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Direct marketing without a

market premium model

Direktvermarktung ohne Marktpramienmodell

2012 2013 2014 2015 2016
1,6

14
1,2
1,0
0,8
0,6

0.4

Griinstromprivileg bis 2014 (Direktvermarktung zur Verringerung der EEG-Umlage) — Sonstige Direktvermarktung



H
>
O
HH
i

FIP. A—2 S 5 B
—T . =~ A\ ——
B T )L ¥ —KE
* FITRFRD b A Y OBEATHET /L F —HE
e
c HECHE. BERNZH - 7-
c TXILF—DODRF(LEEHLNT-
s FIPRFXDO KA Y OBAERBET R IIL ¥ —FHEE
=
« NEEBEEEDS AN K
e F—rU g vEFRROFE4LE _Jﬁ‘éIZ\JI/ﬂF
¢ EEG2017IC &L B A — 7 > 3 VHIEDARIZE
« KIEEEREE MBI TEHL

jj

dinl

(@

i




BAAREIRILF—KS ]\Hiﬁ
(L BR) O/ 258

c BHMROLE. EYDITRAEND (Flea) I
WERTEDHDOH
« ZEIEERDOAKEE A
. 75%__5’77;4 ABERBSREEIZ. EENLELOD
o NFHIRFEE m%é‘%&bﬂti‘ (7
T F o7 2
« ERDHEEBEE EkWh) i
#/EUT4
IS ST MEZ £ D

AW
o VPP (Virtual Power PIant) o)




2. N AV ICHBITAEAE
AJEE T R JILF — Dz
EYGIRORX(d



N A DB D

(1995%

= 320164 )

e 19954

o« KA VIZIZHI800D FKERT
« AR * BIK - KIDTE EDHRERBIFT
« KIFBREFTIDER

¢ 20164

]

« KA YEMRNIZ150F U EDFHEZXRE
¢ ZIINE L KIENRKE
o WNREDEBLIE R D 2R IENN

Pt 7

PANE 2N

=



ENERGIEWENDE MEANS DECENTRALIZATION

Energiewende increases need for aggregation

Decentralization means the world needs Virtual Power Plants

o,
M Renewables 4.9%
M Lignite
= Coal As the share of non-adjustable
renewables grows, the need for players
* Nuclear who can quickly and flexibly balance

W Gas their fluctuation grows, too.

M Various

2000: 1,000 renewable energy power plants A VPP provides energy security most efficiently:

v' It digitally aggregates the capacity of

2016: >1.5 million renewable energy power distributed units

plants
v controls them smartly

v and ensures that supply and demand are met
at all times.

Almost 50 % are owned by (groups of)
individuals!

Source:NXK(2017)
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PV Forecast

Example 1

Example 2
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Forecast PV Intraday Forecast PVLive = PV feed-in
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Energy Market Design

Energy Market Design

Market Design

P eescescescrseascnsessescesceccescdecescrscescescssescescsacesseserssascssssessscrssescesseserssasescsces N

Energy-Only-Markt

Tra?ding (0TC)
Derivatives Market Spot Market -«.  Spot Contracts
Futures Day-Ahead : Day-Ahead
Options Intraday Intraday

i-- Derivatives Market
Forwards

Options

Ancillary services

Control Reserve

Primary Reserve

Secondary Reserve

Tertiary Reserve

Reactive Power

Grid Reserve

Ability to carry out
black-start

Intervention through
TSO or BNetzA

Redispatch
Feed-In Management

Controlled brown out

Prohibition of
powering down

14
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Energy Market Design

Dealing deadlines at the various power exchanges

Time

Delivery Time (t0)

POWER EXCHANGE

OVER-THE-COUNTER
(0TC)

CONTROL RESERVE MARKET

Future Trading EEX

Until midnight of the
last day of previous
month (for the pro-
duct das ,Base of the
month®)

Mo-Fr., not on
weekends & holidays

Until 15 min before t0

Day-Ahead-Auction EXAA Day-Ahead-Auction

EPEX Spot

Until noon of the previous
the day auction

Until 10:12am of the
previous day

Products: hours & Products: hours & blocks

quarters of an hour

Mo-Fr., not on
weekends &holidays

All products are negotiated bilaterally

Primary Control Reserve
Until Tuesday 3pm

For Monday starting

at midnight

Time slice:
One week

Secondary Control Reserve

Until Wednesday 3pm
For Monday starting at midnight

Time slice:
Peak: Mo-Fr. 8am-8pm
Off peak: Mo-Fr. 8pm-8am, Sa., So. & holidays

Intraday-Auction
EPEX Spot

until 3pm of the
previous day

Intraday-Trading EPEX
Spot

Hour products:

From 3pm of the previous
day until 30 minutes
Bidding for quarters of before t0

an hour

Quarter of an hour
products:

from 4pm of the previous
day until 30 min before t0

Tertiary Control Reserve

Daily from 10am for the following day starting
at midnight

Exception: Friday until 10am

for Sa. So. &Mo. starting at midnight

Time slice:
Six 4-hour blocks per day

On holidays all control reserve products are not auctioned. Bidding is carried out on the day before.

