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GOVERNMENTS ENABLED WITH iPvE

IPv6 Pilot in Greece: “Energy Efficiency in School Networks with IPv6“ GENG6

Objectives of Greek Pilot I

—Prove IPv6 as a service enabler

1Rs6)

—Raise energy awareness

—Engage school communities
—Adopt loT philosophy
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IPv6 Pilot in Greece: “Energy Efficiency in School Networks with IPv6“ GENS

What is the VISION ? @ s

To create an interactive pan-European
Green Schools Network over IPv6
technologies where student
communities interact, engage & learn
from real data
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IPv6-based loT Engagement © s

Awareness Influence Persistent

Behavior
i Change
™ Energy Consumer i Intelligent
S ; ’ Push Se
i Core Info & Analytics Analytics & VEEALEERS

Energy Sourcing
~ Elements Content

-t * Usage * Comparisons * Alerts * Pricing plans * Real-time,
| * Cost * Facts & TipS * Notifications * | oad control hest price
*CO, * What If’s sourcing

* Community

Human engagement life-cycle
~ EU Road Show Brussels
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i

u GREEK IPV6
PILOT

Old reference project

Featus News The Power of 10

To Mupvaoio Meplotepiou i Monthly Consumption 22-02-2011

* A 12 week project (Feb-May 11)

* Prove that through competition and A

1698.82 Ky

platform, a noticeable shape of
demand can be achieved.

games in Intelen & Facebook

| | AVG Engagement time 23 min [ —— —
AVG Playing time 3,6 hrs/day
AV? annual cost reduction 2200 €
during games
AVG energy reduction during 299,

games
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IPv6 Pilot in Greece: “Energy Efficiency in School Networks with IPv6“ GENS
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u GREEK IPV6
PILOT

Pilot

The pilot provides real-time energy efficiency services over IPv6-enabled
networks to the local educational community

= |R/6| =

» Smart Encrgy Meters Infrastructure - IPv6

Commumnity - Schools Web Portal
| Energy .ﬂ.nier.'.
Energy data are recorded using
IPv6 enabled smart meters g::? ::(;It ::::;e(::,ij Energy data are being aggregated, processed Web portal presents real time energy
: structured and transformed. consumption data and statistics

and IPv6) networks

50 schools, 11500 students

EU Road Show Brussels
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IPv6 Pilot in Greece: “Energy Efficiency in School Networks with IPv6“ GENS

u GREEK IPV6
PILOT

Pilot’s Partners

. 1Pv6 networks Agr ..

GOVERNMENTS ENABLED WITH IPv6
The Greek Research & Technology Network (GRNET),

responsible for providing networking and cloud computing
services to the Greek academic and research communities

energy metering portal

analytics AT

In telen school communities tr;t/

DATA ANALYTICS FOR ENGAGEMENT SOLUTIONS
. . institute & press
The Intelen, a start-up company providing services to the Energy
ﬁqn:nfg-':nfgmr' such as smart metering, meter data The Computer Technology Institute & Press “Diophantus” (CTI),
responsible for the administration and the daily operation of the

Greek School Network

educational methods
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GOVERNMENTS ENABLED WITH iMvE

IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6“ GENGS

Energy Metering © sz

e The smart metering infrastructure consists of a
consumption metering device and the i-box

The i-box is a network device that acts as a data bridge
between the power meter and the school’s router
Both i-box and school router have IPv6 global address

1510 ANPOTIKO 2XO0AEI0 ABNVWY
| Huep. Eykar.:09/10/2013
| ‘JEVKGTGOTdTﬂQI Aoukd¢ Ntouvng
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e Energy data are being
aggregated, structured
and transformed

e Energy data are also

~ correlated with other
data (other schools,
school area, student
count, etc.)

