic use of hydropower plays a relatively minor role in the district of Oberallgäu. The
existing hydropower plants produced 167.082 MWh in the year 2012. A potential for new facilities exists only in a few cases because of current legal framework and water management regulations. By optimization/repowering of existing hydropower plants, the yields of small facilities
(<50 kW) can be improved by approximately 25%. For facilities with a capacity of over 50 kW the
improvement can be approximately around 10%.
The potential for energy production of electric energy in the district is 2.357 MWh per year. The
small hydropower plants produce a share of 58 MWh per year.
Currently there are two hydroelectric power plants in the actual planning, one in KemptenKaufbeurer Str. and another power plant in Sulzberg-Au (Oberallgäu).
 Wind
Regional plans regulate contents and spatial requirements for the 18 Bavarian regions. The regional plan nr. 16 (Allgäu) shows priority and restricted areas for wind turbines. The regional
plan shall serve as a planning guide. Actually the regional plan will be revised in response to the
adopted energy policy and the energy concept in Bavaria. The strategic environmental assessment of the so called “search spaces” (priority areas of wind energy use) is not yet completed;
the economically and politically realizable potential for energy production from wind turbines
can still change.
For the realization of further wind energy plants currently many "hurdles" built that need to be
overcome. Different aspects have to be considered. For example there is a 15 km radius of protection to the omni-directional radio beacon in Kempten; the objectives of the peatland alliance
(to protect the peatlands) have to be considered as far as the protection of rare animals (e.g. the
red kite), etc. Important: In order to achieve the 2022 vision (cp. 7.1.1) of the region however,
the construction of 40 more wind turbines is necessary. Elsewise this goal is unavailable.
Taking into account the technical potential in the district Oberallgäu 850.808 MWh per year
would be possible. In the year 2012, 21.779 MWh were produced with wind turbines, so the remaining potential is 821 GWh per year for the pilot region.
As a reference for the estimation of the potential, a certain type of wind turbine was used: the
Enercon E82 with a power of 3 MW. As a basis for the estimation, the prevalence of the wind
speed, the height and the power curve of the reference plant was used. The basis for the wind
speed was a statistic model from the dwd (Deutscher Wetterdienst) and the topography of the
selected area. The calculation of the technical potential results on the wind conditions and the
surface relief of the area - regardless of the political will of the community. It is taking into account the clearance distances to town, main roads and protected areas as well as the distance
between wind turbines and access possibilities.
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 Photovoltaic:
For the determination of the potential of the photovoltaic, the usable roof area has to be identified. The basis is the local statistics that shows the building- and open-space area of the municipalities. Depending on the building density it can be determined which part of the surface area
can be used for the production of electric energy with photovoltaic systems. The remaining potential for photovoltaic is specified by the roof area - deducted by the area already used. The estimation does not take into account shadings caused by the topography. Furthermore there are
reductions caused by specific types of roofing.
Exact data can be generated by a detailed analysis with data collected by a flight over the pilot region. The AÜW already has detailed information available in the so called “Solarkataster”, a cadastral map for solar potential on roof areas. In the framework of IRENE project there has been a picture flight in the service area; within 100 flight lines there was made aerial stereo photos (true orthophotos) in the region (longitudinal coverage 80%, horizontal coverage 65%). This picture data
were intersected with digital cadastral maps. For the people in the region it is possible by using an
online tool to calculate the income data for the use of its own roof (thermal as well as photovoltaic). For the grid operator the Solarkataster serves as the basis for a knowledge-based network
analysis. It’s possible to upgrade design criteria for future networks or to make type-specific planning available for settlement categories. Also it is enable to increase the transparency of the network and the identification of weaknesses. [https://www.auew.de/index.php?plink=onlinesolarkataster-allgaeu]
For the estimation in Figure 21, the following parameters (basis: 2011) were taken into account:






Surface area of buildings and open spaces [m²]
Number of buildings
Floor area in residential and non-residential buildings
Collector surface of solar thermal systems
Installed PV-capacity and annual yield

Taking the suitable surface area of the roofs into account, the yield is calculated with a specific
output of 90 kWh per m². For 1 kWpeak an area of 10m² is assumed. This is a rather conservative
approach but the growing trend is to use east/west-orientated or low inclined roofs for the production of energy.
In a first step, from the free and potentially usable roof surface, the share of the area is subtracted that is used for the production of domestic hot water and heating support. This gives the surface roof area usable for photovoltaic systems: 6.985.932 m². In the year 2011, from this
1.012.192 m² were already used and 5.973.741 m² were remaining. With an average output of
90 kWh/m²*a, this is a potential of 537.637 MWh per year. Including the potentials of open space
systems (beside highways and railroad tracks) of 49.788 MWh/a, the total potential for the production of electric energy is 587.425 MWh per year.
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Figure 21: final energy consumption - summary status 2011 and potential photovoltaic [source: eza!]

 Combined heat and power generation:
Biogas plants produce heat an electric energy from agricultural substrates, such as green waste,
food waste, energy crops and manures. For the calculation of the potential, the surface area
used for agriculture, the actual situation of the cultivation and the livestock is considered. Besides this, already installed facilities are taken into account. The calculation itself is based on
typical benchmarks.
Through the great share of grassland and the number of livestock units (approx. 86.863 cattle,
from this 41.716 dairy cows), the highest potential in the pilot region is in the use of manures.
An annual electric energy production of 118.428 MWh is potentially possible. This is based on
the current situation of the fostering by the EEG 2012: small units with a maximum of 75 kW and
a minimum share of 80% of manures.
In Bavaria, approximately 15 % of the land of agricultural use is used for the cultivation of energy crops. The capacity of all 2.370 biogas plants in Bavaria is 674 MW.
In the Allgäu 185 biogas plants already exist. From this number, 78 are in the district Unterallgäu, 76 in the district Ostallgäu and only 31 in the districts Oberallgäu and Lindau. They produce the amount of 274.000 MWh – enough to provide electric energy for 70.000 households.
The heat potential of these facilities could be used in an optimized way. The theoretical potential is roughly estimated with 200.000 MWh.

