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Conventional Power plants (fossil und nuclear) generate electricity depending
on the demand and feed into the high-voltage grid

Generation Voltage levels of the electricity grid
Feeding-In H6S (220 / 380 kV) (Europdisches Verbundnetz)
/ é 220/110 kv
N >300 MW
HS (60 - 110 kV)
Communication é
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Sources: AGEB (2012), BMWiBMU (2010), Rémer (2010)

November 21, 2012 CDTM 2012 3



LUDWIG-

LMU maximiLians- | Institut flr Information,
UNIVERSITAT . .
MONCHEN Organisation und Management

The feed-in of renewable energies into the distribution grid and increasing non-
controllable volatility of the generation leads to increasing strain in the grid
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UnregelmaRige Schwankungen [ 1 Stunde]

= At the moment, it is not possible to store a huge amount of electric energy in an economically efficient way. Thus,
the following equation needs to be fulfilled in every second: Generation = Consumption

= With heavily increasing volatility in electricy generation, the consumption needs to be adapted often and in a

significant way

= This is an enormous challenge for the energy supply industry

Image Source: Hart (1992)
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There are two approaches to handle volatility —
Besides the adjustment of the generation, it is possible to adjust the consumption

) . Power
Basic problem of volatility:

Independent fluctuation of
consumption and generation from
renewable energies

consumption-oriented
generation:

e.g., pumped-hydro,
batteries, e-mobility (with
feeding-back), ...

Power

generation-oriented
consumption:

e.g., demand side management,
flexible prices, virtual storage,
E-Mobility (intelligent
charging), microgrids, ...

Power
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There are two approaches to handle volatility — —
Besides the adjustment of the generation, it is possible to adjust the consumption

Power A
Basic problem of volatility: _
Independent fluctuation of Generation
consumption and generation from
renewable energies Consump-
>thf'l
Time
consumption-oriented Power A
generation: RN
‘ e.g., pumped-hydro, A .
batteries, e-mobility (with o
feeding-back), ... - _I = > Electricity .
-> Gas --i~> Heat —_—
| Time
- > Fuel
generation-oriented Power 4
consumption:
e.g., demand side management,
flexible prices, virtual storage,
E-Mobility (intelligent
charging), microgrids, ... >
Time

Power-lead hybrid grids: Conversion of electric energy in another grid-bound form of

energy (integrated coordination with the gas grid)
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ICT is a central part of most approaches to solve the challenges of future energy

systems

The energy system of the future will be a combination of many solution components

Smart metering
Flexible tariffs

Microgrids

Electric mobility
Virtual power plants

Decoupling of generators
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Battery systems

Power-to-Gas

Extension of power lines (cost-intensive)

Demand side management

Pumped-hydro (limited potential)

Interconnectedness and
coordination between all
solution components necessary

Network Controlability also necessary in
the distribution grid

f——

EENERGY Smart Grid

Coordination

Paradigm Shift: From demand-
oriented generation to
generation-oriented consuption

Huge challenges for the ICT industry
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The challenge for the ICT industry is to fulfill the numerous requirements

of the future energy grid

EENERGY Smart Grid = Energy system + Information and communication technologies

= Standardized interfaces

= Standardized compontents

= Data / privacy protection

= Reliability

= Availability

= Confidentiality

= Integrity

= QOpen data platform to enable new services
= Enabling of forcasting / prognosis services
= QOperating safety

requires

Coordination of a significantly bigger number of
actors in a complex energy system

IT-Security
Data transfer across company borders

Interoperability of components from diverse
manufacturers and companies

Scalability of systems
Real-time requirements
End-to-End QoS-Requirements

Services for authorization, authentication and finding
and access to resources
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Besides the challenges, the combination of ICT and the energy system offers

numerous new business opportunities

EENERGY Smart Grid = Energy system + Information and communication technologies

enables

Countless new innovative eEnergy Products and Services

=  Providing an overview of the customers energy .
consumption

= Combined energy storage systems
= Balancing energy via virtual power plants

= Recommendation services for new energy saving
devices

= Offering of special green tariffs

= Enabling customers to control their household
devices by smart phones

= Using storage systems for a variety of services

Storing wind energy when prices are low and feed
electricity back into the grid in times of low
production

Direct Marketing of power from small
photovoltaic power plants

»Intelligent” devices: automated control of
devices like heat pumps and refrigerators
depending on electricity prices

Recomending systems for tariffs
Using electric cars as mobile storages

November 21, 2012 CDTM 2012



LUDWIG-

LMU maximiLians- | Institut flr Information,
UNIVERSITAT . .
MUNCHEN Organisation und Management

In the near future ICT and flexible tariffs can increase the degree of storage utilizati
and thus the profitability of solar batteries for solar home systems

1. Business model example

State of charge Idea:
[kwh]
/T\ Summer (June) Do not only store solar energy, but as well cheap energy
8 l t I ‘ from the grid at times of overproduction as we will
6 have time variable electricity tariffs (EnWG).
4 |
2 Power State of Charge
. [%]
0 Time VaV PR 80
1 5 10 15 20 25 30 [days] N\ P
=5 p I e § ) 60
Stat i { i e
LU Max. power of storage | 7 ~_ | ! ,
[kwh] : £y
A . A 40
g Winter (December) AL/ .
4 - £ ool == Time
) ——NT—> |« HT pleNT
6:00 22:00
A ' | . ] ] Lk . N Store in Solar == Storein NT = Store out
0 T 11 L, L O O L T 2 Time .
— Generation = ----- Comsumption State of charge

1 5 10 15 20 25 30 [days]

