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= One of six Smart Grid regions in Germany

'tLJ technische universitat A Modularized and Distributed Simulation Environment for

dortmund

Scalability Analysis of Smart Grid ICT Infrastructures

E-Energy Smart Grid Region .M eDeMa =
Development and Demonstration of decentralized integrated energy systems on the way

towards the E-Energy marketplace of the future

funded byv:

@ Federal Ministry $ Fedaral Ministry for the
of Economics Environment, Mature Conservation
and Technology and Muclear Safety

eTelligence
model region of Cuxhaven

RegModHarz

regenerative model region of Harz

Project consortium: |
VORWEG GEHEN SIEMENS

meomRm

Fachhochschule technische universitat

DUISBURG

Dortmund dortmund ESSEN { MEREGIO

University of Applied Sciences and Arts

= Cooperation project

E-DeMa
model region of Rhein-Ruhr

mart Wa

model region of Aachen i
IMMER BESSER O PrOSySt S‘WK Model city of Mannheim

model region of Rhein-Neckar

model region of Baden-Widrttemberg

: INTEGRATION DER ELEKTROMOBILITAT

IN DIE NETZSYSTEME DER ZUKUNFT
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System Architecture

Home Area Network Access Networks Wide Area Network
Distribution
User Network Aggregator
Interaction Operator

DSM Technologies:
- BPLC

3G/4G RF
DSL

- Fiber 1 1
- Cable
HCHP
.M eDeMa
Marketplace

Inhouse
Technologies:

PLC (B/NB-PLC)
RF (e.g. ZigBee)
Wired (e.g.
Ethernet)

AMR Technologies:
NB-PLC
GPRS
RF Mesh

Meter Reading Energy

Metering for Electricity, W : .
Smart Metering for Electricity, Water, Gas, etc Operator Supplier

Integration of customers into the Smart Grid using reliable and secure ICT infrastructures

» Metering HAN Gateway (Aggregation of (sub-) metering data, decoupling of energy and ICT
components, data provisioning, user interface)

= Management HAN Gateway (Energy marketplace interaction, DSM, advanced user interface)
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State-of-the-Art Technologies

Home Area Networks

= Broadband Powerline Communications & | HTTP SML XML SOAP
(HomePIUg 1.0/ 1.0 turbo. AV. DS2 < Web Services IEC 61850 DPWS OSGi
) ) ) <
etc.) x| TCP sctp UPP sst FTP peec
»  Wireless (ZigBee, Wireless M-Bus, Z- E IPv4 | IPV6
Wave, WLAN, etC.) - Data rate
=  Wired (Ethernet, Seriell, Bus, etc.) 1000 Mbits | | ATM/SDH |
]
100 Mbits P r|__ WiMAX / Mobile WiMAX /LTE |
Access Networks ? BB'P'l-C Ssi | 3G cellular (UNTS, HSPA) ]
= Powerline Communications (HomePlug ¢ | ™" - [ Broadband Satellite |
1.0 /1.0 turbo, AV, DS2, NB-PLC) S | 1ookoie | Zighee wee <=L 2G cellular (GPRS/EDGE) _ |
) _ @ ISDN [
Wireless (GSM, UMTS, LTE, WiMAX, . — |
RF Mesh, etc.) o 10 kbivs [ Narrowband Satellite |
i i Z-wave
= Wired (DSL, Fiber, Cable, etc.) e T |
- Modularized approach for covering Inhouse Access " Backend ' Topology Layer
different application domains wired wireless

- Distributed development approach for

revision-based management of modules State-of-the-Art Analysis ,,ICT Technologies for E-DeMa
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Simulation Framework Architecture based on AXIS2 Web Services

Network
Generation
(GeNeSiS++)

Network
Description
(NED-File)

__,

AXIS2

Web Service

A

Configuration
&
Preview

Simulation
Environment
(OMNeT++)

Module
Library

(.so-File)
<

AXIS2

Web Service

System Model
Directory Register
(SMDR)

Web Browser
(GWT Website)

€

Execution
and
Analysis

A

Module
Development

Scenario
Creation

User Interface
(Local/Remote)

Module
Development

>

Web Browser

(GWT Website)
N |
\ﬁ & .'.:. |
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SMDR Sequence Chart — Modules and Scenario Development

Module Creation:

= Create new

User SMDR SMDR
mOd u |e Interface Frontend Repository
1 [
= Register Module to .
S MgD R RO WO R Upload New Module to Database \
Cd
Acknowledgment 2 e D e
= Upload module to - __
S M D R é Generate New Scenario via GeoDB > Get Applicabale Modules -
g Provide Possible Module List of Modules -
© Combinations <
4]
. . % Select Modules N
Scenario Creation: E I e — ;
2 Generate Default OMNeT++
= Generate new geo- Configyration
Store Configuration to Database
based scenario Provide Unique Identifier (UUID) 3 >
~
= Select modules
. I I I
= Retrieve UUID
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SMDR Sequence Chart — Simulation Execution and Analysis

Excoution 8 <) 2

User SMDR SMDR

= Provide UUID in Interface Frontend Repository
omnetpp.ini-file
1 H Start Simulati ith UUID
. Retrleve ned-:flle o > Request Stored Scenario
via Web Service i
. ﬁ > Retrieve Stored Scenario
= Automatlca”y E Retreive Stored Scenario <
g [€
check and resolve 3
dependenCieS : Resolve Missing Modules -
(°] rd
. . ‘g Resolve Missing Modules \
= Update missing 9 =
w
modules _ Retrieve Missing Modules
Retreive Missing Modules -
[ I [
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SMDR Browser-based Frontend