36

Region Oberallgäu:
Status Quo and Masterplan

4.2
4.2.1

Regional Energy Consumption
Business clients

 Definition business clients: “large-scale business” clients:
o energy consumption > 100.000 kWh/a
o reading load response measurement (15-minutes values)
o monthly invoice
 Savings in consumption and increase of energy efficiency through the introduction of energy
management systems according to DIN 16247 and/or DIN EN ISO 50001. The general legal and
energy economics framework in Germany establishes incentives that make an energy management system even more interesting.
o surplus settlements in electricity and energy taxes
o EEG-equation-settlement for business clients with high energy consumption; more
than 1 GWh/a (reduction in the levy for renewable energy, which will be due for
each kWh of electricity in Germany; 2013: 5,277 ct/kWh)
4.2.2

Private consumers and small-scale business clients

 Definition “small-scale business” clients:
o energy consumption < 100.000 kWh/a
o the meter reading is done once a year => yearly invoice
o consumption amount is balanced according to the standard load profile
 Small-scale businesses offer potential for load shifting as the project AlpEnergy also examined.
This potential should be further investigated and business models for this are analyzed.
 The specific load profile is going to change in future due to the possibility of self-consumption of
energy from PV-systems. Through the decrease of the feed-in tariffs, self-consumption is more
and more attractive for the consumers. Grid-parity is achieved, the costs for self-generated energy is lower than the costs for energy from the utility company. The AlpEnergy project investigated, if significant shifts of load or consumption are possible:
 Implemented saving measurements lead to a saving of electrical energy of 2-3%.
 The load profiles of pilot customers participating at static pricing model show that use of
electric energy has been shifted to the periods of price incentives. Statistical significance has
been verified by a test. The test results show highly significant results. Looking at the average
load profile of this customer group a considerable increase of consumption can be recognized exactly at beginning of the daily saving periods.
 Customers who participated at the dynamic pricing incentive model reached a small load
shifting of 1%.
 The results of the inquiry prove that the given credits provide an incentive for a timely shifting of customer’s energy consumption.
 Overall pilot customers evaluated the implemented measurements to increase the transparency positive. A monthly information letter, a web portal and a monthly invoice led to an increased awareness in dealing with electric energy and helped to save energy.
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Although an academic evaluation of the load shifting was not possible due to lack of consistent data experiences regarding an automated use of dynamic prices were gained with the
implementation of smart home components in 30 pilot households.

Overall the positive customer’s feedback affirms that the development of products for implementation of high percentage of renewable energy production is supported by the customers. The results
show that customer information about these new topics is highly important. Due to the low saving
potentials future smart meter products should not be justified merely by saving potentials, rather
than by advantages like e.g. the increase of energy efficiency, environmentally conscious behaviour,
transparent consumption or the possibility to monitor the feed in of photovoltaic plants. To benefit
from the available data of the project, continuative studies could e.g. deal with clustering of smart
meter data. The results of cluster analysis can be used for customer specific marketing and sales
models. The analyses of this thesis are restricted to the first half-year of 2011. For this reason a final
evaluation after finishing the project is recommended.
For private households there is a fostering for battery systems combined with newly installed pvsystems. After the launch of the fostering program in May, the KfW (Kreditanstalt für Wiederaufbau
= state-owned bank institute) received 541 applications for grants. The loan amount in the first two
months of the program was 10 million €, the average amount borrowed was 18.200 €. (source: Solarthemen 404 vom 18.07.2013)

4.3

Transmission and Distribution Grids

4.3.1

Stressors for the Regional Power Grid

The constant balance of production and consumption of energy plays an important role for the
grid regulation and stability for the power grid itself is not able to store energy. Although a power failure in the local low voltage grid has no impact on the frequency. But in the grid system in
total, the frequency plays an important role as a control parameter. Any imbalance between
production and consumption creates a frequency deviation that has to be balanced by (conventional) power plants. The European grid system UCTE holds ready 3 GW of control energy –
enough to substitute the failure of two nuclear power plants. The power load of the installed
PV-systems actually is more than 4 GW. The EIPA-scenario (EIPA= European Photovoltaic Industry Association) is estimating a power load of 40 GW in the year 2020. The simultaneous shutdown of this power load, e.g. through a defect in the high-voltage grid, can`t be balanced out
with the actually installed control reserve. [Source: SMA]
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In the Allgäu Netz service area, the maximum annual load in 2011 was 238 MW. The capacity of
the already installed PV-systems was 109 MW in 2011 (in May 2013 the installed capacity already increased to 138 MW). Since the introduction of the Renewable Energy Sources Act (EEG)
in Germany in 2000, the installed capacity of renewable energy in the AllgäuNetz area has increased constantly (almost exponentially) as shown in Figure 22. This annex is primarily driven
by photovoltaic. Especially in recent years, the installed capacity of 20 MW of PV in 2006 to almost 140 MW in June 2013 has nearly sevenfold.

installed
capacity [kW]
water
45.923
biomas
9.276
sewage gas
374
wind
4.500
photovoltaic
138.490
sum
198.563
type

Figure 22: development of installed regenerative energies in the service area of AllgäuNetz GmbH & Co. KG
(31.05.2013) [source: AllgäuNetz GmbH & Co. KG]

The impact of this development is illustrated in Figure 23. The back feeding events What that leads
for several years, is shown in graph 1. The number of back feeding events from the AllgäuNetz low
voltage grid into the European grid in the years 2009 - 2013 are shown. The first event was registered
in 2009. At that time it was a legal holiday in early summer; there was a very nice weather, low consumption in the industrial sector. The people considered to be outside. Over a period of several
hours there was more energy produced in the region as was consumed in the region at the same
time. The excess energy was fed into the feeder system. This event we can observe increasingly.
2010 there were 3 events; 2011 there were 21 events; but now this phenomenon is part of the
"normal" everyday life and we have seen it over 50 times in 2012. The time period and the capacity
also increase tremendously.
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Figure 23: number of back feeding events from the AllgäuNetz low voltage grid into the European grid in the
years 2009 - 2013 [source: AllgäuNetz GmbH & Co. KG]

4.3.2

(Smart) Grid Solutions

Based on the energy turnaround in Germany the distribution system operators (DSO) need to
control and steer their grid by implementing smart components in the future.
Distribution system operators are responsible for:
 reliability and security of the power grid
 extension and optimization of grid to cope with renewable feed-in
 non-discriminating grid access (every renewable plant must be integrated)
 cost efficient investment, operation and maintenance
Distribution system operators turn into a service provider:
 grant access to reliable grid and provide data
 energy efficiency services
 load manager (tasks transferred from TSO-level to DSO-level)
The eGrid applications and consulting GmbH (already mentioned in chapter 3.3.3) will support
DSOs to be prepared for the new role in the future energy system:
 centralized grid control will require decentralized grid operation
(e.g. switchable distribution transformers)
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follow-up project to determine the impact of batteries; however, a strong increase in
installed battery capacity is expected only after the funding of renewable energy
generations ends (20 years after installation of a plant)
 „Traditional“ investments into the distribution grid (medium and low voltage) will
sum up to 2-3 billion €/p.a. in Germany - Smart Grid investments (shift from CAPEX
towards OPEX) are more efficient
 Smart Grid investments are limited due to regulation in Germany;
regulation has to end the preference of CAPEX over OPEX
 New market design is required
In addition, research will be continued in the context of innovation projects towards future
Smart Grid Technologies (project IRENE 2.0 in planning) to collect more experience in practice.

