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Carbon	  dioxide	  concentra5ons	  in	  the	  atmosphere,	  1000-‐2014	  A.D.	  
Quelle:	  Scripps,	  ORNL	  und	  IPCC.	  

0.8	  degrees	  C	  

The	  risk	  of	  overshoo5ng	  two	  degrees	  

280-‐350	  ppm	  
survivable	  range	  

2020	  	  
ac=on	  horizon	  



100%	  	  
renewable	  

At	  the	  peak:	  systemic	  risk	  oil	  dependency	  
Dept	  for	  Future	  Analysis,	  Centre	  for	  the	  Transforma5on	  of	  the	  German	  Defense	  Forces	  2010	  	  

2006	  

At	  the	  peak:	  systemic	  risk	  oil	  dependency	  
Dept	  for	  Future	  Analysis,	  Centre	  for	  the	  Transforma5on	  of	  the	  German	  Defense	  Forces	  2010	  	  

Net	  peak	  
EROI	  from	  1:100	  (1930)	  to	  1:10	  (2010):	  from	  bell	  curve	  to	  shark	  fin	  

WWF	  2011	  –	  The	  Energy	  Report	  –	  Renewables	  by	  2050	  



Worldwide	  wind	  power	  poten5al:	  5-‐8	  5mes	  total	  commercial	  supply	  
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Global	  installed	  wind	  power	  
2013	  Renewables	  Global	  Futures	  Report	  
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Global	  installed	  solar	  power	  
2013	  Renewables	  Global	  Futures	  Report	   New	  investments	  in	  renewable	  energy	  

2013	  Renewables	  Global	  Futures	  Report	  
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Switzerland:	  80%	  of	  primary	  energy	  imported	   100%:	  autonomous	  energy	  system:	  na5onal,	  regional,	  local	  
Model	  Japan	  -‐	  Harry	  Lehmann	  u.	  a.	  2004-‐2009	  



This	  virtual	  power	  plant	  runs	  since	  2007	  
German	  industry	  real-‐5me	  demonstra5on	  project	  

Enercon,	  Schmack	  Bioenergy	  and	  SolarWorld,	  2007	  
Kombikraewek	  2,	  2010-‐2013	  	  

Storage	  

Control	  

Biogas	  

Wind	  

Solar	  

100%:	  integra5ng	  power,	  heat,	  networks,	  storage	  
Sterner,	  M.	  (2009):	  Disserta5on	  Power-‐to-‐Gas.	  First	  presented	  at	  IRES	  2009.	  	  

Regions	  and	  communi5es	  as	  distributed	  power	  sta5ons	  
UK	  Greenpeace	  July	  2005	  

German	  push	  
to	  100%:	  	  

Regions	  with	  
targets	  and	  
processes	  of	  
local	  
renewable	  
energy	  
autonomy	  
IdE	  Juli	  2012	  

IBK-‐Region:	  baernet.org	  
Universität	  Liechtenstein	  2013	  

	  	  Thermal	  demand	  2010	  



Thermal	  demand	  2050	   Renewable	  thermal	  produc5on	  2010	  

Renewable	  thermal	  produc5on	  2050	   Degree	  of	  renewable	  thermal	  autonomy	  2010	  

Degree	  of	  renewable	  thermal	  autonomy	  2050	   Power	  demand	  2010	  



Power	  demand	  2050	   Renewable	  power	  produc5on	  2010	  

Renewable	  power	  produc5on	  2050	   Degree	  of	  renewable	  power	  autonomy	  2010	  

Degree	  of	  renewable	  power	  autonomy	  2050	  

Electricity:	  surplus	  genera5on	  by	  2030	  
baernet.org	  



Full	  thermal	  energy	  supply	  from	  regional	  renewables	  by	  2050	  
baernet.org	  

Full	  mobility	  energy	  supply	  from	  regional	  renewables	  by	  2050	  
baernet.org	  

