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Renewables share in gross electricity consumption
- 450 Overall target corridor
45 + = In 2025: between 40% and
B 45% RES-E
G 40 0 = In 2035: between 55% and
- 60% RES-E
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® Capacity additions
8§ i = Onshore wind and PV
8 : 2 500 MW (2.5 GW) per
g year each
& 15 17 = Bioenergy 100 MW per year
o 10 = Offshore wind 6.5 GW by
10,2 2020, 15 GW by 2030
96,2
0 Focus on Windand PV as

2000 2005 2010 2015 2020 2025  most cost-effective solutions




The new power market structures
A windy and sunny week in Germany - 2013
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Expansion of power generation from renewables
New structure of players & the need for coordinatio
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Fonds / Banks 72,900 MW
13% (2012)
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Spatial Distribution of Wind
in Germany

Totally installed Capacity: ~ 34.5 GW
Installed Capacity in 2013: ~ 2.5 GW

Generator Size Share on Installed
[MW] Capacity in 2013
<2 MW 34 %
2 MW - 2.49 MW 45.8 %
2.5 MW - 2.99 MW 35%
3 MW - 3.49 MW 35.3 %
> 3.5 MW 12 %

Source: Statistika 2014

Source: Fraunhofer IWES —
 Fraunhofer
10 IWES
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Extra high vﬂltage 280KV [ 220KV Int@mted Eum@an network
p 2207110 i 6 x

_ P - i Ke— 1
LX8 (9 24~ [ TS0
power plants > 300 MW industry 380/ 0
High Voltage 110 KV Q 20 - 300 MW , 220 kV
2 g: é ] 110KV / S Iexchange
| Wy i\
] % Py Ldﬁt&_
Indus
power plants 20 - 300 MW o MDWI"AW m 110 kV 0

Middle ".-"oltaﬂe 10— 30 kV ﬁ 1-100 MW
’ I MV /LV

| =d

\

exchange

power plants 200 kW - 20 MW industry & trade m
200 KW — 20 MW

Low \fﬂﬂage DI4 K\ f 50 — 2000 kW

< 50 - 1000 kW residential buildings & small business
< 50 - 200 kW

DSO
(20 kv)

Topic of the presentation: Integration of geothermal
electricity production in

Germany

department: Research & Innovation

author: Soren Reith
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Residual Load, Vertical load, Net Export in 50hertz, 20.Dec -31.Dec, 2011
Net Export in negative = Export.

Vertical Load in positive =

24.Dec — 26.D
e e load flow from TSO to DSO.

v

\
A j

'—v- " v"afx
1-1
s Wind Feed-in CJResidual Load
e—=\/ertical Load-Downstream(+) «=Actual Load-50htz
= Net Export (—)

Source: Calculated by 50hertz’s grid data Kennzahlen

Asami Takehama
Ritsumeikan University
Professor, Dr of Sociology




Network areas and ,layers“ in Germany EWENETZ
Transmission and Distribution

Transmission Layer Distribution Layer
DK

TenneT

2012/12/10 — The importance of the distribution level in the German Electricity System — EWE NETZ — Marcus Merkel
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EEEN 4 883 887
EHV 380/220kv BEEEEIE:I4) 483km 34, 797km

HV  110kv 90km 94, 932km 95, 022km

MV 10-30kv 532, 894km 532, 894km
LV 400v 1, 241, 361km 1, 241, 361km

BEERE 34, 404km (1. 1, 869, 670km( 98. 1, 904, 074km
8%) 2%)

(German Federal Network Agency Monitoring Report 2012 &Y4{ERK)
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Low vaoltage

Medium/ low voltage

| B Hydro
Mbedium voltage

M Biomass
High / medium voltage WiGases
B Gagthermal
High voltage
N'wind
Extra high' high woltage Solar
Extra high voltage
1% 20% 0% GG B0 100%

Figure 2: Relationship between Network Connection Level and Technology for Installations
Eligible under the 2008 Renewable Energy Act”

Table 1: General Rules for Selecting the Voltage Level of the Point of Common Coupling,

according to the Rated Power of Generation Plants Table 3: Overview of Voltage Levels in Germany
_ _
Rated power of the generation plant Voltage level of grid connection Mame(IEC Definition) Abbreviation Rated Voltage Fale
) . ) Extra-high voltage EHW 380 KV, 220 K\ | Transmission grid
Up to 30 kW Low-woltage grid withouwt verification High o 110 kY
1 ldtﬂﬂ:_‘
30 to 200 W Low- or medium-voltage grid 30 kY. 20 KV
0.15 to 20 MW Medium-voltage grid Medium voitage MY 15 KV, 10 kW Distribution grid
15 to 80 MW High-voltage grid P—— L 400V
20 to 400 MW Extra-high voltage grid