41

Region Oberallgäu:
Status Quo and Masterplan

5

Future Energy Storage

In the following diagram Figure 24, the load curve of consumption and production of renewable energies in the year 2011 is described. The graph always shows the 15th day of a month. With this, the
typical trend of the load is represented: from the weekend with a weak consumption with a high
feed-in from photovoltaic-systems in May (15th of May = Sunday) to a foggy and windless working
day in December (15th of December = Thursday). Clearly visible is the base load provided by hydropower plants and from biogas plants. The variation of the production of the hydropower plants is
correlating with the precipitation and snowmelts in spring time. This base load is variable (hydropower: 8 – 34 MW; biomass: 4 – 20 MW) but not very volatile. High peak loads are generated by
photovoltaic. In the summer, the PV-production can be higher than the consumption and creates a
surplus of electric energy in the pilot region (as mentioned above, cp. Figure 23). The theoretical
calculation shows at 31 hours (simulation based on hourly data) that in 2011 the production was
higher than consumption and the energy was transferred into the distribution grid of the
ENBW/LEW. The Oberallgäu can cover 33% of its energy consumption from renewable energies produced itself. In the summer time, the pilot region will export energy at times (cp. Figure 25). In the
winter time, the energy consumption will not be fully covered by its own generating capacity; at no
time (cp. Figure 26).

Energy consumption and production of renewable energies - 2011
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Figure 24: Scenario – present situation: energy consumption and production of renewable energies;
period 1 year (2011) [source eza!]
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Simulation of consumption and production of renewable energies –Winter 2011
January – hourly simulation
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Figure 25: Scenario – present situation: simulation of consumption and production of renewable energies;
period: 1 month in winter season (2011, January); [source eza!]

In this week in January 2011, the amount of 25.928 MWh was consumed in the pilot region. The production of renewable energies was 10.150 MWh. To cover the consumption 15.778 MWh have to be
imported. The regional energy production provides a base load. In this week, the production did not
exceed the consumption. Physically, the energy can be directly used. For the balance sheet, all the
energy was remunerated as “EEG-Strom” and reimported / purchased at the EEX-Strombörse.
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Simulation of consumption and production of renewable energies – summer 2011
July – hourly simulation
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Figure 26: Scenario – present situation: simulation of consumption and production of renewable energies;
period: 1 month in summer season (2011, July); [source eza!]

In this week in July 2011, 21.366 MWh of electric energy was consumed and 10.175 MWh were produced regionally from renewable sources. Nearly 100 % of the production was directly consumed. To
cover the consumption, 11.253 MWh were imported. In six hours (Saturday 13-14h and Sunday 1014 h) the production from renewable energies was higher than the consumption and a surplus of
61,5 MWh was produced.
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Energy balance – production, import, direct consumption and consumption – 2011
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Figure 27: Scenario – present situation: energy balance - production, import, direct consumption and consumption; period 1 year (2011); [source: eza!]

Figure 27 shows the total amounts of energy production from renewable sources (green) on the left
hand side. The energy consumption (grey) is on the right hand side. In the middle, direct consumption (light grey), energy imports (blue) and the surplus / export (orange) is shown on a yearly basis.
With a share of 33% renewable energies, the Pilot region is still importing a big quantity of energy:
793.933 MWh are necessary to cover the consumption. The greatest share of the renewable energies
produced in the Pilot region can be consumed directly. The fluctuating production – more production
than direct consumption in a few hours of the year, make a small surplus of energy – 268 MWh.
That`s why we need storage:
The surplus of energy on the one hand and the import of energy on the other hand cause “traffic”
and loss-of-mains on the grid that can be avoided. The total amount of energy that is transported is
higher than the consumption. With a growing share of renewable energies, this issue is intensified.
On the following pages 2 scenarios (mid-term “2022” and long-term “2050”) were calculated and will
be shown.
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Mid-term-scenario “2022”
By 2022, in Germany all nuclear reactors are shut down. Also the nuclear power plant in
Gundremmingen (closest nuclear reactor to the Allgäu region) will be put out of service. At the same
time horizon the district council of the Oberallgäu set the vision of a 70%-share of renewable energies (detailed decision in chapter 7.1.1). This vision shall be achieved with the commissioning of additional power generation capacities (cp. chapter 7.1.2):
The graph in Figure 28 shows analogous to Figure 24 (present stage) the simulation for 2022; the 15th
of each month of the year. With this, different weather conditions and all the day of a week (workday to weekends) are represented. With a share of 70%, the production of renewable energies is in
approximately 2.300 hours of the year higher than the consumption. To cover the energy consumption energy still has to be imported. The total sum of the energy transport on the grid rises from
1.217.557 MWh (2011) to 1.349.906 MWh in 2022.

Energy consumption and production of renewable energies – 2022
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Figure 28: Scenario – 2022: energy consumption and production of renewable energies;
period 1 year (2022) [source eza!]
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Comparing - analog the current status in Figure 25 and Figure 26 - one week in winter season and
one week in the summer season, the following result could be shown in Figure 29 and Figure 30.
Simulation of consumption and production of renewable energies –Winter 2022
January – hourly simulation
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Figure 29: Scenario – 2022: simulation of consumption and production of renewable energies;
period: 1 month in winter season (2022, January); [source eza!]

Figure 29 shows one example week in January 2022, the consumption is assumed to be 25.928 MWh.
The production of renewable energies is assumed to be 15.778 MWh. This gives a share of renewables of 61% for this week. The hourly simulation gives the result, that for 9 hours (out of 168 h/week)
the production in this period is higher than the consumption. Around 98% of the energy from produced in the pilot region can be used directly. To cover the consumption an amount of 10.424 MWh
has to be imported. On the other hand, the amount of 274 MWh is a surplus. Compared with the
situation of 2011 – surplus of 268 MWh per year – this is a rapid increase.
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Compared to the winter week Figure 30 shows one week in July 2022 where the consumption is assumed to be 21.214 MWh, the production from renewable energies is 15.609 MWh. For this special
week this is a share of 74%. For 30 hours, the production was higher than the consumption. Due to a
surplus from high peak loads (Thursday, Friday and Sunday) in this week, only 80% of the regional
produced energy can be used directly. A surplus of 2.892 MWh will be the result. To cover the consumption of this week, the amount of 8.496 MWh has to be imported – or stored.
Simulation of consumption and production of renewable energies – summer 2022
July – hourly simulation
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Figure 30: Scenario – 2022: simulation of consumption and production of renewable energies;
period: 1 month in summer season (2022, July); [source eza!]
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Energy balance – production, import, direct consumption– 2022
Without storage
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Figure 31: Scenario – 2022: energy balance - production, import, direct consumption and consumption; period 1 year (2022; without storage); [source: eza!]

