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The German Energy Storage Association (BVES]

e The BVES is the industrial association of German

energy storage companies that is open to all
technologies in the areas of electricity, heat and
mobility. [ ~ 200 Member Companies]

 We are a dialogue partner for politics,
administration, science and publicity. With
targeted lobbying at the interfaces of political
decision making we are trying to improve the
German regulation and policy framework.

* [n addition, the BVES monitors research and
development activities and informs members of
new results and developments.
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BVES - The German Energy Storage Association

An Excerpt of our Members
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Goals of the ,Energiewende’

GHG Emissions

|Share of Renewables 6006 | A

___Share of RE-Electricity 80%

Energy Consumption -50% (\ &

4+ Nuclear Phase-out by 2022

Source: Germany Trade and Invest
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Paris Agreement (COP 21)

Goal: Limiting global warming to 2° C

!

History

30 ¢ UN's estimate
if all Paris pledges

20 work perfectly

40

Impossibly
steep

crash
abatement
program
for

2°C

Necessary fora 2°C Scenario

0 after Paris pledges

Gt per Year of CO, Emissions

http://ClimateParis.org

1990 2000 2010 2020 2030 2040 2050

Source: www. http://climateparis.org
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- Limiting the Energiewende to the electricity sector is not sufficient !



4 Phases of the Energiewende: Step 2 +3 still to be done

El Ed E3 9 EX

1 - Basic technologies
development of RE

first expansion of RE
development of

phases of the
energy transition

2 — Systemic integration
flzdibilization, digitisatit
direct power usage,
evolution of & new

3 — Synthetic
high megative residual
|zrge-zcale electrolyses
synthetic fuels for

4 — Final defossilisation
gbolition of fossil energy
RE impiorts
conclusion of energy

A
who althy aibib, TR

Continuouws technological development and increasing energy efficiency

Integrated

Increasing coupling of the energy sectors ENEergy system
Quelle: Studie ,Energiesysteme der Zukunft“ (ESYS) — BVE S
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Main Challenge No.1 - The “Local Issue”

Energyintensive industry
sits mostly in the south of
Germany

ﬁ Task is, to bring wind-

energy (onshore and
offshore] from the
north to the south
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Main Challenge No.2 - The “System Issue”

The Fossil Age New Electrification Wave

| |

400 kv

110 kv

20/10 kv
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Main Challenge No.3 - The "Power Issue”

In an all electric world is POWER the essential task, not only energy.

The Fossil Age

p

New Electrification Wave

599

i~ oy~

ENERGY is sufficient. POWER is required!
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A basket full of technologies...
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Storage of Electricity L*= |

Storage of electrical energy

Super-conducting Magnetic
Energy Storage (SMES)
Super-capacitor

* Natrium-Sulphur
batteries(NaS-Cells)

* Lead acid batteries

* Redox-Flow batteries

* Lithium-lon batteries

Hydro pump storage
Compressed-air
storage (CAES)

Fly wheel



http://images.google.de/imgres?imgurl=http://farm3.static.flickr.com/2624/3704404831_8772fe3229.jpg&imgrefurl=http://www.flickr.com/photos/shanephelan/3704404831/&usg=__czcKIVM8XKMOhQCOKYvwG0NRfEw=&h=480&w=415&sz=39&hl=de&start=14&um=1&tbnid=Xmz-WsoK_wiUNM:&tbnh=129&tbnw=112&prev=/images?q=redox+Flow+Batteries&gbv=2&ndsp=20&hl=de&sa=N&um=1
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Thermal Storage A)l

Storage of sensible heat

* Hot-water accumulator
» Underground Thermal
Energy Storage (UTES)

» Phase change material
(PCM) PCM-device
* Slurries

» Adsorption-(zeolite) and
Absorption-storage (LiCl)

» Thermochemical
materials (TCM)
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Chemical Energy Storage “!

Production of hydrogen and storing of hydrogen.

» Hydrogen is the energy-richest power fuel (in relation to its inertia)
 Lossless long-time storage
 Production of electricity with fuel cell / H,-turbine




A basket full of applications...

