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= ‘Energiewende’ (Energy System Transformation)

= Network Development
= Distribution System Issues

® Solutions: Smart Grid Toolbox
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‘Energiewende’ (Energy System Transformation) in Germany

® 2014/2015: Status report electricity sector
= Load: ~600 TWh, ~ 80 GWp
= ~25 % RES (Wind, PV, Biomass, Hydro)
= ~40 GWp Wind in MV/HV
= ~37 GWp PV in LV/MV
= Political Aim 80 % RES in 2050
= 100% RES scenario (RES & Energy Efficiency):

= 230 GWp Wind & 200 GWp PV - PV & Wind as major electricity source
= e.g. Electrical Vehicles —> electrification of mobility sector
= e.g. Heat-Pumps - electrification of heat sector

® Power2Gas
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Business Case 'Energiewende’ by Energy Systems Integration

Difference investment/credit (incl. capital costs) scenario

R0, = ] 6,7% Return on investment, 2% interest on loans, primary energy price increase in accordance with climate protection scenario 2050

El 4% Return on investment, 2% interest on loans, primary energy price increase in accordance with NEP 2014 (Grid Development Plan 2014)
100 |~ N 2,3% Return on investment, 0% interest on loans, primary energy price remains constant
2,3% Return on investment, 2% interest on loans, primary energy price remains constant
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Transmission System — ENTSO-E TYNDP 2014 - 2030

ENTSO-E synchronous areas

® Continental Europe (CE) area
W Baltic area

M Nordic area

B British area

M irish area

M isolated systems area
Synchronous with CE area

Source: ENTSO-E
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Transmission System Grid Development Plan 2024 Germany
(4 TSOs)

= Annual rolling process for the next
10-20 years
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" Solve present/expected congestions

® North-South HVDC corridors

Sl

® Wind in the North

® PV/Load centers in the South/West

= Offshore Grid Development Plan

® Connect Offshore Wind Power Plants

® DC connections

Source: www.netzentwicklungsplan.de
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Distribution System Issues in Germany
— voltage and thermal limits = grid reinforcement
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Distribution System Issues in Germany

= Standardized Testing Procedures
for DER units

European harmonization
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= PV Battery Systems:

‘erid feed-in’ '
- ‘self consumption’ / autonomy

® Smart Meter - Privacy/Security Issues
—> Business Case?
—> step-wise roll-out intended

Source: BOSCH Power Tec GmbH
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Smart Grid — Smart Market

= Traffic Light System:

Amber Phase: Market-Based Use of Flexibilities of DER units
for Distribution System Operation (congestion management)

Market Grid

DER unit
(generator, storage, load)
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Smart Grid Toolbox = enabling RES as a major energy source

OLTC at _
Q(U), P(U)  LV/IMV ENTSO-E Gl‘lq Codes:
- grid connection
Inverter Control Smart - system operation
- System Stability Control - market related
Market Interaction
Digitalization VAR Management
Smart Smart DSO-DSO
Interfacing Planning OoJIF:1ife] DSO-TSO
Databases \/ Interaction

Load Flexibility
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% Fraunhofer Energy System Technology to
IWES realize the ‘Energiewende’

Aergy Economy ak

System Design

System Integration Energy Networks

Energy
System
Technology

Energy Storage System

Energy Informatics Technology

Energy Meteorology
and Renewable
Resources
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