O System Model Directory - Rea

€« ¢ O ;005

System Model Directory

Scenario Scenario

Modules b Select Channel Specifications
Spec:iﬁcaliﬂnﬂ
Edit Profile Interfaces Library Version

Logged in as: IF11 IMyChanneI j IVersion: 005 j
mueller IF1.2 IMyohanne| j IVersion: 0.0.5 j
Logout
IF13 IMyChanneI j I\a'ersion: 0.05 j
IF2 MyChannel ¥ | | Version: 0.0.5 -
MyChannel j I Y J I J
IF& Version: 0.0.5 j
MyChannel WiMAXChannel I
WiMAXChannel I5,7.1 _GSMChannel | version: 0.0.5 -
DSLChannel
GSMChannel IF7.2 COMAAS0Channel IVersion: 0.05 j
DSLChannel F73 CDMAChannel [Version 0.0 -
CDMA450Channel LTEChannel —
IF8 - ion: -
CDMAChannel MyChannel J IVer5|c>n. 0.05 J
LTEChannel IF 9 | MyChannes ~|[version: 0.05 K
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Channel Modeling based on Propagation Models

Cost 231 WI / Building Penetration
LOS topologies

Distance between 20m - 5km
Different Building Types

[ \I"‘
Ly = Lip (S+d)gg + W, +(1—sin(®))* - W, + Max(I'y. | \! "’
w' ||
with T, =W -p and T, =a-(d-2)-(1-sin(®))’ L -l
S S A
Winner Il A2 / B4: 5 L JE =—=— n
Indoor-to-Outdoor / vice versa S
Urban Topologies

Building Losses within Houses

Winner Il C4:
Outdoor-to-Indoor

-l |
< I == Fil
Urban Topologies / NLOS ] 2 Eﬁ;‘f@
Building Losses within Houses out di
PL

o =PLg,(d , +d. )+15+15-(1-cos(®))*+0.5-d, Parameters for Winner || C4
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GEnerator for large-scale NEtwork Simulation Scenarios in
OMNeT++ (GeNeSiS++)

Real-world adaption:

» Topology generation based on
geographic position (Latitude and
Longitude)

» Connection to MySQL Database
containing coordinates and node
information

» Methods library for accessing data,
coordinates transformation, distance
calculation and neighbourlist
generation.

» Flexible scenario generation

3. Communication-
infrastructure

2. Model of
Infrastructure

1. Real-World
Evaluation Scenario
(geo-based)

[1] C. Mdller, S. Subik, A. Wolff, C. Wietfeld. "A System
Design Framework for Scalability Analysis of
Geographic Routing Algorithms in Large-Scale Mesh
Networks", 3rd International Workshop on OMNeT++
co-located with International ICST Conference on
Simulation Tools and Techniques (SIMUTools), Malaga,

) N o _ S Spain, Mar 2010.
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Exemplary Large-Scale Scenarios

Large-Scale Scenario (Detail)
; B B2 i

- @ If & €|
| {cni.mysimulation simulations.Network) Network (id=1) {ptr0x3340d30)

g e T

e e !A
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: :
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] \\ o - [ 64 QAM
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e \ = ,'\\\f: station
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Large-Scale Scenario:

* (Geo-based Scenario

+ 802.16e (Mobile WIMAX) Infrastructure
* Suburban scenario

* ~10.000 different households
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Zoom: 0.39%

A

Legend:
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= No Link
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ingleFamilyHouse) Network.nodel127

3 E B[ Q& &usa ) T A SN T Y

=101 x|

.':cni.genesisclt.simulatiu:uns‘samples.genesistlt.ﬁingleFamiluHu:uuse) Network, . noded2?  (id=128) (ptrixaGfa330)

Metwork , nodel27?

hmeter

gmeter

X

Energy Management
Gateway

eneter,

Smart Metering
Components

Controlable Loads /
Decentralized Generation
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Exemplary Performance Analysis

Analysis of Metering Data Format
(SML-getListResponse) 400

(2 9O Do s @ B 2 e & E[E

M ceni Network) Network  (id=" LTE:

800 MHz

Network.

Legende:
[ 64 QAM
.| (116 QAM

(%)) Basis-

station
Wohn-
haus

420
===Simulation

==Simulation (Average)
==[\leasurement (Reference)

380

360

340

Size of Message [Byte]

320

300 |

280

20 30 40 50 60 70 80
Number of Messages

Network Planning for Wireless Technologies
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Conclusions and Outlook

= Proof-of-concept for a modularized OMNeT++ simulation environment
based on Web Service on-demand module management.

= Analysis of topology specific influences on scalability for different
technologies and various traffic patterns for Smart Grid applications.

= Exemplary analysis for suburban scenario with more than 10.000 different
households combining detailed Home Area Networks has been presented.

= On-going work focuses on the evaluation of different technologies for the
presented use cases in order to obtain network planning heuristics for
Smart Grid ICT networks and optimization approaches for existing
infrastructures.

» Proof-of-Concept for dynamic build automation (e.g. Ant, Maven)

Christian Miiller | Communication Networks Institute (Prof. Dr.-Ing. Christian Wietfeld) 15/16



technische universitat A Modularized and Distributed Simulation Environment for
dortmund Scalability Analysis of Smart Grid ICT Infrastructures

Thank you for your Attention!
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