100%	  Power-‐Heat-‐Fuel	  

Cost	  comparison:	  systema5c	  cumula5ve	  differen5al	  	  
Cost	  increases	  of	  conven5onal	  system	  versus	  developing	  renewables	  

Regional	  gains:	  5,300	  new	  jobs	  created	  to	  2020	  

GHG:	  absolute	  net	  sequestra5on	  by	  2050	  
baernet.org	  

Renewable	  Energies	  in	  the	  region	  of	  AllgäuNetz	  



Genera=on	  (some=mes)	  exceeds	  consump=on	  

+/- 10 % 

Flexibility	  in	  the	  Load	  Curve	  

Potenziale	  erneuerbarer	  Energien:	  
Wärme	  

Ungenutzte Potenziale 

Genutzte Potenziale 

Potenziale	  erneuerbarer	  Energien:	  
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The	  Challenge	  

genera5on	  

consump5on	  

•  Fluctuating generation from renewable energies"
•  Generation exceeding consumption at some points of time"
•  Stress on power grids - creating need to act"
•  Search for adaptive and cost efficient solutions"
•  Differing needs and frameworks in EU countries "
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Short	  Term	  Storage	  (one	  day)	  
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The	  Challenges	  

•  Seasonal availability of renewable energies"
•  Long distances between generation and consumption sites"
•  Potentials of generation and demand side management too low"
•  Search for cost efficient storage solutions"
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consump5on	  

J	   F	   M	   A	   M	   J	   J	   A	   S	   O	   N	   D	  

Long-‐term	  Storage	  
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The	  AlpStore	  Principle	  

short	  term	  
storage	  

long	  term	  
storage	  

•  Connect	  sta5onary	  and	  mobile	  RES	  
to	  the	  grid,	  managing	  genera5on	  
and	  consump5on	  

•  Connect	  short	  term	  and	  long	  term	  
storage	  systems	  to	  the	  grid	  and	  
control	  them	  via	  ICT	  

•  Implement	  algorithms	  to	  make	  
best	  use	  of	  demand	  side	  
management,	  genera5on	  side	  
management	  	  and	  storage	  

AlpStore	  Project	  Brief	  

Topic: 	  Strategies	  to	  use	  a	  variety	  of	  mobile	  and	  sta5onary	  storage	  systems	  	  
to	  allow	  for	  extended	  accessibility	  and	  the	  integra5on	  of	  renewable	  energy	  	  

Consor5um:	   	  20	  partners	  and	  subcontractors	  in	  seven	  Alpine	  Countries	  	  
(Germany,	  Austria,	  Switzerland,	  Italy,	  France,	  Slovenia	  	  
and	  Liechtenstein)	  	  

Supporters: 	  over	  70	  formal	  observers	  

Budget:	   	  3,3	  Mio	  EUR	  

Funding:	   	  76	  %	  from	  ERDF/	  Alpine	  Space	  Programme	  
	  	  	  	  	  	  	  	  	  (equals	  570	  TEUR	  for	  German	  partners)	  

	  24	  %	  na5onal	  funds	  
	  	  	  	  	  	  	  	  	  (equals	  180	  TEUR	  from	  German	  financing	  ins5tu5ons)	  

Dura5on: 	  July	  2012	  through	  December	  2014	  

Leadpartner: 	  B.A.U.M.	  Consult	  GmbH,	  München	  

University	  of	  Liechtenstein,	  Chair	  for	  Sustainable	  Spa=al	  Development	  

•  Leading	  the	  na5onal	  profile	  development	  efforts,	  and	  centrally	  support	  the	  
profiling,	  pilot	  and	  master	  plan	  ini5a5ves	  	  

•  Repor5ng	  on	  the	  most	  suitable	  energy	  storage	  systems	  for	  the	  Principality	  of	  
Liechtenstein	  and	  developing	  concepts	  based	  on	  the	  renewable	  energy	  
poten5al	  of	  the	  Alpine	  Rhine	  Valley	  