Without storage, the total energy transport on the grid will be 1.349.906 MWh. The amount of
935.753 MWh will be produced from renewable sources. From this, 776.604 MWh can be used directly. To cover the consumption – without storage facilities – the amount of 414.153 MWh have to
be imported and a surplus of 159.149 MWh will be “exported”.
To avoid imports and exports of energy – traffic on the grid – the consumption and production of
renewable energies must be balanced out with storage systems. Theoretically, the ideal storage-mix
is obtained when the import of energy is avoided. This does not take into account any financial or
economic aspects. With trade and transportation of energy, added value can be generated.
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Energy balance – production, import, direct consumption – 2022
Storage demand
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Figure 32: Scenario – 2022: energy balance - production, import, direct consumption and consumption; period 1 year (2022; storage demand); [source: eza!]

With a storage capacity of 159.149 MWh, the import of energy can be lowered from 414.153 MWh
to 255.004 MWh per year. The total “traffic” on the grid is equal to the energy consumption of
1.190.757 MWh. The total amount of the renewables, produced in the Pilot region can be used. The
amount of 776.604 MWh can be used within the time of production. The amount of 159.149 MWh
has to be stored and used with a time delay.
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Long-term-scenario “2050”
The simulation of 2022 was still continued until 2050. Figure 33 shows the energy consumption (base
2011) and the production of renewable energies – including the entire technical potential. The base
load provided by water and biomass increased from 187.361 MWh in 2011 to 425.344 MWh. In the
future, water and biomass can cover 36% of the energy consumption of the pilot region. When all
technical potential of the wind energy is realized it can significantly contribute to the cover the energy needs: 561.427 MWh can be produced with wind turbines. This would mean a share of 47% of the
annual consumption – but with a high volatility. The potential for solar energy is very high, 67 % of
the energy consumption can be covered by the production of 796.810 MWh from pv-systems. With
all the potentials of renewable energies carried out, the production will exceed the consumption for
approximately 4.700 hours per year (calculation basis: 8.760 hours per year). The total production of
1.783.581 MWh could cover 150% of the energy consumption of 1.190.757 MWh (2011).

Energy consumption and production of renewable energies – 2050
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Figure 33: Scenario – 2050: energy consumption and production of renewable energies;
period 1 year (2050; constant consumption) [source eza!]
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Endenergie [MWh]

Based on an hourly simulation of energy consumption and production of renewable energies in the
pilot region, the requirement for storage is around 206.000 MWh per year. The surplus of energy
produced by renewable sources is approximately 800.000 MWh per year. This means, that after the
storage need is deducted, the pilot region has a surplus of nearly 600.000 MWh per year. All these
calculations are based on the status of energy consumption of the year 2011. If assumed, the energy
consumption is reduced, the need for storage will decrease and the amount of energy that can be
exported will increase.
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Figure 34: potential scenario vs. actual consumption in 2011. Increased efficiency by categories [source: SEAP
Oberallgäu eza!]

When all potentials of savings of all groups of consumers (traffic, economy, households) are realized
in the sectors electric energy, heat consumption and transportation, a saving potential of 31% could
be possible. This means in particular a reduction of the consumption of electric energy from
1.190.757 MWh per year to 845.437 MWh per year. After the reduction the consumption, the pilot
region could produce twice energy as needed.
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Energy consumption and production of renewable energies –2050
With 30% savings in consumption
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Figure 35: Scenario – 2050: energy consumption and production of renewable energies;
period 1 Year (2050; 30% reduction in consumption) [source eza!]

By increase of efficiency and the use of modern technologies (LED-lights, high-efficiency pumps etc.)
the energy consumption can be lowered to 845.437 MWh per year. With the savings on the one
hand and the extension of renewable energies, the annual production of electric energy can be 211%
of the consumption. Based on an hourly simulation, the production will exceed the consumption in
6.106 hours per year. The need for storage will be only in 2.678 hours and the amount of energy to
be stored decreases rapidly to only ~77.500 MWh per year.
Although saving energy should be the general aim, the scenario for the future is considered without
savings. The Pilot region shows a growth in the number of inhabitants. This will lead to an increase of
the energy consumption. The increase may as well be compensated by new efficient technologies,
renovations and innovations as well as more consumption by electric mobility.
A decrease of the energy consumption is desirable but presumably not realistic. Therefore, a constant consumption is assumed for further calculations.
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Comparing - analog the current status in Figure 25 and Figure 26 and the mid-term-scenario 2022 in
Figure 29 and Figure 30 - one week in winter season and one week in the summer season 2050 will
be simulated; the result could be shown in Figure 36 and Figure 37.
The hourly simulation shows the typical trend of the consumption in the pilot region Oberallgäu
(black line) of one week in January. The production of renewable energies (water, biomass, wind and
solar energy) is described by the green line. Although it is winter, the production around noon is
higher than the consumption. In the evenings and nights, the base load from water and biomass is
not sufficient to cover the consumption. In these periods – 97 hours in this particular week – storage
is needed. The consumption in this period was 25.928 MWh, the production was 26.621 MWh. From
this amount 21.681 MWh were directly consumed. The storage need (marked in red) was 4.246
MWh. As the production was higher than consumption and storage need in sum, there is a surplus of
nearly 700 MWh.
Simulation of consumption and production of renewable energies – winter 2050
January – hourly simulation
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Figure 36: Scenario – 2050: simulation of consumption and production of renewable energies;
period: 1 month in winter season (2050, January); [source eza!]
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Simulation of consumption and production of renewable energies – summer 2050
July – hourly simulation
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Figure 37: Scenario – 2050: simulation of consumption and production of renewable energies;
period: 1 month in summer season (2050, July); [source eza!]

The simulation of a week in summer shows a slightly lower consumption but higher peaks in the production of renewable energies. The surplus is marked in yellow; the storage need is marked in red. In
the summer, the storage is mainly needed during late evening and night times. The amount of energy
consumption in this week was 21.214 MWh (11. - 17. July 2011). The production from renewable
energies in this week was 27.790 MWh. The total amount in this particular week is only ~5% higher
than in the week in January. The peaks from the photovoltaic are higher, but the base load provided
by water and biomass is lower. The storage demand in this week was for 101 hours – an amount of
5.365 MWh of electric energy is to be stored. The storage demand of this summer week was higher
because of the minor production of the hydropower plants and biomass. Around 15.848 MWh of the
energy produced was directly consumed, so an excess of 6.575 MWh will be exported.
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Figure 38 shows that based on the theoretical simulation in 2050 the share of renewable energies
can be about 150%. Far more energy is produced than consumed: 1.783.581 MWh. From this, the
amount of 985.323 MWh can be directly used. To cover the consumption of 1.190.757 MWh with
regionally produced renewable energies, a storage capacity of 205.434 MWh is necessary. Compared
to 2022 (70% renewables) the storage capacity increases by 30%. The amount of 46.285 MWh has to
be added. While in 2022 the storage demand was 13% of the annual consumption, in 2050 the storage capacity should be approximately 15-20% of the annual consumption.