Day-After-Trading

Ex post exchange of the balancing

Until 4pm of the following day

15
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MARKET PREMIUM MODEL

in Case of Flexible Power Plant

Market premium model compared to the fixed feed-in tariff

d by DSO
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Primarregelung (PRL) Sekundarregelung (SRL)
Reserve durch BKV
Minutenreserve (MRL)

=)}

5
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MR = Momentanreserve
BKV = Bilanzkreisverantwortlicher
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CONTROL RESERVE D1 =X

Make use of the aggregated flexibility to stabilize the grid

Delivery of Control Reserve

Pool

oMW

Unitl

Unit 2

— Target

Actual
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Performance of the balancing reserves market: prices in different market

segments
2013
20 8 19
15
z
= 10
B 7
5
0
<0 Primary Secondary Tertiary

Neon analysiz. Bazed on data from Bundesnetzagentur, Regelleistung.net, TSO
websites. Power (capacity) payments only.

Two years ago, secondary balancing was
more expensive than primary.

2015

€/MW-h

<0 Primary Secondary Tertiary

Neon analysis. Based on data from Bundesnetzagentur, Regelleistung net, TSO
websites. Power (capacity) payments only

In 2015, primary balancing was by far the

priciest product. Source: Lion Hirth, neon neue

energiedkonomik

Rena Kuwahata — Elia Grid International —Kyoto University — 04.2017

Slide 27
21
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Performance of the balancing reserves market: procured volume

Secondary and Tertiary ~ , Primary
5310
5000 00
4000 600
3000
g g 400
2000
200
1000
0 0 I T T T T T T T 1
<Oyl ‘08 '09 '10 '11 "12 '13 '14 '15 <oy 2008 09 10 11 12 13 14 15
Neon analysis. Based on data from Bundesnetzagentur, Regelleistung.net, TSO ’ .hco" analysis. Based on data from Bundesnetzagentur, Regelleistung.net, TSO
websites. Power (capacity) payments only webzites. Power (capacity) payments only.
The requirement for secondary and Primary reserve is set commonly by
tertiary balancing, determined by the European TSOs. (Includes 25 MW for CH
TSOs, declined further. and 35 MW for NL.) Source: Lion Hirth, neon neue
energiedkonomik
Rena Kuwahata — Elia Grid International —Kyoto University — 04.2017 Slide 28
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Durchschnittlicher Einsatz von Sekundarregelleistung in MW

Average use of secondary control performance in MW

360
345

2010

M positive SRL

negative SRL

184

2011

509

304

240

2012

264

166

2013

184

133

2014
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CHALLENGES TODAY

Energy Market for Flexibility

Development of demand for flexibility

TWh 2012 013 2014 2015
25
20

15

10

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

Time

M Calls for Control reserve M Trading volume intraday — Average feed-in of wind & PV

24
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Smart Power Production

INTRADAY TRADING: forecasting errors of wind and solar power influx cause fluctuating intraday prices

Tapping flexibility potentials by running an asset according to price signals pushed forward in intervals as short as 15 minutes

€/MWh
kW 116
3.700
3.200 96
2.700
76
2.200
56
1.700
1.200 - 36
700
16
200
0:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time
Operation of the asset  ----- Base —— Day-ahead price — Intraday average
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Price Spreads as Incentives for smarter Dispatch

Intraday profile with high wind feed-in & negative exchange prices (11. April 2014)

Production in MW
€/MWh

30.000 60

20.000 / 0
10.000 20
0 X_\ ‘ } ‘ ‘ 0
02:00 04:00 06:00 : H 18:00 20:00 22:00
-20
-40
-60

— Solar —— Wind Conventional energy —— Intraday average
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(VPP : Virtual Power Plant)
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WHAT IS A VPP?

Basic Idea: Deliver Flexibility to Energy Markets and Grid Operators

Virtual Power Plant

Grid Operator

|..