•  Focusing	  on	  spa5al	  dimensions	  of	  energy	  storage	  technology	  and	  their	  
integra5on	  into	  our	  built	  environment,	  their	  spa5al	  effects	  on	  urban	  design,	  
but	  also	  their	  poten5al	  in	  combina5on	  with	  architecture	  

•  Formula5ng	  recommenda5ons	  for	  planners	  and	  poli5cal	  decisionmakers	  

A.L.O.T.	  s.c.ar.l.	  (Lombardy,	  Italy)	  

•  Being	  responsible	  for	  Informa5on,	  Publicity	  and	  Evalua5on	  

•  Developing	  a	  media	  communica5on	  plan,	  projec5ng	  the	  tools	  for	  project	  
communica5on	  and	  tutoring	  the	  other	  partners	  in	  using	  and	  developing	  
them	  during	  all	  project	  life	  5me	  

•  Defining	  indicators,	  measure	  instruments	  and	  assessment/valida5on	  criteria	  
for	  all	  regional	  and	  transna5onal	  approaches	  

AGIRE	  Local	  Energy	  Agency	  (Mantova,	  Italy)	  

•  Con5nuing	  improving	  the	  VPS	  installed	  during	  the	  AlpEnergy	  project	  in	  
Suzzara	  

•  Analyzing	  EV	  (cars,	  scooters	  and	  bikes)	  charging	  sta5ons	  connected	  to	  the	  
VPS	  and	  managed	  in	  order	  to	  respect	  the	  VPS	  energy	  forecast	  

•  Analyzing	  biogas	  service	  sta5on	  for	  connected	  to	  the	  VPS	  to	  increase	  the	  
op5ons	  for	  control,	  regula5on	  and	  storage	  

•  Analyzing	  new	  smart	  services	  for	  the	  sustainable	  mobility	  implemented	  by	  
Euroimpresa.	  

•  Implemen5ng	  and	  connec5ng	  the	  exis5ng	  VPS	  

Autonomous	  Region	  of	  Valle	  d'Aosta	  (Aosta,	  Italy)	  

•  Analyzing	  the	  impact	  of	  electric	  mobility	  and	  sta5onary	  storage	  on	  the	  energy	  
system,	  with	  regards	  to	  the	  possibili5es,	  offered	  by	  these	  technologies,	  to	  
bemer	  integrate	  in	  the	  grid	  

•  Assessing	  the	  effects	  on	  the	  regional	  energy	  system	  and	  on	  the	  electricity	  
distribu5on	  network,	  in	  different	  scenarios	  of	  technologies	  development	  and	  
deployment	  and	  with	  par5cular	  emphasis	  given	  to	  the	  expected	  increasing	  
diffusion	  of	  electric	  vehicles	  



Euroimpresa	  Legnano	  s.c.r.l.	  	  (Lombardy,	  Italy)	  

•  Implemen5ng	  an	  experimental	  small	  smart	  grid	  into	  "Tecnocity	  
Altomilanese”,	  	  a	  group	  of	  buildings,	  dedicated	  to	  produc5ve	  ac5vi5es	  and	  
including	  offices,	  labs,	  sheds	  

• Monitoring	  the	  consump5on	  of	  the	  internal	  users,	  compared	  to	  the	  internal	  
energy	  produc5on	  

•  Developing	  a	  storage	  system	  (electrical	  vehicles	  and	  bamery	  storage)	  in	  order	  
to	  manage	  the	  energy	  drops	  and	  peaks	  

•  Promo5ng	  the	  dissemina5on	  of	  storage	  systems	  in	  the	  Altomilanese	  
Municipali5es.	  

