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Old markets, new markets and new market
modells fur Energy Storage

|deas derived from technical
requirements



Institut fir.Elektrische
——Energietechnik

e tTiRochschole k6 =

;ﬁr;wersuty of Applied Sciences @fo@i& "

4
Prof. Dr.-Ing. habil. Ingo Stadler" "

Storage Need

How much?
When, where and for what?
Storage as a competitor to gird extensions?

Storage Promotion, Storage Introduction

,Renewable Energy Sources Act” for Energy Storage?
Discriminating of Storage Technologies

Is there a need for storages to compete at markets? And at which
market?

Retrospect: Germany has immense storage capacities — but is
denying it
Establishment of strategic electricity reserves
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Tabelle A 1-11: Bruttostromerzeugungskapazitaten nach Energietragern 2008-2050, in GW (Szenarien | A bis IV A)

. Referenz Szenario | A Szenario 1A Szenario il A Szenario IV A On behalf of

| 2008 | 2040 12020 2030 2040 2050 | 2020 2030 2040 2050 |

Bruttoleistung, Absol te in GW

Kernkraft 2) 04|67 00 00 00 [121 40 00 00 )]|204 1221 00 00 |204 204 80 00 |204 204 156 26 governmental

Steinkohle 30,7 | 285 180 179 109(240 179 184 151|213 182 189 148|196 182 191 148 192 178 186 140
ccs 00 [00 00 25 49|00 15 46 107|000 18 51 104]|00 18 53 104|00 15 50 97 . H .

Braunkohle 24214 118 79 79 |214 118 62 07 |212 17 68 07 |210 114 63 07 210 114 62 06 Organ|sat|0ns
ccs 00 [00 00 10 70[00 00 04 06|00 00 05 06 |00 00 04 08 |00 00 03 05

Erdgas 257 | 244 457 445 415|224 367 257 201|163 265 274 220|160 186 218 225|166 191 167 221

Heizol 67 |07 04 01 00|07 04 01 00|07 04 01 00|07 04 01 00|07 04 01 00 Based on Only
andere Brennstoffe 4) A e AU 4 S RN € (ST % G N I DN ¢ IR " SO A L R ¢ A N O R ¢ I S f f

Erneuerbare Energien 391 | 876 975 1031 1064|900 1012 1089 1139| 9000 101,86 1108 1176|900 1016 1108 1176|876 975 1031 1064 ew rererence
Lauf und Speicherwasser 52 | 56 56 56 56|56 56 56 56|56 56 56 56 |56 56 56 56 |56 56 56 58

Wind onshore 239|333 337 352 364|333 337 352 364|333 337 352 364|233 337 352 364 333 337 352 364 days pe r yea r
Wind offshore 00 [ 76 126 152 17 [101 163 210 245|101 167 230 2825|101 167 230 2825| 76 126 152 17,0

Biomasse 35 | 57 80 60 60|57 60 60 60|57 60 60 60 |57 60 60 60 |57 60 60 60 . .
Photovotaik 60 [333 375 388 2390(2333 375 388 390|333 375 388 390|333 275 388 390|333 375 388 390 N d t
Geothermie 00 (03 04 06 07|03 04 06 07|03 04 06 07|03 04 06 07 |03 04 06 07 O consideration
andere ereuerbare Brennstoffe 5) 1.2 16 1.6 16 1.7 1.6 16 16 1.7 16 16 16 1.7 16 1.6 16 1.7 16 16 1.6 1.7 .

Insgesamt 156.3 | 1805 1850 1854 178,8] 181,9 1837 1711 1619] 1812 1821 1757 167,3 | 179,0 182,3 1780 167.8 | 176.7 1783 1722 157.9 Of grld

Bruttoleistung, Struktur in %

Kernkraft 2) 13037 00 00 00|67 22 00 00|13 66 00 00 |14 112 45 00 |16 115 90 17 b ttl k
Steinkohle 197 | 158 97 96 661|132 98 107 93|17 100 108 89 |109 100 107 88 [109 100 108 89 otlienecCks
ccs 00 (00 00 13 27|00 08 27 66|00 10 29 62|00 10 30 62 |00 08 29 62

Braunkohle 143 | 119 64 43 44|18 64 36 04 |17 64 37 04 |17 63 35 04 |119 64 36 04 N d 1
ccs 00 |00 00 05 39|00 00 02 03|00 00 03 04 |00 00 02 03|00 00 02 03 O consi eratlon

of energy storage

How much storage we need currently cannot be
answered!
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When do we need energy storage?

