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Company Founded in 2018

Spin-off from University

Locations Frankfurt am Main

Leipzig

Services Integration of information systems

Digitalization of business processes

References Energy
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Logistics
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Tomorrow
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New Product

The load management component should be
offered as an independent product

Decentralized energy management

The component should enable an intelligent
holistic decentralized energy management

New services for the grid of the future

It enables completely new services for the
generation, trading and consumption of energy

Easy to retrofit

Former “stupid” charging stations, can be easily
upgraded to “intelligent” charging stations
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- Fed4FIRE+ Stage 2 experiment
- Fed4FIRE+ Stage 1 experiment
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S Experiment setup

e Testbed: w-iLab.1

* Experiment resource specification
with JFed

* Node setup
* Intel NUC devices
* Ubuntu 18.04.2 LTS
* WIFI interface 802.11abgn

« BATMAN batctl debian-2018.0-1
[batman-adv: 2017.4]
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Hypothesising

- Development of
hypotheses

- Definition of
relevant
measurement

\ variables and
\ measurement
N procedures

Preparation

- Formulation of
investigation
objectives

- Establishment of
the test plan

Experiment
Implementation

- Carrying out the
measurements

- Recording data

- Replication

e Methodical procedure

Evaluation

- Structuring and
analysis of the
recorded data

- Error discussion

- Examination of
the hypotheses

N, Drawing of

AL nclusions
AN

Finalisation

Documentation
of the
experiment

Transfer of the
results to product
development
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Typical single-family

Along the road
home settlements Mesh topology

Bus topology
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Multi-layer

Companies and Hub-and-spoke mesh topology

housing associations topology
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DS er, Our experiments

Experiment \Goal _____________________|Descripion

Verification of network topology, hops Ping and traceroute tests

and transmission speeds

Determination of the optimal block size Investigation of the transmission times with incremental
for the blockchain increase of the block size to be transferred

Determination of the optimal Investigation of the transmission times for

transmission interval for charging 600-byte data blocks at different intervals;

schedules Investigation of error rates

Determination of the maximum Investigation of the transmission speed and quality for
blockchain size and optimal larger files and different hops (when a node gets the
distribution of the blockchain complete blockchain); Investigation of error rates

Determination of the optimal Investigation of the transmission times for the identified
transmission interval of the blockchain block size for different intervals; Investigation of error rates
blocks
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Verification of network topology, hops and
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transmission speeds

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Reachability { g J g
@ Ping time 17 ms 26.6 ms 4 ms 16 ms
Min/Max Ping time 1.4 /65 ms 1.4 /80 ms 1.5/72ms 1.5/80 ms
@ Hop rate 1.8 2.3 1.4 1.8
communication Routing not over every Interconnection
between the two floors node along the bus, but between the floors over
Comments is only possible via rather via the fastest multiple nodes

nodes 0 and 7 connection
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blockchain
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Determination of the optimal transmission interval
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of the blockchain blocks

f Scenario 1 ; Scenario 3 * For transmission intervals
o between 1 and 2 seconds, there
b - are very long transmission times

\ , L * Possible reason: high utilization

: ; of the mesh network

Transmission intervalin seconds Transmission intervalin seconds
1Node =2 Node 3 Node 4 Node

* Transmission interval of 5
seconds improved the
transmission times

; i aag, = . * The best transmission time is
Y L] o o ® H
. Scenario 2 ﬁ: v ’ Scenario 4 .
; et : achieved from 10 seconds
* Obviously it doesn't matter
i \ whether 1 node or 4 nodes
: — : transmit at the same time



Determination of the optimal transmission interval

Experlment 4 for charging schedules

Results:

For each szenario transmission times <1 second

Charging Station

- Charge Break -

Worst case scenario 3 and 4

State=CHARGE
CHARG
HARGED!

ntloadQuantity=28, totalloadQuantity=109,
rrentlosdQuantity=40, totallosdQuantity=100, scheduleS
rentLosdQuantity=59, totalloadQuantity=100, scheduleStat
entloadQuantity=53, totalloadQuantity=108, sche

entLoadQuantity=56, totalloadQuantity=108, scheduleState=SCHEDU
rentlosdQuantity=59, totalloadQuantity=109, scheduleState=SCHEDL
entLosdQuantity=62,

» remaining]

arkingDura
remainingParkingl

Dur.

t=10, resainingParkin
t=10, remainingParkin
=10, remainingParkin
=19, ingParkin

1ty=109,
talloadQuantty=
, totalloadQuantit

, totalloadQuanti’

rentLosdQuant

ntity=70, totalloadQuantity=100, scheduleState-CHARG
rentloadQuantity=80, totalloadQuantity=109, scheduleState=CHARGED)
rentLosdQuantity=90,
rrentLosdQuantity=100,

rentLoadQu.

8
remainingParkin L
ainingParking LED_F INISHED

entloady
dQuant 4
crentlosdQuantity=100,

Quantity=100, scheduleState=SCH
alloadQuantity=180, scheduleState=SCH

Worst transfer speed: 350 KBit/s

Average Size of a charging plan: 6 Kbytes



Digital Determination of the maximum blockchain size

oS! i, Experiment 5

and optimal distribution of the blockchain
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1,0 . o _ : 0
1 2 3 10 20 100 File size in MByte
. 1 error 0 ] 0 0 0 2
2 error 3 3 11 23 45 278 | #Retransmits
3 error 6 6 36 46 73 401
3 hops 51 11,5 28,2 57,5 97,0 535,0
== hops 40 71 18,4 40,8 78,9 416,0 Avg. transmission times
== 1 hop {iq! 1,6 44 7,9 16,0 75,9

Results:

* Optimum 20 MByte
* 20 MByte 2 10 blocks of 2 MB each with a total of approx. 3,000 charging schedules
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PS!] e, Summary

* Different network topologies were set up with up to 20 nodes

* We examined our peer-to-peer communication layer

* The optimal size of a block is 2 MByte
* The optimal total size of the blockchain is 20 MByte

* Optimal transmission interval is 10 seconds
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PS!] e, Summary

* Fed4FIRE+ is a very useful environment for experiments
* Hardware as a service is very convenient (saves time and money)

* We could investigate the scalability of our approach
* From 3 nodes in our office up to 20 nodes with Fed4FIRE

* The w-iLab.1 office building was ideal to emulate a parking garage

* We derived some further important requirements for our solution
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