“ Calculations and data
mining algorithms are
performed

EU Road Show Brussels
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6“ GENB
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Networking Infrastructure

Backbone:
Based on 8 PoPs of GRNET

The GRNET backbone &
GSN distribution networks
Distribution Network: are dual stack i.e.
51 nodes supporting both IPv4
(8 main, 43 secondary) snd IPV6

Access Network technology:
ADSL
Dialup (ISDN, PSTN)
Leased Lines (SDSL, VDSL),
Wireless

Optical

Number of connected schools:

- 6k primary education o Sl ,‘
4k secondary education e ‘ ol
0.5k administration offices “ ‘
www.sch.gr

~  EU Road Show Brussels
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6” GENGS

of

' GREEK IPV6
Networking Infrastructure & i

e The GRNET backbone &
GSN distribution networks
are dual stack i.e.
supporting both IPv4
and IPv6

* On the access network,
IPv6 has also been enabled '
for 95% of GSN users :

*+ National °.+"
Carrier PTT

EU Road Show Brussels
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search  Enter keyword ﬂ E =B

Home GEN6 Energy Consumption Educational Material Activities Contact

Energy consumption in
schools

The purpose of the proposed action is the pilot
installation of a recording system (smart energy

meter) of 50 schools energy consumption in real
time.

00

- g Real-time Monitoring of Energy Consumption into B . i

. | things.
. 50 Schools =

. ] i In this context, the Greek pilot in GENG, a European Commissien funded project. aims to influence the PO e Ervirnin ok

U ! behaviour of the local school communities by raising their energy awareness. As discussed herein, the pilot
. will provide realtime energy efficiency services owver IPw6-enabled grids to the local educational

> community, providing students with information on their consumption patterns and raising awareness
__ - | among them on the energy savings that behavioural changes may bring Mores
-

L ' EU Road Show Brussels



IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6”

Web Portal — gen6.cti.gr

Real Time Energy Consumption Monitoring

Select Consumption Period Daily Energy Consumption  [=]
Energy Consumption (kWh)

School Name Consumption (kK\VVh)

4 [GEN?] Mpérumo Napaparkd Mupvaoio 81030
Marpuv
2 | [GEMG] 130 AnpoTikd ZxoAcio Keparoniou 80.368
3 [GEMGE] 1520 AnpoTikd Exohsio ABnviy 79.257
4 | [GEMG] 160 Mupvamo ABfvac 72333
Compared to Previous Date Interval (%)

School Name Comparison (%)
1 | [GEMG] 410 Anponikd Ixohsio MepioTepiou 34.83
2 | [GEME] 20 AnpoTikd IxoAeo AouTpakiou 0
3 | [GEMG] 460 Anponikd Ixohsio Matpuv 0
4 | [GEMGE] 100 AnpoTikd KopivBou 0
5 | [GEMG] 1o Anuomikd IxoAsio Maaviag 0

Energy G Student (KWh!

School Hame KWhiStudent
1 | [GEMG] 240 Mupvdoo ABnviav 0.029
2 | [GEMG] 7o Mupvdoio Mepiatepiou 0.041
3 | [GEME] 2o AnpoTikd ZyoAdo MEag Mepdpou 0.089
4 | [GEMG] Mupvado AlakomTol 0.102
5 | [GEMG] 410 AnpoTikd Exoheio MepioTepiou 0118

More |5

EU Road Show Brussels

Consumption (KWh)

Saving (%)

Consumption (KWh/Student)
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Energy Consumption (kWh)

80.368

[GENE] [CENE] [CENE] [GENE]
TMpéTumo 120 1520 160
Mewpamorics  Anuotiks  Anuomké  Touvéows

Tuuvéoio Exoheio Exoheio ABipvec
Merpiv  Keparowiou  ABnviv
Energy Saving (%)
3183
0 [} 0
[GEN6] 410 [GENEl 20 [GEN6] 460  [GENE] 100
AnuoTikd  AnuoTuwkd AnuoTixd AnuoTus
Txoheio Exoheio Exoheio KopivBou
Mepiorepion  Aoutpociou  Tlarrpdw
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0.089 o102

0.029 0.041
=
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240 oo AnuoTikd oo
lopviowe Meporepiou  Ixohsio MekoTrTol
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8 B8