STEIGERUNG DER ENERGIEEFFIZIENZ

Industrielle Prozesse

Abwarmenutzung
Rekuperation mechanischer Energie
Kraft-Warme-Kopplung

Gebaude

Heiz- und Kihlbedarf
Tag/Nacht-Ausgleich
Sommer/Winter-Ausgleich
Kraft-Warme-Kopplung
Erhéhung des Eigenverbrauchs

Mobilitat

Effizienter Antrieb
Rekuperation mechanischer Energie
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Power

The Application Defines the Storage

Energy Applications Power Applications

Power

Time Time

v

 The application defines the Storage-Technology

* The application and the local needs defines the

economic feasability BVES
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POWER

Energy Storage in the ,old”

GENERATION

POWER

TIME

| NP

GENERATION

TIME

N

#E-}

-»E-»

and the ,new” world of energy

LOAD

,\_/M\

TIMF

W

LOAD

NN

TIME

W

POWER

POWER

Optimizing
Energy
Generation

Optimizing
Demand &
Supply
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Relation of energy storage technologies and applications

= I

* The technical and economic requirements for the storage
facility are determined by the actual application of the
storage facility in the supply system.

* Therefore, an assessment of different storage
technologies (and a comparison) is only possible on the
basis of concrete applications.

« The application specifies technical requirements (form of
energy, storage capacity, reaction time, etc.).

* The application also determines the economic
environment (e.g. which energy prices can be applied,
what life cycle is achieved, etc.).
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Economic feasibility of storage
and , Benefit stacking”

BVES
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Economic feasibility of storage
and , Benefit stacking”

-

'=10.000 €/kWh
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Matrix Technologies/Applications
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Storage is an ideal tool...

. Optimization of N |
self-consumption = Positive/negative

% control energy

o Reactive power
compensation

Peak load
smoothing

Black-Start

capability «  Off-grid supply

Voltage control Shifting excess

energy to other

. Inertia reserve sectors
=  Back up energy

—BVES
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Residential Storage Market

Self consumption ~ 35 %

Self consumption ~ 70 %

BVES
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Until 2011: Market driven by Feed-in tariff
Since 2011: Market driven by own-consumption
Today: Optimized self-consumption with batteries

0,50 -
Prognosis
0,45 -

0,10 T T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

=== E|ectricity cost for PV * esssE|ectricity costs for PV+Battery ** ssssElectricity price for households (2.5-5 MWh/a)

* Model calculation for rooftop systems, based on 802 kWh/kWp (Frankfurt/Main), 100% financing, 6% interest rate, 20 year term, 2% p.a. O&M costs;

** based on 5,000 cycles, €2, 87% efficiency

Sources: Own calculation; System Prices: BSW 2015; Model Calculation: Deutsche Bank 2010; Electricity Prices 2007-2015: Eurostat 2015; Electricity Prices 2016-2020: own
estimate at 0.29ct/kWh.

© Germany Trade & Invest www.gtai.de
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Residential Storage Market in Germany

13

~180.000 home storage systems
(+50.000 in 2018)

New systems mostly bundle of
PV + storage unit

Major companies step into the market

~1.500.000 PV on rooftop
= huge retrofit-potential

—BVES
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Industrial Storage Market

Self consumption

Self consumption

+ UPS + PLS + Backup Power
+ no Diesel
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Peak Load Shaving Reduces Costs

Uberschreitung der SpRzeniast

Verursachung von Mehriosten bes

Uberschreitung der vereinbarten

Spitzeniast fur Jewells 1 Jahr
Vereinbarte Spitzendast

= Companies with an annual electricity consumption >
100,000 kWh receive an individual grid fee.
= The annual maximum load serves as an indicator

= Avoidance of peak loads saves costs over the entire year

BVES
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UPS - Uninteruptible Power Supply

Applications used e.g. in hospitals or sensitive production processes

BVES
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Industrial Storage Market in Germany

= ~ 1000 projects in Germany. (agriculture, multi-

family houses, industry, trade business)

= Subsidies in various federal states (e.g. North
Rhine-Westphalia, Thuringia).

= UPS, Backup Power & Peak-load management

= NEW: Combination of PV, Storage and E-mobility
(fast charging)

BVES
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Large Scale Storage Market

gl

Managing and balancing the grid:

50 Hz

-

- o

Inertia reserve
Control energy
Reactive power
Blackstart capability

—BVES
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Large Scale Storage:
Balancing the Grid

Verlauf der Netzfrequenz mit Selbstregeleffekt, PRL-, SRL- und MRL-Nachregelung

Verlauf der Netzfrequenz mit Selbstregeleffekt und Primarregelung

Netzfrequenz (Hz)

Verlauf der Netzfrequenz mit Selbstregeleffekt ohne Regelleistung

Regelleistung (MW)

=—BVES
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Large scale storage market

Hidden Champions of the
electricity system!