Energy balance – production, import, direct consumption – 2050
Storage demand

592.824 MWh

205.434 MWh
1.783.581 MWh
1.190.757 MWh
985.323 MWh

produktion re

surplus
storage
direct consumption

consumption

Figure 38: Scenario – 2050: energy balance - production, import, direct consumption and consumption; period 1 year (2050; storage demand); [source: eza!]

Although the pilot region could be independent from energy imports, the grid still plays an important
role. Through the high capacity of wind and solar power generation, high peak loads will occur. Even
if storage facilities can balance out peak loads and provide control energy, load management and
grid adaption plays an increasingly important – essential – role. Smart Grids are indispensable.
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5.1
Storage Requirements 2022
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Figure 39: simulation scenario 2022: storage demand per day [source: eza!]

Summe von 60,00

3500

annual load duration curve (simulation)

3000

2500

2000

1500

1000

500

0

01.01.2008

Figure 40: simulation scenario 2022: annual load duration curve [source: eza!]

57

25.11.2008
16.09.2008
07.12.2008
26.10.2008
17.11.2008
05.01.2008
03.11.2008
28.01.2008
31.03.2008
19.12.2008
13.01.2008
25.09.2008
28.06.2008
21.05.2008
10.10.2008
25.02.2008
30.10.2008
09.06.2008
21.06.2008
02.06.2008
06.07.2008
23.07.2008
21.12.2008
04.11.2008
19.03.2008
22.07.2008
13.04.2008
13.06.2008
02.07.2008
21.09.2008
03.02.2008
21.04.2008
26.02.2008
24.03.2008
30.01.2008
20.06.2008
06.12.2008
27.02.2008
27.04.2008
18.04.2008
19.08.2008
20.04.2008
16.02.2008
29.02.2008
20.01.2008
10.05.2008

01.01.2008
09.01.2008
17.01.2008
25.01.2008
02.02.2008
10.02.2008
18.02.2008
26.02.2008
05.03.2008
13.03.2008
21.03.2008
29.03.2008
06.04.2008
14.04.2008
22.04.2008
30.04.2008
08.05.2008
16.05.2008
24.05.2008
01.06.2008
09.06.2008
17.06.2008
25.06.2008
03.07.2008
11.07.2008
19.07.2008
27.07.2008
04.08.2008
12.08.2008
20.08.2008
28.08.2008
05.09.2008
13.09.2008
21.09.2008
29.09.2008
07.10.2008
15.10.2008
23.10.2008
31.10.2008
08.11.2008
16.11.2008
24.11.2008
02.12.2008
10.12.2008
18.12.2008
26.12.2008

Region Oberallgäu:
Status Quo and Masterplan

5.2
Storage Requirements 2050

Summe von 31,73108586

3.500

storage demand per day (simulation)

3.000

2.500

2.000

1.500

1.000

500

0

01.01.2008

Figure 41: simulation scenario 2050: storage demand per day [source: eza!]
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Figure 42: simulation scenario 2050: annual load duration curve [source: eza!]
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5.2.1

Short Term Storage vs. Long Term Storage

Period

Need for storage [h]

Amount to be stored per
year

Max. capacity per day

2022

6.416 h/a

159.149 MWh

2.982 MWh

2050

4.011 h/a

205.434 MWh

2.153 MWh

Table 13: storage demand - scenario 2022/2050: need for storage; amount per year; max. capacity per day

This table shows the number of hours per year with storage demand. In 2022, the demand for storage or energy imports was for 6.416 hours. The amount of energy that has to be stored in order to
ensure the total self-consumption of the regional produced energy will be 159.149 MWh. The maximal capacity (storage or import) will be 2.982 MWh.
In 2050, when all technical potential for renewable energies is realised, the need for storage will exist
for 4.011 hours per year. The total amount of stored energy rises to 205.434 MWh per year but the
maximum capacity decreases to 2.153 MWh.
In the following table, the number of days and the storage demand per day is described. In 2022 a
storage demand of over 2.000 MWh per day will exist for 41 days - in 2050 only for two days.
Storage demand

2022

2050

MWh/d

number of days
quantity [MWh]

number of days

> 2.000 MWh/d

41
95.906 MWh

2
4.275 MWh

1.000 – 2.000 MWh/d

143
207.902 MWh

59
76.438 MWh

< 1.000 MWh/d

182
110.284 MWh

277
124.688 MWh

without storage demand

0
0 MWh

28
0 MWh

Total

366
414.153 MWh

366
205.402 MWh

Table 14: storage demand - scenario 2022/2050: number of days; quantity
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2022
70% R.E.

2050
150% R.E.

high demand for long-term storage

high demand for short-term storage

high storage capacity

smaller storage capacity

Table 15: storage demand – scenario 2022/2050: summary

With 70% renewable energy, there is a higher demand for long-term storage and the storage capacity has to larger. In 2050, with a share of 150% of renewable energies, the demand for short-time
storage increases but the storage capacity can be lower.
In 2020 the demand for storage or import of energy is 414.153 MWh. From this number, an amount
of 159.145 MWh can be stored. The remaining share of 255.008 MWh must be imported.
To find the ideal mix of storage capacities for the Pilot region, the sector of the storage demand
<1.000 MWh/d is essential. With 277 events / cycles 60% of the storage demand can be covered. For
example the pump storages planned by the AÜW can realize a yield of 90.000 MWh per year. This is a
share of 72%. For the remaining part of 34.688 MWh, the number of 27.750 battery storage systems
(5kWh each, 250 cycles per year) would be sufficient.