Source: Potentialemmitifung fiir den Ausbau der Wasserkrafinutzung in Deutschland, Bundesministerium fir Ummweelt, Naturschuz
und Reaktorsicherhal (BMLU), September 2010 [Capacily of hydro power in Germany, Sepdember 2010]
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April 29, 2011

Distributed  Generation

in Europe

Table 4: Most Frequently Used Options to Integrate Distributed Generation in Germany

Oiption

Direct connection

io a substation
Upgrade of grid
circuit comductors
Upgrade of upsiream
fransformer capacity

Reduction of the
grid circuit l2ngth

Relocation of the koop normnalhy-
open disconnect point

Sed point adjustment of transformer
automatic vohtage control (tap chamger)

Using reactive power capakbilities
of distributed generation plants

Construction of
a new substation

OXBRE=NEM. &

Grid overload

Critical voltage
wvarnation

Power guality
issuEes
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Section 5

Connection

(1) Gnid system operators shall immediately and as a priority connect installations generating

eleciricity from renewable energy sources and from mine gas to that point in their grid system (grid

connection point) which 1s suitable in terms of the voltage and which 1s at the shortest linear distance

from the location of the mstallation if no other grid system has a technically and economically more
favourable grid connection point. In the case of one or several installations with a total maximum
installed capacity of 30 kilowatts located on a plot of land which already has a connection to the
grid system, the grid connection point of this plot shall be deemed to be its most suitable connection

point.

(2) Installation operators shall be entitled to choose another grid connection point in this grid system

or in another grid system which 1s suitable with regard to the voltage.

(4) The obligation to connect the installation to the grid system shall also apply where the purchase

n

accordance with section 9.
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Section 8

Purchase, transmission and distribution

(1) Subject to section 1

and distribute the entire available quantity of electricity from renewable energy sources and from

mine gas. The obligation pursuant to the first sentence above and the obligations pursuant to
section 4(1) first sentence and (4) second sentence of the Combined Heat and Power Act shall

have the same priority.
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Section 9

Grid capacity expansion

(1) Upon the request of those interested in feeding in electricity, grid system operators shall

immediately optimise, strengthen and expand their grid systems in accordance with the best available

sources or from mine gas. This entitlement also exists as against

, provided

it is an upstream grid system with a maximum voltage of 110 kilovolts and this is necessary in

order to guarantee the purchase, transmission and distribution of the electricity.

(2) This obligation shall apply to all technical facilities required for operating the grid system and to
all connecting installations which are owned by or passing into the ownership of the grid system

operator.

(3) The grid system operator shall not be obliged to optimise, strengthen or expand his grid system if

this 1s economically unreasonable.
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Figure 18: Investment in and expenditure on TSO network infrastructure since 2007 (including cross-border

connections)
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report 2013



DSOD T )yKriE&E

Figure 19: Investments in and expenditure on network infrastructure (including metering/control devices and

communication infrastructure) by DSOs*®
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Figure 20: Network optimisation, reinforcement and expansion measures in accordance with section 9(1) of

the EEG.
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Figure 21: Overview of network optimisation and reinforcement measures applied under section 9(1) of the

EEG
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Section 11

Feed-in management

(1) Notwithstanding their obligation in accordance with section 9, grid system operators shall

be entitled, by way of exception, to assume technical control over installations and CHP

installations connected directly or indirectly to their grid system which have a facility to reduce

output by remote means in the event of grid overload within the meaning of section 6(1) no. 1,

(2) no. 1 or no. 2(a) where:

1. a grid bottleneck would otherwise arise in the respective grid system area, including the

upstream grid;

2. priority is given to electricity generated from renewable energy sources, mine gas and

combined heat and power generation, unless other installations generating electricity

must remain connected to the grid system in order to guarantee the safety and reliability

of the electricity supply system; and

3. they have called up the available data on the current feed-in situation in the relevant

region of the grid system.
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Section 14

Capacity expansion

The grid system operator shall bear the costs of optimising, strengthening and expanding the grid

sys‘rem.
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COM/2011/0885 final

[Energy Roadmap 2050 ]
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OVERVIEW OF SCENARIOS (12}bf

- Reference scenario. The reference scenario includes current trends and long-term projections on economic development (gross domestic
product (GDP) growth 1.7 % pa). The scenario includes policies adopted by March 2010, including the 2020 targets for renewable energy
sources (RES) share and greenhouse gas (GHG) reductions as well as the emissions trading scheme (ETS) directive. For the analysis,
several sensitivities with lower and higher GDP growth rates and lower and higher energy import prices were analysed.