University	  of	  Lugano,	  Advanced	  Learning	  Research	  Ins=tute	  (Ticino,	  
Switzerland)	  

•  Analyzing	  present	  industrial	  and	  academic	  state-‐of-‐the-‐art	  solu5ons	  for	  
efficient	  sta5onary	  and	  mobile	  storages	  integra5on	  in	  power	  systems	  

•  Defining	  system	  context,	  iden5fica5on	  of	  stakeholders	  and	  their	  
requirements	  

•  Crea5ng	  a	  reference	  model	  of	  the	  suppor5ng	  ICT	  infrastructure	  as	  a	  result	  of	  
itera5ve	  process	  of	  system	  engineering	  approach	  integra5ng	  research	  
findings	  and	  pilot	  best-‐prac5ces	  achievements	  

Guiding	  Ques=ons	  

• What	  are	  the	  threats	  to	  the	  future	  energy	  system	  in	  the	  Alpine	  Space?	  

• Which	  needs	  for	  short	  and	  long	  term	  storage	  will	  we	  face?	  

• Which	  storage	  technologies	  are	  and	  will	  be	  available?	  

• What	  can	  mobility	  systems	  contribute	  to	  the	  solu5on?	  

• What	  are	  the	  known	  restric5ons	  and	  benefits	  of	  using	  storage	  technologies	  in	  
the	  Alpine	  Space?	  (ie	  regional	  development,	  ecology,	  economy,	  acceptance	  etc.)	  

•  How	  can	  appropriate	  technologies	  be	  implemented	  today	  in	  various	  Alpine	  
frameworks	  (ie	  spa5ally,	  legally,	  poli5cally)	  ?	  

Assessment	  of	  Op=ons	  	  

Technology	   Market 
availability	  

Storage   
period	  

Storage 
 volume	  

Response  
time 

Local  
option	  

storage of energy before conversion (biogas) +++ days + medium +++ 

Power-to-Gas (methane in gas grid) o weeks +++ quick o 

Power-to-Gas (hydrogen in gas grid) o weeks + quick -- 

Power-to-Gas (hydrogen local) -- days - quick + 

chemical storage (zeolite etc.) + days o slow + 

compressed air storage + weeks o medium o 

pump storage (regional in AS) o days o quick ++ 

pump storage (Scandinavia etc.) + weeks ++ quick 

fly wheels (small-sized) +++ minutes -- very quick +++ 

fly wheels (large-sized) -- weeks o very quick o 

mobile batteries (electric vehicles) -- hours - very quick +++ 

stationary batteries o days - very quick +++ 

Nicht	  nur	  Windräder	  und	  PV-‐Anlagen	  

Quelle: 
Norbert Krzikala, BET 



Systemrelevanz	  von	  Flexibilitäten	  

Quelle: Norbert Krzikala, BET 

Studie:	  Energiespeicher	  für	  die	  Energiewende	  

•  Speicherbedarf	  erst	  ab	  EE	  >	  40	  %	  relevant	  

•  bis	  40	  %	  	  Ausgleich	  durch	  Flexibilität	  in	  der	  	  
Erzeugung	  (v.	  a.	  Biomasse-‐BHKW)	  und	  im	  Verbrauch	  

•  in	  näherer	  Zukune	  Speicher	  vorwiegend	  zur	  Einsatz-‐
op5mierung	  thermischer	  Kraewerke	  (CO2-‐Reduk5on!)	  

Spa=al	  requirements	  and	  solu=ons	   Storage	  in	  Building	  Elements	  

Energy	  Bunker	  Wilhelmsburg	  IBA	  Hamburg	   Energy	  Bunker	  Wilhelmsburg	  IBA	  Hamburg	  



Mein	  Haus	  ist	  meine	  Tankstelle	  –	  deutsches	  Forschungsprojekt	   ....	  a	  STORM	  is	  brewing	  

Smart	  Storage	  and	  Mobility	  	  

A	  model	  to	  develop	  holis5c	  solu5ons	  to	  increase	  regional	  RES	  

supply	  and	  balance	  through	  appropriate	  buffering	  means.	  