* Crucial for system stability

Source: Vattenfall e —— BVES
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Large Scale Storage Market

2017: 180 MW

Schwerin  Magdeburg

Fetio 15MW Lilon 1MW Li-on
Jardetund VEE, RES on WEMAG Fravenhofer IFF
Braderup 38 MW Li-lon : Dessau
2MW Hybrid Eneco, Mitsubishi Hamburg 0.5MW Li-lon
. Energiespeicher Nord ’ 2 MW Li-lon/2" Gress&Zapp/Pfenning
‘Wettringen Vattenfall
0.25 MW LI-lon
‘Westnetz GmbH Peliworm Alt Daber
Brunshilttel —_ 13MW P8
Wind to Gas, ads- 22MW Li-lon
Bremen Enel/Leclanche
15 MW Li-lon varel - 0L
Leclanehé/SWE i -lon
LMW i Loniis——F Qinous
€ Neuhardenberg
Fyontink SMW Lon Berlin
-lon :
Statkeatads-tec Hannover Upside/Plenning 1MW NaS, Li-lon
Bictefeld 15 MW Li-lon/2°¢ life — oA . fw”‘"h“‘ Younices
025 MWLI-on Enercity, Daimler A " Feldheim
Herdecke DM Mori = Leag oMW LL-len
& MWLI-lon o) 45-50 MW Li-lon Energiequelle | 4ngenreichenbach
RWE Linen Siemens 10 MW Li-fon
13MW Li-lon Bavizen Mitnetz, Upside
3 STEAG-Speicher__ Coulomb/Daimler et al 2,5 MW Lirlon
415 MW in NRW | Pienning Dresden
Brilon 2MW Li-lon
1.5MW Hybrid Chemnitz Drewag
Aachen RWE o 10 MW Li-lon
MW Hybrid Leipaig Fins
RWTH Aachen S MW LI-lon
BMW Wansiedel
Ludwigshaen SMW Li-lon
9 M:v Li-lon 3STEAG-Speicher P Pireimd SV Wunsiedel
3 15 MW i 0 MW LI-lon
415 MW in Saarland ‘F' e Nirnbery
Vilkdingen-Fenne 1 MW LI-lon 6 Standorte in
Heilaronn L en Gt O OstereenDeutschiand
ing
5 MW Li-lon 14 MW Lilon 100 MW Li-lon
L — 7 Moosham Smart Poer Luna Holding
1MW LI-ton " 0,25 MW Li-lon
SW Schwabisch Hall o Lion Varta Storage/KWH
Plenning Minchen
Bad Hindelar % 1 MW LI-lon
TMWLlon — Tussenhausen  Smart Power
ads-tec 200 kW Flow
LN
O Angekindigt/Bau/PQ @ InBetrieb
.
2018: ~ 320 MW - T~
- L]
—_—
I
e
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Battery Cell Prizes Li-lon

m [ -85 % since 2010]

300

200

Preis in Euro pro Kilowattstunde

100

2018*

lhre Daten visualisiert ;+_|+_+ +ableau © Statista 2019
+
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3 existing and fast growing markets
for storage technologies...

Current development:

W““i‘s * 1 New technologies
NE‘-"e 2 Storage goes system

o — . 3 Multi-use models

—BVES
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* 1 New technologies are arriving..

scaisoo o Ml

(-]

Power to Gas
Redox flow

Thermal
Storage

Super-
capacitors

Fly Wheel

SwW/m
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Power to Gas

Conversion of 1 MWh electricity into 50 Nm3 of biomethane for grid injection

& Electrochaea

BVES
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Redox Flow

The world's largest battery

EWE is an expert in large storage facilities, operating salt caverns for secure gas storage and future secure electricity storage in salt

domes under the low North German plain and in Brandenburg.

