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PHISICAL PROPERTY OF ENERGY STORAGE
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EUROPEAN GREEN DEAL STRATEGY interreg

PROSPECT2030

j: lindex 1590=100] / . ’___/
COy-23%  .._—
(in 2018) . ~—

2020

RES: 100%

CO,: climate neutrality

RES: 20%
(in 2018: 18,9%)

RES: 32%
*CO,: - 40%
EEff:+32,5%

* Through the EU ETS, Effort Sharing Regulation (Building,
transport, agriculture and waste) and Land use, forestry

regulation —
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BACKGROUND-SET PLAN CONSEQUENCES CNTan, cURES

PROSPECT2030
High Demand Situation

b 5 [ Pump load ] [ Pump storage ]

SET-Plan | 2020 2030 — = ——
Plant E,% B GW E, % P, GW 75
Wind 11 180 18 300 PV 50 s
3 125 14 665 -
Solar- 1,6* 1,8 55 4,6 H20, 1
L.S. 8,7 108 8,3 112 H20,S.S Medium generation — h

; from CHPs and renewable conventiona
166 1,1 e 161|§(i30mas%59 T]A(fji;l 300’8 BENCIaLer o0 [ il ]
5,3 190 Bio-CHP 18 185 [ Low Demand Situation ]
21 235 SUM 4914 ()57 38 b o [ Pump load | [ Pump storage ]
75,8 1542 : P

*) Import from Nord Africa

UCTE 2009: _ “Generation.
610 GW (Storage)

[Generation CHPs and RG |
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DEVELOPMENT OF RES |N GERMANY CENTRAL EUROPE &

Power (MW)

210

70

20
10

Plant Type

@ Hydro

) Solar

@) Biomass
@ Geothermal
@ Wwind

1990

O

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Hydro ''Solar ' Biomass ' Geothermal ' 'Wind
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BACKGROUND BALANCING DEMAND AND miterreg @

European Union

CENTRAL EUROPE g
S U P P LY PROSPECT2030

/_ Regelband — Control range

2 | Hochdr .kWa lagen, (jdealisjert)
: Yt e
; askraftwerk — .
2 |Peakload:| . -Hjgh Head Hyds t e\ ya o
8 4oL ' % Regelband
I TU rbine; " ! L i /_ Power control band
2 ........ - ll . . ’ .."--
g B S P o 1 1 ) Y I B oy S 229
B
3
ean |load: Hard coal PP,/ Oi
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BACKGROUND BALANCING DEMAND AND
SUPPLY FROM RES

Area of high share Area-2
wind power
.E Reduction of
> . | .
_E 4 Surplus T Interconzccted § & Thermal power
z supply d gri S5 < _/
g ———t g I' ‘\
| Export of S l\ -
- ot S’

§ Surplus supply -

v

= Hours

Area of high share Area-2
wind power
G P 2 Increasing ol
S A : Interconnected| £ 4 Thermal power
& Wind power erid >
L B '--(
— ® o 4
g " \‘ * g m
g { ) Export of = | N 4
- ™

E S 3 Surplus supply £

<
= Hours E Hours

O

Source: International Energy Agency
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BACKGROUND-EFFECT OF RES interreg

Samstag 26. Dez. 2009 Dienstag, 19.01.2010
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BACKGROUND-EFFECT OF RES

Eurogan e
ropean
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ENERGY STORAGE SYSTEMS witeriey
CLASSIFICATION

-

Flow Batteries Pumped
VRB ; Hydro

Hours

High Energy

| =
;93 :2 Super Capcitors (CAES, Compressad Alr Energy Siorage)
i~ "
e Pl
o< 2 :
=3 Lead Acid Batteries Hy
S NiCd Batteries
Satter ' Energy Management

Other Adv. Batteries |

Discharge Time at Rated Power

- | Seconds Minutes

Bridging Power

HighPower Fly Whesls

Power quality and UPS

|SMES, Supraconducted Magnenc Enargy S:orsge)

High Power Supercaps
1

kW 10kW 100kW 1MW  10MW 100MW 1 GW
System Power Ratings

>
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ENERGY STORAGE SYSTEMS,
CLASSIFICATION