STORM	  Workflow	  

inves=gate	  future	  regional	  	  
genera=on	  and	  consump=on	  paderns	  

inves=gate	  storage	  needs	  and	  	  
assess	  regional	  storage	  poten=al	  

create	  a	  master	  plan	  for	  RES	  use	  	  
and	  storage	  un=l	  2030	  

develop	  a	  pilot	  installa=on	  to	  start	  
implementa=on	  of	  master	  plan	  

Work	  Process	  and	  Key	  Deliverables	  	  

Desk	  	  
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AlpStore	  Project	  Regions	  



Who	  shall	  use	  STORM?	  

• Local	  and	  regional	  power	  suppliers	  and	  grid	  operators	  

• Planning	  departments	  in	  local	  and	  regional	  administra5ons	  

•  Investors	  and	  regional	  business	  en55es	  

• Scien5fic	  ins5tutes	  

•  To	  show	  how	  with	  reliable	  energy	  provision	  for	  Alpine	  regions	  as	  amrac5ve	  
habitats,	  working	  spaces	  and	  recrea5onal	  sites.	  	  

•  To	  help	  develop	  holis5c	  solu5ons	  to	  regional	  RES	  supply	  and	  balance.	  
•  To	  test	  storage	  technologies	  in	  remote	  semlements	  (e.	  g.	  small	  villages	  Slovenia	  and	  
France)	  and	  combined	  business	  and	  living	  areas	  in	  metropolitan	  areas	  (e.	  g.	  	  
Euroimpresa	  in	  Legnano)	  can	  become	  self-‐contained	  energe5c	  cells	  on	  the	  grid.	  

•  To	  show	  how	  integra5ng	  mobility	  and	  energy	  supply	  enables	  the	  establishment	  of	  
entrepreneurial	  collec5ves	  managing	  local	  genera5on,	  storage	  and	  consump5on	  
cells.	  

•  To	  involve	  research	  and	  technology	  transfer	  ins5tu5ons	  and	  a	  large	  group	  of	  
observers	  as	  supporters	  for	  intelligent	  regional	  master	  plans	  and	  implementa5on	  
concepts.	  

AlpStore	  Goals	  

Energy	  Pathways	  and	  Storage	   Sta=onary	  and	  Mobile	  Baderies	  

•  Smart	  Homes	  

•  Smart	  Factories	  

•  Smart	  Mobility	  

•  Smart	  Grids	  

My	  Home	  –	  My	  Energy	  System?	  

•  grid	  parity	  of	  PV	  

•  decentral	  energy	  management	  

•  energy	  autarky	  

Smart	  Buildings	  on	  Smart	  Grids	  



AlpStore	  Oberallgäu:	  PV-‐Storeplus	  Haus	  

SolarPuffer 

AlpStore	  Oberallgäu:	  PV-Storeplus E-Bike	  

SolarPuffer 

Electric	  Mobility	  	  

   G2V"
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Second	  Live	  Baderies	  from	  Electric	  Vehicles	  	  
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electric	  vehicle	  bameries	  

sta5onary	  bameries:	  

•  home	  solu5ons	  

•  E-‐bike	  charge	  spots	  

Wildpoldsried:	  the	  2020	  village	  in	  the	  Allgäu	  

•  2.500	  people	  

•  2.500	  cows	  

•  9	  windmills,	  biogas	  plant,	  25.000	  m²	  PV	  	  

•  50	  full	  electric	  vehicles	  
•  controllable	  substa5on	  

•  138	  kWh	  bamery	  (for	  grid	  management)	  

•  180	  PMUs	  

Pump	  Stores	  and	  Hydropower	  

•  Local	  balancing	  of	  renewable	  
genera5on	  

•  Transna5onal	  solu5ons	  
•  Compa5bility	  with	  nature	  and	  

tourism	  aspects	  



Hydro	  power	  meets	  urban	  design	  (Kempten)	  

Wasserkraft und Kunst 

Decentralized	  steering	  
structures	  consis5ng	  of	  
object	  agents,	  grid	  agents	  
and	  market	  agents	  

Dezentralised	  Systems	  for	  a	  Secure	  Supply	  

Biogas	  

•  Balancing	  fluctua5ng	  genera5on	  
with	  biogas	  CHPs?	  