W\ EWE

Project: brine4dpower
“Green mega-battery for green energy”

Phase Facility Planned operating figures
: Test facility 1 10 - 20 KW

(above ground) 10 - 40 KWh

Test facility 2 100 - 500 kW
z (above ground)

Pilot facility
(underground cavern)q up to 700 MWh

=
&

+

Katholyt Salzkavernen Anolyt
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Supercapacitors

Up to 60 times the power density achieved by batteries

Terminal
Aluminum can

POSITIVE POLE
Separator

Carbon electrode -
Aluminum collector

NEGATIVE POLE

- Separator

T - Carbon electrode
Aluminum collector

i

7\_‘

NN

W

' U

¥
|
g_
i
‘

-

P
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Thermal Storage

Japan:
Storage of ice for air-conditioning.

P

S EEE
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« 2 Storage goes system...

 Combination of technologies
* Cross-sectoral integration

BVES
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Flexible Sector Coupling

Other R bl
EES = Electrical Energy Storage H;d:: :‘::ere >
CES = Chemical Energy Storage PV
TES = Thermal Energy Storage Wind
The integration of energy storage Electricity
technologies at the interfaces of E
energy sectors enables a ogs» QD
temporal disconnection between @,}" S,;a"\
supply and demand. Y o
Q°"‘
TES CES
Heat CES EES Mobility
Solar Thermal Energy
Geothermal Energy PV
Biomass Wind
Other Renewables Biomass

Other Renewables

BVES
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Combination of technologies and
Cross-Sectoral integration

Combination of technologies:
PV
battery storage
heat pump
electrical storage heating
EVs

electricity + heating + cooling

-> digitally controlled

> 90% of newly installed home storage
batteries including heatpump

BVES
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Combination of Technologies and
Cross-Sectoral Integration

PV + wind + biogas plant + Li-ion battery + heat storage = 100 % autarchy

Reduction of energy costs: 0,3 € cent/liter

BVES
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New trend in storage

Combination of storage technologies, combination of sectors

- .

EHMENSGRUPPE

Exemplary combination of sectors by
shipping company Gress + Zapp

EVcharging
stations

BVES
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Combination of Technologies and
Cross-Sectoral Integration

Bremen: Hybrid Power Plant ,HyRek" = 18 MW Li-lon battery + Power-to-Heat (PtH) + CHP

Provided Services World's first Power and Heat

Reserve (FCR) . . _
Surplus electricity of CHP Positive FCR: battery

converted to heat for the * Negative FCR: PtH
district heating system * Charging of the battery: CHP

-

—ooe

o s ow Erx—to

Im /e s »
Modern Sector Coupling at its best! BVES
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Current Trend

Combination of different (Storage)Technologies and Sectors s

.Microgrids in Remote / Off-Grid Areas” BRI

deb ()

ISLE OF EIGG w

ELECTRIC GRID

ENERGY SOURCES

Wind 24kW
Solar 55kW peak
3 x Hydro 110 kW

HIGH
VOLTAGE .—GD—. LOW
GRID VOLTAGE

SCOTLAND

‘Edinburgh\ v "4:‘3. \

GREAT

ENERGY STORAGE CENTER
BATTERIES 212kWh CAPACITY
ULTRACAPACITORS 90kW
FLYWHEEL 100kW

HYDRO

“KILDONNAN”
4 WIND 6kW
TURBINES
24kW

HYDRO “PIER”

6KW PV PANELS

50kwW
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Current Trend
Combination of different (Storage)Technologies and Sectors

.Microgrids in Remote / Off-Grid Areas”

sk (), ENERGY STORAGE CENTER

BATTERIES 212kWh CAPACITY
ULTRACAPACITORS 90kW
ISLE OF EIGG FLYWHEEL 100kW

ELECTRIC GRID

? e
HYDRO 0rag y
LAIG erg\l er\efg
ENERGY SOURCES 100KW . Of el e ble
1ntea@ 0 godk re° i,
Wind 24 he S\ sa \ ﬁ
o\ b\e, . al HYDRO
_‘han\ks _ {a e \5\.3“ ﬁ “KILDONNAN”
»‘_ec‘(\ _ 0 \ 4 WIND 3 d/_.:h
\\] \S P ;:JEVE\;/INES A AN A\
supP By ATATA
o C ===
HIGH PV PANELS
50kW
e O g3 i g

s
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Current Trend { G Project Smart
T . Region

Combination of different (Storage)Technologies and Sectors = ™ Pellworm
.Microgrids in Remote / Off-Grid Areas” g ». w i) eR L
g = __ "4 The projectis divided
S % into two test phases:

o
Ahrenst

wyn - The first test phase
from 2012 - 2015
focused on the
technical feasibility of
setting up and
operating large
batteries and
intelligent power grids.

