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Availability of renewable energy

Energy demand 

world wide 2010

140 PWh

Energy input from sun

1 500 000 PWh

Wind energy

30 000 PWh

Quelle: BEE
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Electricity in the energy focus

Generation
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DistributionElectricity

Demand
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From island supply to interconnection

Generation Load

Location of resources Increase of load density

=> Interconnection 

=> Meshes 

=> Transmission 

Losses 

Outages 

Back up

=> Higher voltage level

Load balancing
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Principle of electricity supply

Steam       => P 

Excitation    => U, Q 

Revolution    => f 

Transmission

Distribution

Load

Stochastical Load

Generation

Schedule

=> Predictable Load

Up to now no large scale storage of electricity possible !



2016-05-04

Unrestricted © Siemens AG 2016

Page 6 Theodor Connor / EM DG PTI

Challenges of future grids

Steam      => P 

Excitation  => U, Q 

Revolution  => f 

Generator 

TSO

Trade 

DSO

Customer

Regulator 

E-Car

Storage

Trade

Renewable 

Distributed

generation
Smart 
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Typical network elements 

Bus coupler

Generator

Three-winding-
transformer

Cable

Shunt reactor

Overhead line

Consumer

Motor

M

Filter

Series reactor

Switch

Substation

Double busbar

Neutral reactor
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Grid modelling

Power plant Transformer Switching
station

Line Load

Three-phase system

Single-line 
diagram

Equivalent circuit in 
symmetrical components



2016-05-04

Unrestricted © Siemens AG 2016

Page 9 Theodor Connor / EM DG PTI

Subjects of network analysis

• Fault current contribution  (max / min)

• Reactive power control

• Voltage profile  (steady state / dynamic)

• Element loading (normal operation / contingency)

• Losses

• Protection concept

• Harmonic distortion

• Supply reliability

• Switching operation

• Insulation coordination

• Start up procedure

Load flow

Short circuit

Dynamic

Transient

Operation
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Grid modelling 

Fuel Cells

Solar PV

Wind

Microturbine

Biomass ICE

Battery Storage



2016-05-04

Unrestricted © Siemens AG 2016

Page 11 Theodor Connor / EM DG PTI

PSS®SINCAL Element Models for all tasks

The model complexity varies from simple (short circuit) to normal (load flow ) and expert  (dynamics, control 

systems)
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Planning Loop 

Data
collection

Actual
System

Long
term

Short
term

Medium
term

Next year 
concept

Weak 

points
3-5 year 
concept Long term 

concept
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Example of renewable integration 

Customer benefits

Siemens solutions

Challenges

 Integration of large amount of renewable generation (PV, 

Wind) in existing network structures 

 Minimization of costs in grid extension

 Determination of minimum required grid extension by 

comparison of DER integration in various voltage levels:

 LV (0.4 kV), MV (20 kV), HV (110 kV)

 Comparison of conventional versus smart grid 

extension measures in terms of costs: 

 Storage, Load Management, Regulated 

Distribution Transformers, Controllable Converters

 Maximum renewable generation integration

 Effectiveness of smart grid components for 

reducing grid extension costs 

 Determination of costs of energy transition

Facts and Figures

 Peak demand:   240MW

 Peak renewable generation 
2010:  110 MW
2022:  630 MW

Source: Siemens AG, EM DG PTI
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Micro Grid 

Comparison between distributed generation and Micro Grid

Conventional distributed generations

 Several points of coupling

 Generation sources are not 

coordinated / optimized

 Adverse impact on main grid

Micro Grid

 Common point of coupling

 Presents to grid as an aggregated load / 

energy source 

 Energy sources including thermal are 

coordinated / optimized

External grid

E-car

CCHP

PV

Wind

Coordinated and optimized

Control

Microturbine

Uncoordinated

PV

Wind

External grid

Combustion 

engine

Microturbine
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Hybrid system 

House Industry

Electricity grid

Gas network

Heating/Cooling system

Gas-

storage

Boiler

E-Storage Wind PV-Park

P2G

P2HC

Micro-Co-gen

Co-generation

Bio-Gas

Heat

pump

Electric

heating

Heat-Storage

PV-Pannel

Solar-thermal
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Thank you for your attention

Theodor Connor

Strategic Relationship Manager

EM DG PTI

Freyeslebenstr. 1

91058 Erlangen 

Germany

Phone: +49 (9131) 7 – 33715

E-mail:

theodor.connor@siemens.com

siemens.com/power-technologies
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