»  Currently we get the impression that storage need even decreases

»  Photovoltaics removes the business case for pumped hydro storages
’muss der Photovoltaik auf den Strompreis am 16. Juli 2011 Phnfnn

60.000 MW 90€
Photovoltaik B
50.000 Wind
[ Kohle / Atom / Gas / Biomasse 70€
wmm Spotmarktpreis
40.000 . 60f£

50€ &

uspunyspemoiy 000’L oid siaid
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Quellen: epexspot.com / transparency.eex.com / Grafik: PHOTON Europe GmbH

» This is more a temporary effect
» In future for sure energy storage need will drastically increase
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Renewable Generation (20%) and Consumption 2010 Germany

250

Red:
consumption 2010

200
Green:

wind + solar 2010
150

100

Elektrische Leistung [G\W]
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Renewable Generation (40%) and Consumption 2010 Germany

= Can storage be
justified with

5o 40% Wind and
Solar?
Hardly. At least

150 not with |deaIIy

complementary
conventional

Elektrische Leistung [GW]

100 power stations
So, not
- renewables but
(VLA 1 O S P UnﬂeXIb|e
conventional
power
S 5555 SNNNNTTT S EEEEEESSSSSGbb 555555555555 5 generation could
EEEES 2R RaEm=Emmm ST P SEEEECCSEEEEETEE
EEEE%%% ggwwwwﬂﬂﬂwwwﬂggg becomethe
3333 ey e it

reason for early
energy storage
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Renewable Generation (60%) and Consumption 2010 Germany

250

With 60%7?
More reasonable

200 Or will flexible
gas power
stations the
cheaper

‘ alternative?

150
NS

100 | H | H‘ _ \’ }I I‘ Jl

\

For sure not to
" N [minee store the last
JULRLARL AR AR EHNRRRIAS SR kilowatthour

(criticism of dena
[I-grid study)

Elektrische Leistung [GW]
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Renewable Generation (80%) and Consumption 2010 Germany

~ With 80%?
' No doubt

200

z

8 |
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250 .
»  Why 120%7?
| »  For efficiency reasons
200 ‘ pure renewable power
systems always have
= ‘ ‘ | over production
o
w % im » The cheaper
2 renewable
2 ‘ ’ ‘ | technologies become
|
3 the more advantagous
£ over production
w becomes vs. Energy
> storage
0 _ o o o o o T ———.——— o e e T T e T T
R R e s LT HHI
Lee BE880003323333 8
&3S zzzzo00a
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Sun is shining Calm, no wind
PV system operators charge their Society would require solar
storages electricity
With all costs for storages ... but that goes into the storages
With all losses for storages — old coal power stations are

reactivated — and that without any
requirement
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It is getting night
PV system operators start to

discharge their storages
With all costs for storages
With all losses of storages

i

.

o -
- -

- =
-

Sciences Eologhe=

Strong wind
Everybody could be supplied by wind power

... but PV operators electricity comes from
their storages

— Wind parkds will be shut down — and this
without any requirement
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Where and for What?: right and wrong balance areas

. The single house is definitely the wrong balance area
Similar arguments can be found for other small scaled balance areas
Is then Europe (including North Africa) a suitable balance area?

Pre-requisite would be a European grid a la DESERTEC

Then one could use thermal energy storages in solar thermal power stations placed in
North Africa

What is the value of energy storage in North Africa for Germany‘s security of poewr supply?

Many arguments lead to Germany as an appropriate balance areas — which
does not mean the absence of a European wide electricity exchange
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Energy Storage to overcome grid bottlenecks?

Are Grid Extension and
Energy Storage

competitors?