miltCeIrecy

European Union
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Storage Main Advantages Disadvantages Power Energy
Technologies {relative) (Relative) Application | Application
Purmped High Capacity, Low Special Site . 3
Storage Cost Requirement Discharge period [h] . Peak shavmg
High Capacity, Low Special Site i
CAES Cost Requirement, . ! Load Ieve"mg
HesdiGasEusl + Bulk Energy Trading
Flow Batteries: High Capacity, Low Energy Density 10v0000 . Ime l.atlon Of
PSE Independent Power 0 . g
VR Rati 2 :
o AnLEnagyREngs intermittent renewables
= 1,0000 i ;
! '
Metal-Air Very High Energy Electric Charging is . ISIand g”d
Density Difficat — - |} | < @ TSGR $ 8090090909090 Teetssesssssssnessess
High Power & Energy Production Cost, -
Ha3 Densities, Safety Concerns . . 0'1000 ¢ Splnnlng [eserve
High Efficienc addressed in e
d C i + Blackstart capability
tifan High Power & Energy High Production 0,0100 ‘ Umme“up"ble
Densities, High Cost, . O
Efficiency Requires Special powersupply
Charging Circuit 00010
)
- High Power & Energy
Hizcel Densities, Efficiency . 0 + Flicker compensation
Other Advanced High Power & Energy High Production ' i
Batteries Densities, Cost . O 0'0001 : \ ; : ) : : : Vonam sag co"ec“on
High Effidency 0001 004 01 1 10 100 1000 10000
Py Low Capital Cost Limited Cycle Life
Lead-Acid .
when Desply &y O Power ratings [MW]
Discharged
Flywheels High Power Low Energy density . O . . .
Source: Storage Technology Comparison: Application
SMES, DSMES High Power Low Energy Density, from: NRCAN - “State of Technologies”, 2008
High Production .
Cost
E.C. Capacitors Long Cycle Life, Low Energy Density
High Efficiency . 0

Feasable but not quite
practical or economical

. Fully capable and O

reasonable

Source: Electricitystorage.org: “Technologies and
applications”. 2003
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ENERGY STORAGE SYSTEMS, TECHNICAL

PARAMETERS

Storage Type Power Discharge Efficiency (%) Lifetime

CAES 54 (Effye=1)"

(100-300 MW, | 15-400 MW | 2-24 hrs 76(Eff15=0.54)* 35 years

Underground) 88(Eff,=0.39)*

Pumped 250 MW

Hydro 21 GW 12 hrs 87 30 years

Li lon 5 MW 1o min to several | 99 (pc) 15 years

. i 10 sec to several | 75-80 (DC) )
Lead Acid 3-20 MW hrs 70-75 (AC) 4- 8 years
Mas 35 MW 8 hrs 80-85 (DC) 15 years
) 75-80 (DC)

VRB Flow Cell | 4 MW 4-8 hrs 63-68 (AC) 10 years

ZnBr Flow 40-100 kW, ) 75-80 (DC)

Cell 2 MW =l 60-70 (AC) LR

High Power 750- 15 sec to

Flywheel 1650 kW 15 min 93 20 years
Over 1500

ZEBRA <10 MW Up to 8 hrs 80-85 (DC) cycles
shown

Fe/CrFlow | jomw | 24hrs 50-65 20 years

Battery
a few

. 20 KW-

Zn/Air 10 MW 3-4 hrs 40-60 hundred
cycles

SMES 13MW | 1-3sec 90 >30,000
cycles

] 100 sec (MWh)
SMES**** ;g ﬂm 0.5-1h (100MWh) | 90 :33(3;}0
5-10 hr (GWh) Y
Uttra 10 MW Up to 30 sec 90 >300,000
capacitors cycles

Duration of

O

Total Capital

HmiltCIrcy
CENTRAL EUROPE e

PROSPECT2030

Cost (USD/kW)
*For CAES, the following efficiency
LI is usually used:
2700-3300
Upgrade:300% 1.00 kW h
4000-5000 N = 72330
—— |E .67
1740-2580 (3600) ff+0 €
1850-2150"** Where Eff is
2000-8200 * 1.0 for natural gas
* 0.54 for NGCC
2100-5600 « 0,385 for simple GT
3695-4313 ** Based on an interview for
manufactures
1500-2000*** “*Projected
****Estimated by RASMES
200-2500"* (Research Association of SMES,
Japan)
3000-5000***
380-490
700-2000
Source: |IEA
1500-2500
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ENERGY STORAGE SYSTEMS,
PUMPED HYDRO SYSTEMS

diterreg &

European Union

CENTRAL EURQOPE e

PROSPECT2030

rivn

Conducting tube

Pum p_:igbine A ’ Pump turbine

Upper reservoir

Lower reservoir

L8
Water

( p

I E‘I )

Conducting tube

Generator / Motor
475 MW / 438 MW

Pump / Turbine head
779 m/ 728 m

Speed
500 min

Runner diameter
45m

Commissioning
Dec. 1999

Source: Hitachi ltd, 2008

O

Pumped hydro systems are today the most widely
applied energy storage technology, with about 110 GW
installed worldwide. The pump-turbine is the key
device. In periods of discharging (usually during
daytime), the system generates power just like a
conventional hydropower plant. In periods of charging
(usually during night), water is pumped from a lower
reservoir to an upper reservoir. In some designs, a
single machine operates as a turbine and as a as pump;
in other cases, two separate machines are installed.