•  Op5mal	  capacity	  of	  gas	  store?	  

•  Addi5onal	  heat	  store?	  
•  Raw	  biogas	  for	  hea5ng?	  
•  Biogas	  in	  vehicles?	  

Power	  to	  Gas:	  Hydrogen	  and	  Methane	  

electricity H2 CO2 

O2 

CH4 

H2O 
+	  

+	   >	  

Gas	  Storage	  

Electricity	  

Mobility	  

Heat	  

Products	  



Compressed	  Air	  

•  Availability	  of	  technology?	  

•  Storage	  in	  salt	  dome	  caverns?	  

•  Flexibility	  of	  compressed	  air	  in	  produc5on	  
facili5es?	  

STORM	  Guidance	  for	  Investors	  (draj)	  

•  Con5nue	  installing	  RE	  and	  don’t	  wait	  for	  bemer	  storage	  systems.	  

•  In	  Germany,	  make	  use	  of	  the	  federal	  support	  programme	  for	  bamery	  systems.	  

•  Complement	  new	  biogas	  plants	  with	  up-‐grading	  facili5es.	  	  

•  Complement	  exis5ng	  biogas	  plants	  with	  further	  CHP	  and	  extended	  biogas	  
storage	  tanks,	  operate	  the	  plants	  in	  a	  flexible	  mode	  and	  sell	  the	  electricity	  via	  
an	  aggregator.	  

STORM	  Guidance	  for	  Regional	  Energy	  U=li=es	  	  (draj)	  

•  Invest	  yourself	  in	  renewable	  electricity	  genera5on.	  

•  Op5mise	  the	  installa5on	  of	  new	  genera5on	  facili5es	  in	  pamern	  with	  the	  
grid	  extension.	  

•  Invest	  in	  pilot	  storage	  facili5es	  to	  gain	  experience	  with	  different	  storage	  
technologies.	  

•  Develop	  new	  service	  op5ons	  and	  business	  models	  to	  manage	  smart	  
buildings	  and	  factories.	  

•  Par5cipate	  in	  projects	  to	  gain	  a	  bemer	  understanding	  of	  connec5ng	  
intelligent	  objects	  and	  vehicles	  to	  the	  distribu5on	  grid,	  using	  their	  
flexibility	  poten5als.	  

•  Support	  the	  development	  of	  a	  new	  design	  of	  the	  energy	  market.	  	  

STORM	  Guidance	  for	  Regional	  Authori=es	  	  (draj)	  

•  Establish	  an	  integrated	  regional	  energy	  development	  
plan	  for	  genera5on,	  energy	  saving,	  demand	  side	  	  
management	  and	  storage.	  

• Mo5vate	  ci5zens	  and	  companies	  to	  invest	  in	  
energe5c	  refurbishment	  of	  buildings	  and	  use	  of	  renewable	  energy.	  	  

•  Support	  established	  enterprises	  and	  startup	  companies	  to	  develop	  and	  install	  
intelligent	  solu5ons	  in	  residen5al	  and	  business	  buildings.	  

•  Foster	  the	  development	  of	  sustainable	  mobility	  	  
pamerns	  including	  gas	  or	  electricity	  driven	  vehicles.	  

•  Allow	  for	  storage	  technology	  when	  it	  contributes	  balancing	  services	  	  
for	  the	  op5mal	  opera5on	  of	  the	  local	  supply	  and	  consump5on	  system.	  
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