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RES development in Germany

& ohertz

2000 | 2006

~ 30,000 plants ~ 221,000 plants > 1,600,000 plants
Solar PV @ Wind @ Biomass Area proportional to installed capacity

With the introduction of the Renewables Energy Law (EEG) in Germany

in 2000 the RES share started to grow massively

Source: 50Hertz, TenneT, Amprion, TransnetBW, Google Earth
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Energy balance in 2013 (Volumes in TWh)

acc. to Federal Statistical Office

2013 B 2030

Consumption Generation

[TWh] [TWh]

Consumption Generation
[TWh] [TWh]
NW 88,2 150,8

NE 49,0 105,5

MW 1701 129,5

ME 74,7 72,9

SW 88,0 497

SE 93,8 55,2

Southern Germany imported
' ~12 TWh electricity for industry, commerce
I and households in 2013.

- Consumption - Generation
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Directive2009/72/EC Article 23
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Decision-making powers regarding the connection of new power plant to the
transmission system

The transmission system operator shall not be entitled to refuse the
connection of a new power plant on the grounds of possible future
limitations to available network capacities, such as congestion in distant parts
of the transmission system. The transmission system operator shall supply
necessary information.

The transmission system operator shall not be entitled to refuse a new
connection point, on the ground that it will lead to additional costs linked
with necessary capacity increase of system elements in the close-up range to
the connection point.
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Directive2009/72/EC Article 40 Tasks of transmission system operators

1. Each transmission system operator shall be responsible for:

(a) ensuring the long-term ability of the system to meet reasonable demands for the
transmission of electricity, operating, maintaining and developing under economic
conditions secure, reliable and efficient transmission systems with due regard to the
environment, in close cooperation with neighbouring transmission system operators
and distribution system operators and transparency ;

(b)(c)E&

(d) managing electricity flows on the system, taking into account exchanges with other

interconnected systems.
Bidding Zones in Europe

Germany and Austria form a common
bidding zone, electricity can be traded
without any congestion costs.

Source: OFG
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Article 25 European network of transmission system operators for electricity

1. Transmission system operators shall cooperate at Union level through the ENTSO for Electricity, in order to
promote the completion and functioning of the internal market in electricity and cross-border trade and to ensure
the optimal management, coordinated operation and sound technical evolution of the European electricity

transmission network.

Article 26 Establishment of the ENTSO for Electricity

Article 27 Tasks of the ENTSO for Electricity

1. The ENTSO for Electricity may shall have the following tasks :
(a)B&(b) to adopt a non-binding Union-wide ten-year network development plan, every two years;

TVIRFv N\ TIE8ICERL TOLEE MR BT
@ 10FFTETIX., BiEEEDEE. Fi-TIREFEZERET 5, 20162FE T, LR,
IRILF—2A_FULRILDEEZEIEMN,
@ HERMIZIF T )y IREQARMNEEFZR AV ITITEHT,
Directive2009/72/EC Article 22 (20162 TlX51)
Network development and powers to make investment decisions

3.When elaborating the ten-year network development plan, the transmission system operator shall make reasonable
assumptions about the evolution of the generation, supply, energy storage, consumption and exchanges with other
countries, taking into account investment plans for regional and Union-wide networks.
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Flow-Based Capacity Definition

The fictional contract
path approach would
not work in theory!

An Evolution of Transmission Capacity Definitions
ZHEDEBIL—F EFR D Fik IN, OUTDF#5

Contract Path —— Link-Based Paths —— Point-to-Point

——

FERCDPoint to PointMZ& X 5
(F. EERITIEELT (TR
BT+ TPricingg 5 &E TH
2751411+, Flow-based

Contract Path Fiction Parallel Flows Flows Implicit pr iCi ng:b*“,io) |:|:| ':ﬁaﬁ

Interface Capacity Too Many Links Simultaneous A,Ti -'E, 0)0
Varies with Conditions To Acquire Capacity Feasibility

XE/\—/\—KKHogan: 19964

A contract path is simply a path that can be designated to form a single continuous
electrical path between the parties to an agreement. Because of the laws of physics,
it is unlikely that the actual power flow will follow that contract path. Flow-based
pricing or contracting would be designed to account for the actual power flows on a
transmission system. It would take into account the “unscheduled flows” that occur
under a contract path regime. (Order. 888 [il;¥)