TAKING COOPERATION FORWARD 15




ENERGY STORAGE SYSTEMS,

PUMPED HYDRO SYSTEMS

zugefiuhrte elek-
trische Arbeit

Transformator

Motor

Pumpe

Rohrleitung

Gespeicherte
potentielle
Energie

Rohrleitung
89,5%-84%

Turbine
855%-74%

Generator

845%-71%
Transformator

84,5 %-70%

zurtickgewonnene
elektrische Arbeit

miltCeIrecy

European Union

CENTRAL EURQOPE e

PROSPECT2030

Pumped hydro systems are suitable for large capacity energy
storage, as described above, and have long lifetimes of over 40
years. Their efficiency is approximately 70% as shown in the
following equation.

Nror = [0.92 X 0.98 X 0.93][0.92 X 0.92 X 0.93] = 0.70

Nrot = MNc Na = [mﬂ?M (H_ﬁHp)] ["t”c (H_I?Ht)]

*n.: charging efficiency,

*ng: discharging efficiency,

*n,: pumping efficiency,

*n,: turbine efficiency,

*ny: motor efficiency of generator/motor,

*ng: generator efficiency of generator/motor,

*H: head, The difference in water elevation between the upper
and lower reservoirs

*AH,: loss head of water way in pumping operation,

*AH,: loss head of water way in turbine operation

TAKING COOPERATION FORWARD 16
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ENERGY STORAGE SYSTEMS, SEAWATER  literreg
PUMPED HYDRO SYSTEMS TR

8
_ | H: Head (m) r—
" Ty gravitational acceleration 9.8 (m/s2) ° o
%o 6
Z 5
o »]
L-17]
B
v
& 3
™
g
I
1
®
o 0%00 4% o
0 1 1 1 L 1
o o =] L= L= o o
w 0 =~ w0 o o -
(=} (=3} L=} (=) (=) (=3 o
- — — L) ™ o™
Year

Sources IEA, based on data Mc CQY, report 2008 (2008)

|
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ENERGY STORAGE SYSTEMS, SEA WATER ilerrey H

CENTRAL EUROPE &

PUMPED HYDRO SYSTEMS

0SSES DY 93% L0 937%

COSTS COMPARATION

Devices Conventional pumped hydro Seawater pumped hydro
Pump turbine 1.0 1.54
Generator motor 1.0

Main transformer and BOP 1.62

Total 3.62 4.16
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ENERGY STORAGE SYSTEMS COMPRESSED
AIR STORAGE SYSTEMS (CAES)

discharging

diLerreyg -

charging
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ENERGY STORAGE SYSTEMS COMPRESSED iterrey _m

AIR STORAGE SYSTEMS (AA-CAES)

|
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FLYWHEEL STORAGE SYSTEMS interreg

PROSPECT2030

Touchdown
Bearing

Motor Generator
Composite Rim Radial Magnetic
Bearing

|
Combination
Magnetic

Pesriniz Housing

Touchdown
Bearing

»
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FLYWHEEL STORAGE SYSTEMS, ENERGY
CONVERSION, FRICTION-LOSSES AND THERMAL !;gﬁﬁgg E

Development Fund

EFFECTS

Increase the
speed of the

« Rotor-Surrounding environment
=etaule sl ° Rotor bearing and its supports

flywheel losses
o
Q 7))
| B
& 2 e Losses transformed into heat = increase
O N “ . temperature flywheel

effect

» Heat is removed from the flywheel
« Vacuum containment and magnetic bear are used
« Cooling system may be used

e
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FLYWHEEL STORAGE SYSTEMS, miterreg @

European Union

CENTRAL EUROPE i
COMPONENTS: ROTOR90B0
0
Rotor ]
I
[ |
al R
Low speed (up ] High speed (up}
to ~10,000 to ~100,000
rpm) rpm)
1 1
[ | [ ]
B
Horizontal } Vertical shaft } Horizontal } Vertical shaft
shaft shaft

Low speed horizontal shaft flywheel.

: / Source: Satcom power system

High speed vertical shaft flywheel.
Source: Satcom power system




diterreg &

European Union

CENTRAL EUROPE g

PROSPECT2030

- by
TAKING COOPERATION FORWARD 24



ENERGY DENSITY

miterreg

CENTRAL EUROPE &k
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Energy storage technology | Energy density

Condensator
SMES

Li-ion Battery
Lead-acid battery
Hydrogen

Gasoline
Flywheel
CAES

10 kWh/m?
3 kWh/m?3
300 kWh/m?3
70 kWh/m?

400 kWh/m (@300 K,200
bar)

10.000 kWh/m3
20 kWh/m?3(@ 5000 rpm)
20 kWh/m?3 (@ 70 bar)

)
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