5.3

Potentials for Regional Storage


Biogas digesters and storage tanks
The actual energy production from biogas plants is 80.086 MWh per year. The technical potential is about 309.814 MWh per year. This means a possible increase of 287 %. Biogas is –
compared to other renewable energies – a chemical storage for energy. The production of
energy is not dependent on the weather conditions. Biogas provides a continuous feed-in of
a base load. A bigger gas tank in combination with a combined heat and power unit, the
feed-in can be increased. The feed-in time is shorter then, but a first step of load-shifting is
possible. Unlike wind or solar-energy, biogas can be stored and used for electricity production on demand. In the essence, there are two different types of systems: direct use of the
biogas in a cogeneration unit or storage in the gas grid.
With the first concept, the biogas is used for the production of electric energy for at least 8
hours a day. For a maximum of 16 hours, the biogas is stored in local gas storages. By this,
fluctuations in the daily load profile of the public network can be compensated.
When biomethane is fed into the gas grid, the gas grid becomes enormous long time storage.
With this storage, seasonal variations in electricity production from wind and solar can be
compensated. The biomethane can be retained in the gas grid for almost one year.
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Decentralized biogas plants are, from the point of logistics and emissions, uncomplicated.
But they have deficits in the use of the heat. To avoid long and expensive earth pipes for the
heat – which cause high losses – an installation of a “satellite” CHP-unit, can be an option.
The cogeneration is operated with the biogas from the digester. To generate the process
heat for the fermentation, a heat pump can be used.


Compressed air storage
Geologically considered, the underground in the region Oberallgäu is flysch and molasses,
there are any caverns or caves that can be used for storage. Occasional salt domes are possible but not considerably deducible. If they were, the stone is too porous for a usage as storage for compressed air.



Pump storage (regional in Alpine Space)
Currently, AÜW is doing a feasibility study. All possible locations for pump storage plants will
be analyzed. There is a detailed investigation of 20 locations; two of these are concrete of interest: Breitenstein and Rottachspeicher: every location could have 40-60 MW, about 360
MWh of electricity per sequence; realization possible within 8-10 years;



Stationary batteries
With the current assumptions, it is assumed that there is a potential of 15,000 private
households in the investigation area with a usable roof area for PV-plants connected with
stationary batteries. Assuming that the capacity per stationary battery will be 8-10 kWh that
would produce an storage potential of 135 MWh/a. The following Table 16 faces
strengths/advantages and threads/disadvantages of small sized batteries in private households. In summary, it is definitely required to control the individual decentralized batteries
centrally in the future.
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small sized batteries for private households
strengths / advantages

disadvantages / threads

With a PV-system and a battery, a household In the worst case, private storage facilities
can significantly increase his self-sufficiency; can suppress renewable energies. If available
the use of self-produced renewable energy.
renewable energy from PV-systems is stored,
conventional power plants have to produce
energy for customers without storage facilities. On the other hand, wind energy can be
shut down in the night time while the households provide themselves with energy from
the battery.
The consumption of self-generated electrici- Although the costs for PV-systems decreased
ty from the own PV-system can be increased. in the last years, the investment costs for a
Grid-parity is achieved, the price for self- battery system are high. Compared to the
produced electricity is lower than from the price of electric energy from the grid, progrid.
ducing and storing energy in a battery is not
yet economically. Depending on system and
type of battery, the costs for storage 2 to 4
times higher than costs for purchasing energy from the grid.
The rate of self-consumption can significantly Total autarky is very difficult to achieve only
be raised. Depending on the size of the bat- with PV-system and battery. Especially in the
tery, it is possible to use all energy produced winter, the yield from the PV-system will not
by the PV-system. Normally, the rate of self- be sufficient to cover the energy consumpconsumption can be doubled.
tion.
The consumer is becoming more independ- The EEG surcharge will be divided by less
ent from the increases of the electric energy energy, so the price for electric energy might
prices.
raise rapidly. This might especially be a problem for the consumers without PV-system or
battery storage.
For new pv-systems (since 2012), only 70% of In the Oberallgäu, there may be spatial difthe maximum load may be fed into the grid. ferent weather conditions. Within 30 kilomeThe amount of energy, produced with a load tres, the solar radiation can change due to
over 70%, can be stored in a battery system. “Fön” or “Alpenstau”. The 70%-rule may be
counterproductive for an energy system
based on renewable energies.
Battery systems can bring relief to the power With battery systems, only small amounts of
grid. But for this, an intelligent charge man- electric energy are stored, enough for 1-2
agement combined with weather forecasts days. Peak loads will still exist. The grid, inare necessary. Otherwise peak loads are not frastructure (metering points, transformer
avoided but only delayed.
stations) and control energy have to be
available. Replacement or renovation of the
grid and infrastructure will still be necessary.
But the costs will be divided by less energy.
Table 16: Strengths/advantages and disadvantages/threats of small sized batteries for private households
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Central-decentralized storages:
About 80% of the PV-systems are installed in the low voltage grid. With the increasing expansion
of the PV, the distribution networks more and more reach their Load limits. Lines and transformers achieve with decentralized increasing of the feed-in their load limits. Voltage limits may
be exceeded. In order not to limit the additional installation of photovoltaic systems, the low
voltage network has to be expanded. The expansion of the grid is the duty of the grid operator.
According to § 9 EEG (Date: 03/2011) the grid-operators are "at the request of feed-in, responsible to immediately optimize their networks in accordance tot the state of the art, strengthen
and expand in order to ensure the transmission and distribution of electricity from renewable
energy sources”. As alternative to the expansion of the grid, local network storages could help
to stabilize the voltage in the grid and provide reactive power. But these large scale battery
storages are still very expensive and still there is not regulated the role of the storage-operator
in the overall energy market system. It’s still not clear if this is a market model for the distribution
grid operator or the energy supplier. The “Unbundling” in Germany makes it difficult to develop
business models with battery storages. A new role of the memory market operator could be the
result of it.
Small storage-cluster
The aim of the users of small battery storages is the avoidance of purchasing electricity from the
power supplier. His general interest is in saving costs. In order to be useful for the stability of the
power grid, the storages have to be combined to a virtual system. But the control of the decentralized batteries is technically demanding, expensive, questionably from the privacy policy and
the tariffs are not clarified. On the one hand there is a high investment for the battery management but on the other hand the market volume of a single battery – owned by a private person
– is very low.
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6