* RROFRIEZNLEABNITRELZEBIL —FOAITTENDDITTIEALY,
* RERDFRIEIRFIMAXD ERTEICTHNDADITTIEELY, 20



7|:|—/§—Z0)E+§0)%7_{_75 KXE/N\—/N\—FKXKHogan: 19964

EEERE
AEE XMW ASCNDEH:2/3xX +1./3%xY
3Y B * *
”T Nﬁ BSCNDEH:2/3%Y +1./3%X

\ﬁx ASBOEN:1./3%X +1./3%Y

CEE DMW @A-B- cd)?&?ﬁ(«f‘zlf—@‘/z)lis A-CDBZED

T. MNSERITF 7
1/3} 2/3Y
D = X +Y

3X ODIZIZ. mADIL—FILBLERMNENIAD
BXEE YMW

A—BiXEEuwesr—=B—CiEBEhuwersr—=A—CEEENwesrn ERE

Q@ASCIZDAMLTI=KEL . ERIZIZASB-SCODIL—FTEHERNTLES,
QOASCHEEBBRENDHTCIZENSIHKRENINRESDITTIEALY,



ERBHINNRHIIBE DDIispatch =+ A, B, C, JUYFDORRD
MR TEROBAITTRNS,

AStE FBEXMW S5A/EH Y|
JEEETE \1800
I A->C:

150(
A—CEEHHE - MAX 600MW

900
CHRE DMW

BRE REEYMW 10A/EAH

A—CEEZBRHEDX /N TAH600MWDIZE

600=23%X + 1/3%Y -+ Y=1800—2X

D=X+Y --- Y=D—X

OFE 900D L. X+Y=900THNIE. A.BLHEIZEA. RERL\DIZLTA
MotEEIhdi568 © EFBRHPNGWNESLERELC
OEZE1300MW: 2 TBREMN SIS,

OZE=E1500MW:AHV 5300 (0-300) MW, BAHVi51200(1500-1200)MW ks h 5



HoganZF:
OF#HETIX. TUVYFICEHENIHoWI2EZRIIHEICKEEZSR
BONT. . ENLI L EBHETHNIATRRLEEAB X v/ \UT1ZIRIE
TA3EDIZIFTVIRF LA TR TR LTOILERIETIRENHY.
BRI DEEHFEZUVVHL TR THEET v/ I\ TAIXIBIETELLY,
SVATLALEDE TOMRERFICHFELEVLRY R EO NFE 4 DR
BORBEOF /I TAZBRT D EITTELL,
SEMZERSLTHxF N\ TAERBRT O LI TELLY,
=S>CDIOGEBUIN OB EENLOENDZEIZHEFT . [Contract Path |
[CEDEEBEXVvN\ITAZENLIELTHITEESET,

OZHE. ETDIIL—TIO-ERBELITEHE - FHNTIHILICLY . EEFYy
INOTAEFHLESEWNSEZADNH =L THLIMN., CNITFRFLZ L EERIE
EL. EFHROKRRLFLRZN LR EERT IR TRHALGEEILEZEELTIL—T IO
—3EOHTETDX YN\ TAZETORERBICDONWTTFHNT HEIE, AATEET
HAOZLTRHMT DL T,

OFZTEEIN=DH . Point-to-PointDEZ T THB,
Point-to-PointM&EZ F &AM ENSE, £ TOEEBFAEIZ.TINJENO
UT e A. B -HIf. BEZ2iRHse. JUyFefT—EICRARE
Bza0, 2ToaabheE s TUyFIZRIT Ao dHEFFIZH
DEFZEFICHIET L0580 THS. s



FERC:19964E(Z 15Proposed Principles for Capacity Reservation Tariffs J(RM96—11-
000, Washington DC, April 24, 1996, extract of pp. 20-25.)2E&HTL B,

2|2 € TDHPORs&EPODsIZETE, RBFIZT)YRIZIREDMETE T H1ELVSPoint-
to—PointD & 2 5 1% AR,

FERC's Fifteen Proposed Principles
A capacity reservation tariff might have terms and conditions very much like those for point-to-
point service in the Final Rule tariff. These would need to be modified to accommodate former
network service customers. It is premature to specify detailed terms and conditions of capacity
reservation service in advance of the comments and technical conference. However, we propose
certain general capacity reservation tariff principles for comment.

1. Purpose of reservation service

(B&)

2. Basic service concept

All firm transmission service would be reserved, and all reserved service would be firm

service. Reservations of transmission capacity should permit the customer to receive up to a
specific amount of power into the grid at specified [ ] and to deliver up to a specific
amount of power from the grid at specified [ ], on a firm basis

with each other. The customer's capacity reservation would be the

higher of either (1) the sum of the reservations at all PORs or (2) the sum of the reservations at all
PODs. All nominations for a capacity reservation would be evaluated using the same standard; for
example,

3.LITFRE
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2009 E U 811714 825 Definitions

‘congestion’ means a situation in which all requests from market participants
to trade between two bidding zones cannot be accommodated because they

would significantly affect the physical flows on network elements which
cannot accommodate those flows.