' ool T Institut firElektrische
w. Fachhochschule KgIn —_— et

Yﬁmversnty of Ap lied Sciences @iog"ﬁe- e . ==—Energietechn

f

-
Prof. Dr.-Ing. habil. Ingo Stadler'

Case Offshore-Wind power

Relatively easy:
Where is no gird — there must be one — else electricity remains where it is
Here, energy storage cannot help
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Energy Storage to overcome grid bottlenecks?
»  Case Onshore-Wind power (decentralized)
» Not that easy:

~ Does not need grid as close to power consumers?
~ But:in a restricted area wind power peaks occur at the same time

> Electricity Grid is
will be not
needed anymore
here or strong
elsewhere enough
Add a
big
battery

Quelle: hessen-energie

» As a consequence, also decentralized
wind power application requires grid
extension
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Energy Storage to overcome grid bottlenecks?

» Case Onshore-Wind power (decentralized)

» Not that easy:
» Does not need grid as close to power consumers?
» But: in a restricted area wind power peaks occur at the same time

. but W | e ST - Nota
electrlc : — | |

cars and J i
demand
side
manage-
ment

Quelle: hessen-energie

» As a consequence, also decentralized
wind power application requires grid
extension
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Energy Storage to overcome grid bottlenecks?

Photovoltaics is the only technlogy that does not need to create grid bottlenecks

PhD thesises of Scheffler (TU Chemnitz), work of Kerber (TU Munchen) and own
investigations in Cologne grid:

In urban grids and

In industrial areas

Almost no limitations for grid integration is existing for the installation of PV power plants
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Koln: Where are the 28 GW PV?
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Residential areas ...

.. and here grid restrictions are evident
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» ... and here grid restrictions are evident
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_ 100 % allowence for PV electricity
-+ Energy Planning But no compensation for switchin-off
during grid bottleneckts

50GW or even 70GW can be
integrated without any grid extension
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Are Grid Extension and
Energy Storage  «,, | .

l
competitors? Case D/\C"’e e |
e Sgt
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Renewable Energies and Storage ...

.. require different market introduction methods

Renewable Energies

Energy Storage

The more the better

The faster the better

Independent where, every kWh*

Independent wich kind of technology*

Storage increase system losses; only
as much as needed

So far we can do it without, ...

Place plays a role depending on the
storage task

Depending on storage task power,
capacity, storage duration, losses are
significant

*) at leiast during the introductionary phase. Is not any
more true when renewable energies play a major role in

energy supply
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Coal Production —» Coal Storage

Coal Transport
Natural Gas Production \

Coal Dump

Desulfurization,
COZ-Stiparation

Gas Distribution

S Storace S Asse: Ich habe Inkontlnenz Und das bel 24 OOO
g *§ Jahren Halbwertszeit. Da%2|eht sich.
Oil Tank & o =
/ A o 6)
Refinery .( © :
* 4
Oil Pipelines,
Oil Tanker
Qil Prgduction Fuel Element
Storage

T

Storage —> Fuel Element Production

‘ 

Uranium —» Uran-235 — Enrichment
ore

Quelle: stunksitzung.de
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Pumped Hydro

Compressed Air
Storage

~ uondwnsuon

Batteries

. Hydrogen Production
[ and Storage I
: Fly Wheels :
I Capacitors I

Superconducting Coil
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Unser Stromversorgungssystem — ein Knochen

Coal Production —» Coal Storage

Pumped Hydro Cold Applications

Heat Applications

Compressed Air
Storage

Storage Heating

Circulation Pumps

HVAC - systems

uondwnsuo)

Compressed Air in
Industry

CHP with Heat Storage

Heat Pumps with Heat
Storage
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100 %

80 % /i

60 %

Leistung bezogen auf
die Tageshochstleistung
©
3

40 %

00:00

06:00
12:00
18:00
00:00
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Introduction of storage
heating has been an early
smart grid

40 GW /320 GWh

A child with fantastic capacities must not be discriminated because of its ugly parents
(coal and nuclear)

This child can provide high value for the planned energy change
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More self-confidence of

storage community \ a\_\\’ S

(Capacity markets)
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Capacity Markets

The suitable market design for storage?

recently often demanded from conventional power generation industry for gas and coal
fired power stations

Example of capacity markets, Brazil:

Energy Planning Authority EPE plans national energy supply (completely missing in Germany)
Regulatory body ANEEL launches calls for (storage) power stations
Cheapest/best offer gets permission to build power station / storage

is @ mechanisms that funds ability to provide power and energy — and not only
kilowatthours