Framework for future Storage Systems

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 for understanding German 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 subjects 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% lower than 1990 (or even 30%, if the conditions are right)
- 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. For Germany this means minus 14 % of CO 2
emissions, plus 18 % renewable energies and a reduction of 38.3 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 other 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:
- 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)252
- Renewable Energy Directive (RED)
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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 28 September 2010 and updated on 6 June 2011 after the Fukushima nuclear catastrophe in March 2011.
The main aim of the energy concept of October 2010 is the accelerated transition towards a 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. Further, the nuclear power plant Krümmel, which was already stopped before the Fukushima
accident, will not be ramped up again.
The updated 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
- 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 net-works 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 2011238 further announces an intensified promotion of research and development on storage and grids (item 22).
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In summary, stores 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”.
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)
Since 2012 exists a network development plan. 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 PV
plants.
- National platform electro mobility (NPE): The NPE is consulting council of the German Government, founded in 2010. The aim of the council is the development of Germany to not only
a leading market, but also to a leading provider of technology for electro mobility. The NPE
discusses different topics on the field e-mobility (standardisation, new certificates, technology, recycling, …) and has the order to work out concrete suggestions to increase the meaning
of e-mobility.
- Marktanreizprogramm (MAP): With subsidies of more than 500 Mio. € the BMU has continued its program to invest in renewable energies for heat production (MAP). Hereby, the revenues of the emission market are used to promote investments into modern heat production
like heat pumps, solar heat systems or biomass CHP-plants.
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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 a law 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)
Regional Framework: Swabia/Bavaria
Swabia is an administrative region in the state of Bavaria. Bavaria set up goals for the year 2021 in
the Energy Concept “Energie Innovativ” in May 2011.
Special credit is due to the individual regions for their dedication to restructuring Bavaria’s energy
supply. Therefore the presidents of the regional governments were appointed regional energy commissioners in charge of advancing local projects and initiatives. Moreover, these commissioners are
responsible for the initiative “Energie innovative – regional” as well as for holding regional conferences. They make use of existing networks for informing key stakeholders at a local level about restructuring Bavaria’s energy supply and any related issues. The regional governments also contribute
to evolving the plans for the regions and advise on the compilation and implementation of energy
and climate protection concepts. In their role as public agencies, they prepare expert’s reports on
land use and development plans as well as on individual projects in the energy sector. The active role
of towns and cities, communities and districts is vital for putting the Bavarian Energy Concept “Energie Innovativ” into practice.
The Goals of Bavarian Energy Policy
Bavaria’s goal is to generate 50% of its power consumption from renewable energy sources by 2021.
Hydroelectricity is to contribute 17%, solar power 16%, bioenergy 10% and wind energy 6 to 10% of
the total power consumed. From now until 2020, CO2 emissions are to be reduced down to considerably less than six tons per capita, while keeping electricity prices affordable for all consumers and
maintaining current security-of-supply levels.
Goal 1 – Security of Supply
- For our economy and especially for the basic materials industries, for example, a secure, uninterrupted supply of electricity is indispensable
- Although a total of eight nuclear power reactors were shut down in Germany, energy supply
in Bavaria has not deteriorated significantly so far. We have to ensure that the security of
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-

supply will not be compromised in the future either, and can by no means simply take a secure power supply for granted.
Building new high-voltage and extra-high-voltage lines, long-distance gas pipelines and flexible power plant capacities available at any time, and doing so fast, thus takes utmost priority.

Goal 2 – Affordability
- It is a fact that in the foreseeable future, the nuclear phase-out will bring about higher electricity prices.
- Electricity prices are driven up by the higher variable costs of substituting power plants, the
fact that renewable energy sources tend to be distributed in a decentralized fashion, thus often being far from where the loads are located, and the resulting need for network expansion, regulation and power storage.
- Since new installations keep being added, the EEG surcharge (EEG, Erneuerbare-EnergienGesetz, the German Renewable Energy Act) thus considerably contributes to the rise in electricity prices. This is why the Bavarian Ministry of Economic Affairs, Infrastructure, Transport
and Technology calls for a comprehensive reform of the German Renewable Energy Act
(EEG).

Goal 3 – Ecofriendliness
- Over the course of the last few years, a further reduction in CO2 emissions has been
achieved.
- Phasing out nuclear energy, however, also means eliminating nuclear power’s carbon-free
share in power generation and replacing this share by another form of energy.
- Against this background, the Bavarian State Government focuses on achieving substantial
energy savings, improving energy efficiency and expanding the usage of renewables.

Power and Gas Grids
As a result of the continued expansion of renewable energies, existing power transmission grids are
taken to their safety and stability limits. Hence it is vital to not only make the power grid fit for the
future, but also to ensure system stability and security of supply for Bavaria. This requires an expansion of transmission networks to enable long-distance energy transports, for example from offshore
wind farms to the heartland. Moreover, power distribution grids need to be upgraded and equipped
with modern information and communication technology wherever necessary. At the same time, gas
transport networks have to be expanded to provide for the increasing demand for natural gas in
electricity production. In cooperation with several other departments, the Bavarian Ministry of Economic Affairs, Infrastructure, Transport and Technology acts as an important stakeholder at the federal level, for example by contributing to the Power Grid Development Plan (German: Netzentwicklungsplan) of the Federal Network Agency and subsequent demand planning efforts, as well as by
supporting both the plat-form for future-oriented energy net-works (German: Zukunftsfähige Ener68
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gienetze) set up by the Federal Ministry of Economic Affairs and the Federal Ministry of the Environment’s Renewable Energy Platform. Two additional overhead lines are currently being prepared for
the 380 kV extra-high-voltage network: an EHV line connecting the federal states of Thuringia and
Bavaria known as the ‘Thuringia Power Bridge’ (German: Thüringer Strombrücke) as well as an EHV
transmission line between Simbach am Inn in south-eastern Bavaria and St. Peter in Austria. Plans for
the next three years include measures to add new lines to the Bavarian high-voltage grid (110 kV)
and replace or upgrade existing ones on a total length of approx. 300 kilometers ( about 186 miles).
Just under 170 km ( about 105 miles) of the lines in the rail electrification system are expected to be
replaced between now and the year 2014. In addition, major efforts were and are still being taken to
expand and upgrade both medium-voltage and low-voltage networks. In October 2012, two new
natural gas loop pipelines – Schwandorf-Windberg and Sannerz-Rimpar – running parallel to existing
pipelines were added to the long-distance gas network. Another pipeline known as the Monaco pipeline, which connects Burghausen and Finsing, as well as a high-pressure natural gas pipeline between
Finsing and Amerdingen are currently in the planning stages. These efforts will considerably improve
the security of gas supply in Bavaria.