2009EU#RHI714 Article14

General principles of capacity allocation and congestion management

1. Network congestion problems shall be addressed with non-discriminatory
marketbased

solutions which give efficient economic signals to the market participants and
transmission system operators involved. Network congestion problems shall

referentially be solved with non-transaction based methods, i.e. methods that do
not involve a selection between the contracts of individual market participants.

25
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Trading at Nord Pool markets
Day-Ahead (Elspot) trading schedule

— During morning
— Approximately 10:00 CET
— 12:00 CET
— 12:00-12:42 CET
— 12:42 CET
— Approximately 12:51

— 14:00 CET

— Approximately 14:30 CET

Collateral reports sent to members

Publication of transmission capacities

Auction closes

Calculation of prices and flows

Publication of preliminary auction results
Publication of final auction results

Nord Pool Intraday market for the
following day opens (08:00 in Germany)

Invoice information available
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Day-Ahead prices are
determined simultaneously
across Europe

The Price Coupling of Regions (PRC) initiative now gw
enables the coupling of Day Ahead electricity markets
in 23 countries representing over 90% of European R

power consumption. v

[ Part of PCR initiative today

FRANCE

4 MMC ¢ ROMANIA

I Independent CROATA
BULGARIA
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— EUPHEMIA: EU + Pan-European Hybrid
Electricity Market Integration Algorithm

— |t maximizes the welfare of the solution:
* Most competitive price will arise
e Qverall welfare increases

* Efficient capacity allocation

— Utilized by six power exchanges (PX)
each operating several bidding areas:

« All bidding areas are matched at the
same time

* Each bidding area can obtain a different
price. Price must respect maximum and
minimum market price boundaries

Source: EUPHEMIA description and functioning, January 2016

Euphemia

‘ NO4 }-Lﬁ”.l SE1 }—«-\ ERI
- °o 2% =
¥ N

u:._'[ “1.':: 2% |

1 \_ A 4 juz
e NOS - NO3 SE2 Fl o EE J
v b ol o o I IR o I
|' ‘l u'_x? '/’-“_E:' !‘ '..‘MT
|
["no2 ‘—'m.l NO1 | ,{ SE3 __,_-—--"-’/ ,{ Lj_
} = — ¥ = \ us:;/ L= \" 1254
J '|‘ ux +
Nz [oxia _-__-'._./; {= l LRI ] I LRE ]
i 2% ! s s
| pa
1248 A4 A
lLKlW = ,{ sz|‘w{ | T
| uu'/ o \'ll-'“
|

1uw
G BE
| =
I Y J
1408 T‘A&‘:
GB1 |q T . Bsp
= ao0e P oy =
\13.3
‘l bt
0 FRAN sviz AUST SLov
” 2 L w
‘\ N s =
Y ~ 229
P 00 ES e NORD 1508 MFTV
u ! -
B3 o
1000
COAC CORS pd CNOR
L [ +1 [~




Multi-Regional Coupling Day-Ahead

Price calculation (Nordic)

DMR T
<) Nord Pool — DA D ) Eiinhamia
PMB Euphemia
Market parties: Nord Pool: PCR Matcher Broker: Euphemia:
* Capacities * Receives input from market * Is the user interface for * Matches demand and
e Allocation parties the coordinator supply in the different
constraints * Anonymizes block orders * Synchronizes data of all markets

e Orders « Aggregates supply and Power Exchanges (PXs) * Optimizes flows

demand curves

Validates and aggregates
network constraints

Performs portfolio allocation

Sends results to market
parties

Ensures that all
information is provided

Creates input data for
Euphemia

Reads output from

Euphemia and sends to PX

Calculates prices
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Article 22(Directive2009/72/EC)

Network development and powers to make investment decisions

Every year, transmission system operators shall submit to the regulatory authority a ten-year
network development plan based on existing and forecast supply and demand after having
consulted all the relevant stakeholders.

KXEDEEMNGS ) vRIEE

Order No. 890 (20074F)
- FREAE, NEFSFLECLTOBREFICEEBHEERE/OEX, B
REREA—T>. BRELEOENOTICEHEEE,

Order No. 1000 (20114F)
- NEERALEHOEBHEOEREES, BERAAHE. ER42 ) J0FED
B¢, Order No. 8I0DBEICR > THREAETFLEAETE.
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Approach to Strategic Grid Development and Market Modelling

Scenario Building

Basic data: Power plants,
RE, Consumption in
Germany and EU (...)

- LT renewables outlook

Setting the basic scenario
framework within the NEP-
process / Consultation

- Adoption of scenarios for
special purposes

|

Market Modelling

Setup of Data

Modelling of different
scenarios
Crosscheck of the
Modelling Output

Interfacing with the Grid
Modell

Network Analysis

Network analysis: Load
flow calculations (around
the year runs, special
situations)

Contingency Analysis
short circuit calculations,
stability calculations, etc.

Redispatch
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