Energy storage in future will guarantee security of supply. There is no need (and no

sense) for storages to compete on a pure energy related market (similar to control
markets)

possible procedure:

A regulator determines necessary storage capacity (according to power, capacity, time frame and local
distribution requirements)
A call for storage need is announced

The price for different storage tasks is determined in competition amongst different solutions and suppliers

(technology open, no limitation for electricity-to-electricity storages, chances for biogas storages, demand side
management and thermal energy storages)
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For capacity markets, against spot markets

is volatility at spot markets high enougt, storages could establish also in this kind of

market
waiting long enough price differences will become large enough

this will lead to unnecessary high electricity prices as the price will be the same for all
power providers (and not only for storage units) — so-called windfall profits will be

generated

Capacity markets also for conventional power stations?

Why not? In the next decades there is a need for fast reacting conventional power
stations!

but only when those power stations are suitable to support energy change, meaning:

switching-on and switching-off in a reasonable time frame (and not only with better
controllability)

,Power-to-Gas ready” — even when operated in the next ten years with conventional
natural gas
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Long-Term Storage

Technologies:
Hydrogen
Renewable Methane

Characterized through:
Unique for long-term storage
Awful efficiencies

Consequences:

Absolute necessity for Germany's security of supply

Balance of time-related balance for production surpluses and production
deficites

(in case of an intercontinental transmission grid required for all kinds of
grid failures)

Long-term storage must not compete on any kind of
market
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Strategic Electricity Reserves
For oil based products in Germany the For electricity we need to have the
,Erdolbevorratungsverband (Association ,Elektrizitatsbevorratungsverband
for oil stockage)” exists since 1978 as a (Association for electricity stockage)*
reaction to the oil crises in 1973
Law for Qil reserves: ErddIBevG Law for electricity reserves: StromBevG
,Erdoélbevorratungsverband” has to keep the Association for electricity stockage
reserves of oil and oil products equivalent permanantly has to store electricity in
to the amount of imports of 90 days from of hydrogen or synthetically

Members of ,Erddlbevorratungsverband* produced methane, respectively, in an

is automatically who imports, produces amount.equivalen:c)to electricity
lets others produce Otto fuels, Diesel fuel, production of 90 (?) days.

[...] in an amount of at least 25 tons per members of the ,Association for
year. electricity stockage” is automatically who

produces or imports electricity out of
primary resources that cannot be stored
in an amount equivalent to 90 days
consumption in case the amount of
electricity generated or imported exceeds
1 (?) GWh per year.
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Renewable Generation (120%)
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Short-term < 1 Tag

Langzeitspeicher beladen
N | angzeitspeicher endladen
WP Demand
. KWK Demand
DSM-Potential

UberschuRausgleich

DSM-Potential
Defizitausgleich

Bedarf

Storage heating
Pumped hydro
Compressed air
E-Mobility
Batteries
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Renewable Generation (120%), short-term < 3 Tage

Januar

Langzeitspeicher beladen

N | angzeitspeicher endladen

WP Demand Compressed air
batteries
KWK Demand Storage heating

DSM-Potential
UberschuRausgleich

DSM-Potential
Defizitausgleich

Bedarf
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Renewable Generation (120%), Long-term > 5 Tage

Januar

Langzeitspeicher beladen hydrogen

Synthetic
Langzeitspeicher endladen Methane

WP Demand
I KWK Demand

DSM-Potential
UberschuRausgleich

DSM-Potential
Defizitausgleich

Bedarf
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Conclusion

Storage Need
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We will have tremendous storage need in future — in all time frames
Grids cannot replace storage — and storage not grids

Storage must guarantee system stability and not optimization of own

consumption — at least when it is done with public money

Energy planning is superior to arbitrary introduction of storages
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Conclusion

Storage promotion, Storage introduction
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Storages are/will be relevant for system stability and must not
compete at existing markets

Capacity markets are ideal for the introduction of storage (existing
capacity will be honoured and not the most frequent charging and
discharging of storages)

Future energy supply is not an electricity supply — electricity, heat
and transport are one system: no discrimination of not electricity-to-
electricity storage types

Long-term storage is of immense importance for security of supply —
Development of a strategic electricity reserve
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Thank you
for your attention