Sources: Romer (2010), Roémer und Lerch (2010)
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Energy on the go — An ICT-based integrated energy accounting management
system provides customers with mobile access to energy everywhere
2. Business model example
N
fl energy on the go
h 4
___ custome — universal induction smart plug _, — energy
2 hot-spots for small device chargin ' owner i _;_ utility _‘
. i i S e
"l ___easy relocation i
S ; home check-in with energy account ﬁ -
== 9y === : electricity
[
mobile S ’ cash-flow
; ) e-plug parking :
e-society & — - — .| ubiquitous smart-charging stations gt e e e-account
user electricity device real-time
authentication unlock charging ] % billing
S —
\l € commission
fee

Source: Result of a CDTM Trend Seminar project/ For further information see CDTM Trend Report “Smart Grid Infrastructures”
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Partnerkraft — The mobile application as interface between customer and

operator of a virtual power plant
3. Business model example

Functions & Interactions

Wadhlen Sie eine Yorlage

Ganzen Tag blockieren O

Vormittag blockieren C)

P M R Ungenutat:
Wartung e o

TN
Neue Vorlage erstellen (~)

Ahbrechen [ .

= Using the calendar the customer adjusts the availability of the
generation plant that is part of a virtual power plant

= On the smart phone she always gets an overview of her
electricity production and her revenues

Source: Result of a CDTM Managing Product Development project

Core aspects

—> Profitability

- Transparency

- Ease of Use
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Griddle — A software solution for microgrids in office buildings that involves and

activates the employees
4. Business model example

Functions & Interactions

=  Push Notifications =  Visualization of the

=  Remote Control microgrid’s status quo

* Gaming-Elements via =  Pull Notifications

points and award system

High visability with large
= Transparency through displays
individual consumption

- Aktivitat & Motivation - Bewusst machen

Source: Result of a CDTM Managing Product Development project

Core aspects

—> Profitability

- Transparency

- Ease of Use
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Prototype concept — ICT is key in the implementation of the griddle business idea
4. Business model example

} \#T ) _,-" —!‘

g 2° Sensor S
4 /‘!\f* data
' storage

notifications
MicroGrid —_——
status
» Authentication
» User data

Data

- g storage i - Tt

lIIIII IIIII e
J |
’

Source: Result of a CDTM Managing Product Development project
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There is a wide variety of different storage technologies — But: the currently
installed capacity in the german electricity grid is very limited

5. Business model example

“To shift fully to renewables, Germany needs to
boost storage capacity by a factor of 500.”

(The Economist, 2011)
Storage capacity of

the natural gas

grid: “Konventionelle
Stromspeichermdglichkeiten
200 TWh , wie z.B. Pumpspeicher-

kraftwerke oder
Batteriel6sungen kénnen,
bezogen auf den
Installed storage Jahresverbrauch an Strom in
capacity of all der BRD, eine
pumped-hydro Stromproduktionsliicke nur
plants in Germany: im Minutenbereich
ausgleichen”
0,04 TWh

(Volk, 2011)

Hybrid grids: The storage capacity of the natural gas grid is a multiple of all currently
available storage capacities in the electricty grid

pirces: Economist (2011), Volk 2011, Sachverstandigenrat fir Umweltfragen (2010)
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There is a wide variety of different storage technologies — But: the currently
installed capacity in the german electricity grid is very limited
5. Business model example

Waste
heat

Combined
Cycle Plant

Low efficiency

36% = 60% |

36% @ POWER GENERA_'I_'ION X 75 _ 80 % tO H2
100% =—miCR STORAGE | 60 — 65 % to methane
100% 76% 0% 35-40 % to electricity

50 -60 % to CHP

Methanation

Electrolysis

Windturbine

- EE-Strom wird zur Primarenergie

Efficiency: Medium-Low
Investment: High
Storage capacity: Very high

Hybrid grids are especially interesting for long-term storage and in comparison to an
alternatively necessary shutdown of renewable energy power plants

Source: Jentsch, Sterner, Specht (2010) Image adapted from Jentsch, Sterner, Specht (2010)
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There is a wide variety of different storage technologies — But: the currently

installed capacity in the german electricity grid is very limited

5. Business model example

Peak-Shaving

PEAK

Strompreds.
[EMTNR] 4

EINSPEICHERUNG (Stromverbrauch)

OFF-PEAK

Zait [h]

o~ .
o o
' .
'
o o

Example from the
persepctive of an industry —
player as operator

S—

Image adapted from http://www.audi-balanced-mobility.de

 Target: Maximization of intertemporal arbitrage

« Storing in of low-priced electricity

e Storing out at situations of high electricity prices

« Exploiting as balancing energy seems more attractive

Because of the low PtG-efficiency the use of PtG-
storage (with current electricity prices) is from an
economic perspective not attractive.

. Wind energy Charging
Station
~ Electricity
%’ Grid Gasnetz
rL/’ Das e-gas wirdim dffentiichen Gasnera

d karn g auch Haushalte und [ndus
Energie aus erneuerbaren Oellen vers

Production (CO2-

-~ A - ‘p. Neutral)
i & - s
<y | =
| ) ' il
"'-i_\._r__ . " )
| ;s - i
Power-To-Gas ) \'& Gas-Station




maximiLians-| Institut far Information, MUNCHNER KREIS Lll ') il CDT
LMu UNIVERSITAT . . ( _‘ B+ T
moncHen | Organisation und Management

Conclusion

ICT will be an important part of the future energy grid

ICT and the energy sector have to fulfill n umerous complex requirements

Huge opportunities for countless new business models for smart grids

New business models need to be transparent and economical

New systems need interfaces with good usability

Users like to stay in control of their data and devices/facilities

Smart grids have to create benefits for all involved stakeholders

November 21, 2012 CDTM 2012
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Thank you for your attention
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