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Why discussing storage on the grid?

.

Our electricity supply — is it a bone?

Role of demand response / demand side management and its limitations
Alternatives with high storage capacities

Are large interconnected systems an alternative for energy storage?

Conclusions
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Motivation: e.g. Wind parks in Germz

> All technologies for a change to a
sustainable energy supply already exist!

"How to integrate all the wind (and solar)
energy into our grids?

> What to do when there is no wind?
> What to do when there is too much wind?

What are the questions to
answer?
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Questions to answer

© Power Balancing
> Primary Control Power
» Secondary Control Power
© to react on deviations between
forecasts and reality in
consumption and wind power
generation

° Energy Balancing
> in times of low / high wind load

periods

> The answer has a lot to do with
energy storage!
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Our Electricity Supply System - it's a Bone

Coal —» Coal Storage ]
Production
Coal Transport P‘l_llmdaid
Natural Gas v / y
Productipn Coal Dump ,
Desulfurization,
COZ—Sepiaration
Gas : : : _
Distribtion, — Asse: |‘ve got incontinence. And that with a -
%€ @& = half-live of 24,000 years.  _
. - — s
Oil Tank o C : @ :
Refinery
*
Oil Pipelines,
Oil Tanker
oil Fuel Element
Production Stora%e
Storage — Fuel Element
g\w
Uraniu —Uran- — Enrichment

m ore 235
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Our Electricity Supply System - it's a Bone
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v Pum¢ed COld .
' Hyd/o Applications
v / _ Heat Applications
' Compressed Air
i Storage

Storage Heating

Circulation Pumps

HVAC - systems

Compressed Air in
Industry

CHP with Heat Storage

Heat Pumps with Heat
Storage
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Our Electricity Supply System - it's a Bone

- /
' Pumded Cold
v Hyd/o Applications
' ! . Heat Applications
! Compressed Air
v Storage |
Storage Heating
\ -
. - Circulation Pumps
Transmissio g
/ : ! , - 3 _
Distribution =] HVAC - systems
t o
Compressed Air in
Batteries Industry
*
Hydroggn ! CHP with Heat Storage
t Production alhd
Fly Wit8[&9e / Heat Pumps with Heat
e Capacitors [ Storage

Distributed in

SUperCO”d}‘Ct'“g Low Voltage Grids
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Smart Metering

M-Bus
MuUcC »
EN13757 . SML Protokoll

Keonvertierung QBIS-Kennzahlen

i Fachhuchschule Koln

Sekundar- Tertiar-
kommunikation kommunikation

Primar-
kommunikation

Wireless M-Bus B68 MHz

Option 1 , Data Collection
PLC | GPRS
i
Konzentrator nﬂ I 3
Option 2 Dcmca{:urrlml
Gaszahler Stromzéhler Muc GPRS ZEA. MDM Internetportal
(ggf. fur Einfamilienhauser Grid operator flir Kunden

mit Stromzahler kombiniert) Metering service

Abbildung 5.3: Beispiel fiir ein System, angelehnt an OMS [Quelle: DS&GiAde: DVGW

. brings communication infrastructure to every household (and

industry building)
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Power and Energy type according to German Ministry for

Environment Lead Study of 2009

Reqmred Residual Power & Energy in the BMU Lead Study (LS)

Required Residnal Energy in TWh
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B High peak
load demand

B Base load
fades out

B Strong
fluctuations of

surplus power
(40 GW)

Challenge: match surplus fluctuations with peak demand
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Large storage volumes N salt caverns
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Storage - really bad system

Energy Storage Options

liquefied hydrogen: 400% =

sompressed hydrogen: 312% =

—

Primary
renewable energy

Useful energy

compressed air: 156%
pumped water: 130% \» to the consumer

Lead acid batteries: 130% ——»
_ithium-ion batteries: 116% 100% =
super capacitors: 109% Ideal storage
(no losses)
Input Qutput

0%

Hydrogen is the least efficient and most expensive

of many options for storing renewable electricity

Rossal 081124 Berlin

Source: UIf Bossel
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Storage - but excellent energy

Comparison of Storage Capacities

8000

storage volume: 8 millions m?3

o 1]
SNTARAT A i

| I f1Y )
W i TR | NN

2000 | CA[:S j hydrogen
j‘l compressed and stored in a salt cavern

- pumped hydro | used in a combined cycle power station
o ;’ g N S

0 2 4 S] 8 10 12 14 16 18 20

Zeitin d
VWDE

8)
]
o
o

Wind Leistung in MW

Source: Kleimaier
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... and long-term storage has a lot to do with hydrogen!
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renewable production
according to mean
demand

balancing according to

————— time and place by

Energy Storage
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Renewable

Over Production
no storage

e.g. even with
worst wind condition
sufficient generation

capacity

Energy Storage
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Renewable
Over Production

grid extension
alone cannot be the
solution

time shifts are

possible

Grid Extension Energy Storage
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Grid Extension Energy Storage
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... when aiming for g

large interconnected 2782
electricity supply

T Wind
systems
€ Geothermal
® Hydropower
@ Blomass

O Solar
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Abbildung 5.14: 30-Tage—Mittelwerte der in den Szenarien be-
riicksichtigten potentiellen Stromerzeugung aus Windenergie in den

vier Nordseeanreiner—Regionen (Regionenzuordnung s. Abb. 21.1).

Source: Gregor Czisch
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A bbildung 5.15: 30-Tage DMittelwerte der in den Szenarien be-
riicksichtigten potentiellen Stromerzeugung aus Windenergie ausge-
wihlter auBereuropiischer Regionen und gemeinsamer Nutzung al-
ler Nordseeanrainer Regionen (1. 2. 5 und 6) sowie bei gleichver-
teilter Nutzung in den Regionen aller 7"Summenstandorte™ on— und
offshore 1imm Versorgungsgebiet (Regionenzuordnung s. Abb. 21.1).

Source: Gregor Czisch
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