Electricity and Gas Storage
Finding ways to store energy is one of the key challenges of the future. Pumped-storage plants not
only play a crucial role in energy storage, their quick-response capabilities also help stabilize the
power grid by keeping the balance between generation and consumption. Several new pumpedstorage plants in Bavaria are now in the planning stages: in Riedl (next to the Danube River in eastern
Bavaria), at the Poschberg mountain slope (in the Berchtesgadener Land region) and in Einöden (near
Flintsbach am Inn in southern Bavaria). Gas storage facilities serve to balance the amount of continuously generated or imported energy and actual gas consumption, which is subject to far stronger
seasonal fluctuations than electricity consumption. Arithmetically speaking, if all available storage
facilities were filled up to their respective capacities, the energy stored would last for approx. 4.5
months at an assumed total annual consumption for Bavaria of about 100,000 GWh. The Austrian
provinces of Salzburg and Upper Austria saw the construction and/or expansion of several large-scale
underground natural gas storage facilities, which are exclusively connected to the Bavarian natural
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gas grid at the moment. In April 2011, the capacity of the gas storage facility at Haidach, Austria, was
expanded to a total of 2,640 million m³. Moreover, the first stage of the 7 fields gas storage expansion project was completed and a total working gas volume of 1,155 million m³ was put into operation. Within the framework of the Energy Research Concept, Bavaria supports several storage technology projects and plans the implementation of a pilot project for the conversion of electrical power
into hydrogen and/or methane.
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Electric mobility
Electric mobility plays no role in Bavarian Concept. Here, the objectives of the Federal government
are valid. In the coming year, the working groups set up by ENERGIE INNOVATIV, Bavaria’s Energy
Agency, will continue to present tangible, hands-on solutions, while actively involving all stakeholders affected and taking all related activities at a federal level in consideration. In addition to its strong
focus on power generation motivated by the planned nuclear phase-out, it will continue to evolve its
general approach and increasingly focus on harnessing heat and on mobility in order to live up to
what is a holistic approach towards energy policy. [Source: The Bavarian Ministry of Economic Affairs,
Infrastructure, Transport and Technology published the “Progress Report 2012 on restructuring
Bavaria’s Energy Supply”.]

Regional Framework – Oberallgäu/Kempten
In the region of Oberallgäu/Kempten the “Regional Planning Association (for region 16)” decides on
the regional plan and its amendments and discusses the interests of its members within the framework of regional planning. Beside “Oberallgäu” and “Kempten” the region 16 contains: Lindau,
Ostallgäu; Kaufbeuren (cp. Table 1).
After the events in Fukushima and the following decision of nuclear phase-out until 2022, a perpetuation of chapter B IV 3.2 (utilization of wind power) in “Regionalplan der Region Allgäu” (regional
plan for region Allgäu) has been decided at the meeting of the planning committee of the Regional
Planning Association Allgäu on 10 June 2013. The aim of the perpetuation is to check the regional
area once again in detail. On the basis of today’s valid criteria an evaluation shall reveal, if and where
there are possibilities to build wind power plants in the region Allgäu. The main target thereby is to
implement the energy transition and, in particular, to shape the utilization of wind power substantially on its own and as suitable for the region as possible.
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7

Master Plan

7.1

Objectives

7.1.1

Vision
“Assuming constant power consumption, in 2022 a share of 70% of the volume of electricity
consumption (consumed in the region Oberallgäu/Kempten) should be generated with renewable energy sources in the region.”
This unanimous decision was taken by the council Oberallgäu on July 15, 2011 (unanimous
decision of all 26 mayors).

7.1.2

Goals

1) First of all there is the aim to reduce energy (electricity and heat).
2) Parallel the renewable energy production needs to be expanded similar to the vision 2022.
As a basis for the realization of the council decision it is necessary to build more regenerative power generation plants:
40 wind energy plants (reference plant 3,0 MW x 2.000 h/a = 6.000 MWh/a/plant)
- 25.000 PV roof plants (reference 11 kWp x 1.000 h/a = 12 MWh/a/roof)
5 PV freefield plants (reference 457 kWp x 1.000 h/a = 457 MWh/a/plant)
4 water power plants (0,5 MW x 4.500 h/a = 2.250 MWh/a/plant)
10 biogas plants (0,2 MW x 4.900 h/a = 980 MWh/a/plant)
5 biomass plants – wood (0,75 MW x 4.000 h/a = 3.000 MWh/a/plant)
These are ambitious goals to reach, especially when the political framework and the cost efficiency of the plants will be taken in consideration.
3) Therefore an additional objective in the Region Oberallgäu/Kempten will be the networking
of all actors to avoid policy mistakes and to inform the population transparent about the
need of regional energy development.
4) The integration of all renewable sources into the regional power distribution grid is also
the aim for the next years. Therefore cost-saving and efficient network expansion and
SmartGrid components will be further analysed and developed. The network expansion is
also important to transport the energy from the predominantly rural (low consumption) in
the urban areas (high consumption). As a result, as much as possible of the energy produced
regionally will be consumed directly in the region – by the time of generation.
5) Since the regional produced regenerative current cannot be consumed at any time directly
or transported in the region to high-consumption areas, also storage technologies should be
developed:
 Specific site planning and construction of pumped-storage power plants.
 Expansion of distributed battery storage. If there will be decentralized storages in
family homes or central-decentralized storages in local network stations should be
based on the results of IRENE and AlpStore. In any case it is important to control the
storages centrally.
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7.2

Storage Roadmap

7.2.1

Measures and Projects

Generally be said: To store energy is not the best option.
1. First, there is still power saving. The best kWh is the not consumed kWh.
2. Direct consumption. Energy should be consumed at the place of production and the time of
production; that is the most efficient use with the lowest losses. Therefore generation and
load management are essential (flexible power plants and flexible consumers).
3. Energy transport. Development of distribution network. The regional produced energy must
be transported efficiently from the mostly rural areas of production into the predominant
urban high-consumption areas.
4. Storage.

Planned measures in Allgäu region:
 Gathering more detailed information about the storage potential in private households.
 Gathering knowledge about decentralized energy storage in private households: insights into
self-sufficiency and self-efficiency in private houses; (shall be implement in AlpStore project!)
 Gathering knowledge about centrally decentralized energy storages in local network stations.
(further evaluations from the lessons learnt in IRENE project)
 Practical experiences in controlling many decentralized battery storages – in a useful context for
the regional energy balance.
 Smart-Grid follow-on project IRENE 2.0; to get further practical experience in Smart Grid technologies to be able to handle with the fluctuating energy.
 To realize pump storage plants in the region until 2022.
 Public relation to avoid that there will start citizen-initiatives against pump-storage-plants.
 Public relation in general, the energy revolution must be supported regionally. Technically, all
options are feasible, crucial roles for the realizations are the economy and the social acceptance
of the proposed projects.
 Useful connection of different activities in the region (first step: project “Energiezukunft Allgäu”).
 Actors in Allgäu region will gain experiences toward storages, e-mobility and smart grids with
innovation projects; also may draw political decisions.

Storage technologies must complement each other. There must be a flexible park. All running
measures and projects will lead to new experiences and these experiences will generate the next
steps. Experiences of previous years and the results of our innovative projects have shown that it is
not the goal implementing an immediate nationwide or region wide rollout (neither with smart meters nor with storages) rather a bunch of measures must be developed.
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Networking of actors and stakeholders as far as the consent of the citizens are important measures
for the realization of the energy future in Allgäu region. All projects can be realized on the regional
level more efficient and balanced with the necessary involvement of the population.

Therefore we will continuously move forward step by step.
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