- Current policy initiatives (CPI). This scenario updates measures adopted, e.g. after the Fukushima events following the natural disasters
in Japan, and being proposed as in the Energy 2020 strategy; the scenario also includes proposed actions concerning the ‘Energy
efficiency plan’ and the new ‘Energy taxation directive’.

- High energy efficiency. Political commitment to very high energy savings; it includes e.g. more stringent minimum requirements for
appliances and new buildings; high renovation rates of existing buildings; establishment of energy savings obligations on energy utilities.
This leads to a decrease in energy demand of 41 % by 2050 as compared to the peaks in 2005-06.

- Diversified supply technologies. No technology is preferred; all energy sources can compete on a market basis with no specific support
measures. Decarbonisation is driven by carbon pricing assuming public acceptance of both nuclear and carbon capture and storage (CCS).

- High renewable energy sources (RES). Strong support measures for RES leading to a very high share of RES in gross final energy
consumption (75 9% in 2050) and a share of RES in electricity consumption reaching 97 %.

- Delayed CCS. Similar to the diversified supply technologies scenario but assuming that CCS is delayed, leading to higher shares for
nuclear energy with decarbonisation driven by carbon prices rather than technology push.

- Low nuclear. Similar to the diversified supply technologies scenario but assuming that no new nuclear (besides reactors currently
under construction) is being built resulting in a higher penetration of CCS (around 32 % in power generation).
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Figure 22: Total Primary Energy in 2050, by fuel
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Figure 23: Range of Fuel Shares in Primary Energy in 2050 compared with 2009 outcoine
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Euro'05 Transmission Grid investment (bEUR)
2011- 2021- 2031- 2041- 2011-
2020 2030 2040 2050 2050
Reference 47.9 52.2 53.5 52.0 205.7
CPI 47.1 49.6 64.8 66.6 228.2
Energy Efficiency 49.0 63.1 80.3 80.1 272.5
Diversified supply
technologies 52.8 70.2 88.0 86.8 297.8
High RES 52.¢ 95.5 137.8 134.4 4204
Delaved CCS 52.7 71.0 88.6 87.6 2999
Low nuclear 52.9 73.8 95.2 94 8 316.6
Euro’05 Distribution Grid investment (bEUR
2011- 2021- 2031- 2041- 2011-
2020 2030 2040 2050 2050
Reference 243.7 263.5 280.5 276.0 1063.7
CPI 245.0 239.3 317.6 3259 1127.8
Energy Efficiency 256.3 289.1 408.4 291.8 1245.5
Diversified supply
technologies 2842 3459 4543 3298 1414.1
High RES 283.5 440.0 619.8 431.5 1774.8
Delayed CCS 283.4 349.4 4451 339.6 1417.5
Low nuclear 286.4 350.8 472.5 366.5 1476.3

4 FYFRIDEUD T )y EFE (HE: TEnergy
Roadmap 2050JEU,DG Energy)
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e-HIghway2050 o

Renewable Energy Sources (RES)
development by 2050:

£

T
Y/

Towards 2050:

& Possibilities

(L a e

e-Highway2050

Visions 2030

A ae——
- -

r 2010 2020 2030 2040 2050

-
l ’ . . B Pianned projects [ | Envisaged projects [0 Possible projects

’ *TYNDP: Ten-Year Network Development Plan
I Wave energy M Wind energy 4 Electricity Highways 2050
il Bioenergy

Power
localisation
for each
scenario

Long term energy
assessment
for each scenario

Grid simulation Grid Implementation
with potential architectures and modular
weak points options plan

Figure 8-1 The five main steps of e-Highway2050 project.
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Graph 5: Main reasons in the EU 27 for the issue “Virtual saturation”. Source: RES Integration Project
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Graph 7: Main reasons in the EU 27 for the issue “RES-E not sufficiently considered in development plans”. Source: RES
Integration Project
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Regulation - Formula

Germany

- German regulation formula decomposed

EO, = KAy + (KA,po + (1- V) - KA, ) - (VP / VPl — PF) - EF, + Q, + (VK, = VK,) + S,
w9 Wy v

Revenue cap -

™ e g N\
o CPI and general Expansion
Cost base X efficiency X o
adjustment factor
. o J
N e M
. Volatile costs Settlement of
lity b / .
+ Qual;etynal$us + o (mainly network + o regulatory
losses) account
J N - v

* ARegV (Anreizregulierungsvercrdnung) = Ordinance for incentive regulation

Multiple levers to be managed m
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Transfer Capacities (NTC) in Continental Europe



European Market Situation in 2013

Exchange Balance

Average exchange balance
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Source: ENTSO-E Electricity in Europe 2013 Source: Own calculations based on data from vulcanus.org



2010FE D EHEE = LLE (gwh)
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