Slad‘a
o

Wilhelmshaven Bremerhaven N

Die Nordseeinsel Pellworm wurde aufgrund ihrer ] Nordénhamo €D

geographischen Lage sowie der Erzeuger- undVer Hybridkraftwerk

braucherstruktur fiir das Projekt ausgewshit Bei 772 KW Wind /300 kW PV
einer Fldche von 37,44 kmv und ¢a.1.000 Einwohnern

betrégt der he |zh gieverb hca.
7 GWh. Demgegenliber ist die elektrische Ezeugung
mit rund 20 GWh deutlich gréfier und setzt sich aus-
schliefilich aus r rativen Quelien

wie Photovoitaik-, Windkraft- und Biogas-Anlagen'

220 Smart Meter®

11 PV-Haushaltsspeicher
5x%10,5 KW/ 6 %45 kW

Redox-Flow-Batterie
200 kW

Lithium-lonen-Batterie

- the second test phase
from 2015 - 2018
investigated the
economic viability of
large batteries in
various marketing
Leistungselektronik ty p es

fur die Lithium-lonen-Batterie

* Stand: 2014 BUNDESVERBAND
? Nur in der ersten Projektphase betrachtet ENERGIESPEICHER

38 Elektro-Speicherheizungen®
in 6 Haushalten
195 kW

Regelbare Ortsnetztransformatoren
800 kVA /630 kVA




New Trend in Storage

Utilities offer storage systems, storage devices get
interconnected, rental and leasing models are

developing

- Battery swarms are devioping, based on
established markets for balancing power

© LichtBlick SE

—BVES
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3 Multi-Use Models

Combination of applications = multi use solutions

Quarter storage, Swarm storage, Energy communities, Sharing communities, Block-Chain

caterva’'

caterva’

BVES
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Multi-Use Models

Combination of applications = multi use solutions

NEW + Additional application: FAST CHARGING INFRASTRUCTURE

BVES

BUNDESVERBAND
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Agenda

BVES - German Energy Storage Association
« German ,Energiewende” - Status Quo

* Applications of Energy Storage in Germany
* Regulatory framework

* (Conclusions

—BVES

BUNDESVERBAND
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Regulatory Framework - Lack of legal classification

/ Grid usage fee \

EEG surcharge
CHP surcharge
Offshore liability
The absurd situation 4 ™\ SUF\C&?FQG
of charging twice... Concession fee "
§19(2) Sf[rom NEV Concession fee
Interruptible loads § 19 NEV surcharge,
i ition of\\ UL P Interruptible loads
ed a definitl \ surcharge /
torage as ath colum® of the
o .
nergy S\/stem-—beS\desd
© gransport an

ation;
gener .
ConSUmpt\on

Source: BVES + DIHK, Faktenpapier Speicher, p. 11

BVES
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Regulatory Framework - No reward for reactivity

Energy storage has to pay fees when providing grid-supportive
Services, such as:

. . IREACTIVE Y
* |nertia reserve POWER
* voltage control [.. %5
* reactive power compensation % % §§
* services for re-dispatch L
* short circuit power I
* black-start capability Source: http:/fenarlux.com

- Energy storage: cost-effective and supports to reduce carbon
emissions
- Need for change towards a market-driven return BVES

BUNDESVERBAND
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Conclusions

* Energy storage = Swiss army knife

 Numerous applications in residential,
industrial and large scale applications are
in service and economically viable

« Multi-use of storage devices foster
efficiency and economic feasibility
o win-win situation for prosumers,
utilities and grid operators

* Cross sectoral integration offers a huge
potential of useful applications

* Regulation is still not suitable
 Energy storage is crucial to offer a

POWER-system and not only an
electricity-system

SN -y
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YOUR ENERGY
TO STORAGE.

Join the leading association focused on energy storage.

— BUNDESVERBAND
www.bves.de ENERGIESPEICHER

Federal Mini
ﬁ fﬂE{l]ll'h:l:IﬂTl'hh MATTELSTAND Faciliiar
nd Energy :3..|'E'.."-.-_~’L_- oHe . gclareon — BVE S

. BUNDESVERBAND
ENERGIESPEICHER