Energy Exchange

Demand for Flexibility

A\ 4

N

Delivery of Flexibility

Demand for Flexibility

WV

N

Delivery of Flexibility

31



VPP (Next Kraftwerkeft) DIz HfIE

: P P
Grid Operators ower Producers

S~ N > 100 kW
b \\k\%@ W 7
s
"NEXT
KRAFTWERKE W
Power Markets L’/’ ,?S \‘A Power Consumers

> 100,000 kWh

Asset-light like airbnb, uber, facebook. As a digital utility we operate a power plant without owning any power
plants! We are a platform for connecting independent producers & consumers to grid operators & markets.



WHERE DOES THE POWER COME FROM?

Assets in Germany

® Biogas PV ® Wind @ Hydropower  ® Emergency Power Generators @ Power Consumers

Total portfolio

NEXT

KRAFTWERKE

M Flexible Renewables
M Solar power

W DSM
Wind power



THE NEXT BIG THING WILL BE A LOT OF SMALL THINGS*

We are a digital aggregator of decentralized power producers & consumers through M2M communication

4,000 UNITS IN SIX FI—:} ”ﬁ\ *

COUNTRIES, OVER 2,700

MEGAWATTS sz . HEE gj

{}

LINKED VIA THE REMOTE o0 .((T))

CONTROL UNIT NEXT BOX =
NEXT BOX
CONTROLLED BY THE CENTRAL I
CONTROL SYSTEM |
;

*Thomas Lommee
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Technical requirements

Interfacing power plants is not a matter of simple plug & play

The Next Box is individually configured
for the type of unit: district heating, gas
or water storage, and any timetable
restrictions are programmed, so the unit
can always operate under optimal
conditions, technically and economically.

Next Box

Bidirectional connection between the
units and NXK control system.

Data communication takes place over
a GPRS connection, established via a
SIM card.

The data is encrypted directly in the
Next box.

At the access point, the SIM cards
must be authenticated so that they
can join the closed user group.

The SIM cards do not have any access
to the Internet, which makes data
transmission even more secure.

Once it is in our control system, the
data is decrypted.

35



TECHNICAL REQUIREMENTS

Interfacing power plants is not a matter of simple plug & play

INDIVIDUAL CONTROL INTERFACE

AT EACH STATION

. —= | ooo
L |

INTEGRATING
DECENTRALIZED STATIONS

> High variation of control
interfaces used

> No standardized interface
for connecting a power
plant

|'§\'((T))\

NEXT BOX |

ROLE OF THE NEXT-BOX

>

Standardized interface between
power plant & control system

Follows IT security regulations of
the transmission code

Defined protocol for connection
errors, etc ...

STANDARDIZED INTERFACE TO THE
VIRTUAL POWER PLANT

*
sum
*

CONTROL SYSTEM

v

v

Collector of all the information
transmitted via machine-to-
machine communication by the
Next Boxes and the electricity
system.

Through the central control
system, the units are controlled,
started up and shut down.

36



TECHNOLOGY

Redundant Server Pool

Server Server
Location Location
A B

TSO Control Room GPRS Provider
(Private User Groups)

Weather Forecasts

N
Power Markets :
N

User Information
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NEXT KRAFTWERKEs SERVICES

Management Premium
Control Reserve

Fixed feed-in tariff

SERVICES

> Optimized trading with
remote-controlled units
within the Market
Premium Model

Utilizing the full potential of flexibility

CONTROL RESERVE

> Stabilizing the grid and
keeping the grid
frequency at 50 Hertz

Produktion in MW €M

5200 ko
mm-\M-w
000+ o
2004 Lo

10.000 10

T T T 1T 1T T 17T T 1T T T
0130 0300 0430 06:00 07:30 0%:00 1030 1200 13:30 1500 16:30 18:00 1930 21:00 22:30

e 50031 s Wi Konveationelle Energie e Preis EPEX Spot

POWER TRADING

> (Short term) trading of
power to use the units’
flexibility profitably
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Smart Power Production

Peak load operation of a biogas unit - example

€/MWh Saturday Sunday Monday Tuesday Wednesday Thursday Friday kw

60,00 1600
50,00 1400

1200
40,00

1000
30,00 800
20,00 600

400
1000 | | = fo~N\N\ LB @ Q4 B EB&H I B A B | I " AFY E®E PR N

200

0,00 00

Time 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12 18

NV Price at EPEX Spot Feed-in
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DSM (Demand Side Management)

Smart Power Consumption

Load management with variable power rate

kW €/MWh
300 80
70
60
200
50
40
30
100
20
10
0 } * 0
0:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time

load profile before optimization I load profile after optimization =~ —— DE-EPEX Intraday 1/4h
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“The most damaglng phrase
in the language is "We've always
done it this way!"
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