71540
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Highcharts.com

& B8

[CENE] 10
AnuoTikd
Exoheio
Teevecviocg
Highcharts.com
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Categorize schools based on their
energy efficiency using KPls

Energy consumption (KWh)

— Energy consumption comparison
to the previous day (%)

Energy consumption / student /
square meters (Kwh/student/m?2)

Consumption Period:
Daily

— Weekly
— Monthly

Yearly
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6“ GENGS

@ GREEK IPV6
PILOT

Web Portal — gen6.cti.gr

Summary Table For Daily Energy Consumption

School Name Number of Energy Comparison to COq
Period  Daily Energy Consumption [ Students  Consumption/  Previous Day % Emissions
Student / m?
A|-r|i_l:'|lsm I u =L _JlY ML IR
Y
[GEMG] 490 MNupviaio ABrvuv 10 0 5.422 65.359
Search Schools [GEME] d:1|:| AnpoTiké ZyoAsio 10 0 0.000 0.000
MepioTepiou
Mame [GENB] 230 MNupviaio Alrvuv 10 0 35.044 32.576
LGENEJ 270 Anpomikd Zyoheio 10 0 4555 57133
Address e
Search schools with various criteria
- — ~ -0.792 130.453
Type Al E AgTpoTrdpyou
[HGEN?] 1o AnpoTikd Zyoheio 249 0 7973 142 107
Prefecture Al |z| -
[GEME] 1o Mupvaoo Paprvag 10 0 0.000 0.000
Search  Clear [GENE] 130 Anorid 2xoheio 10 0 5336 132.459
KepaTawniou

1-29 of 29 items 10 | 25 | Al 1
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6” GENG6
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Web Portal — gen6.cti.gr

You are here: Home » Energy Consumption » School Map

Select schools All Schools [+]
. Schools 1n Attica .? i =
5 Schools 1in Achaia i\ vl = Map | Satellite ||
< 3 Schools in Connthia Angius MaaIhonas Bis) i
~ S stefanos e oo
EGRZ Panteleimon
.—— l =y
ﬁ Mandra’ .
o Primary School
+ 4 . Elefsina
- .‘-I__rrﬂ-_"—-
g~
ME-QE'_II'-EI#_ Peramos EiSiNGS
II; i“‘“ﬂ -
” ; Salamina Artemida
- Qrmig
o= Salaminas .
Lolpos Eéntin rdlai lioupoli -
Sgaron Sathmina Argiroupoli i X
el Parto Rafti
=1
=i Kakyvia
= Secondary School ThoiKy

Keratea
Saronic Gull £

Wathi
Egina Ag. Maring

Crolcinit ANavvssos
.1._-'--' T’l;l{": Map data ©2013 Google TemsoflUss Reportamap emor
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6“ GENGS

@ GREEK IPV6
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Web Portal — gen6.cti.gr

Daily Energy Consumption: 9-10-2013 =
25
Period Daily Energy Consumption |E|
- 20
Date 09-10-2013 i
=
=
=] -
5 15
=
E
-
£
[GENG] 10 Anpomkd Zxohcio Mooviog ,3 10
5
) , . s
M Karmyiga, 18002, Moovia |5

EI 242
]
3 6 ¥ & % 10 11 12 73 1415 1& 17 18 19 20-21 .22 23

g 1 2 3 4 5

:!I' l: | & [GE JIE5] To A HoTLKD z){ﬂ;\E[U ”OﬂLn}!ULO:!r;
HighCharts. cofm

17 °C
% Wind: 2 km/h Total Consumption (KWh) 162.665
— Humidity: 67 % Number of Measurements 87

brokan clouds Completeness of Measurements (%) 94.57

Comparison To Previous Day (%) 4.64

CO5; Emissions 138.265




I

GOVERNMENTS ENABLED WITH iMvE

IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6” GENG6

Web Portal — gen6.cti.gr

Schools with more than one year of energy data !!!

5k

-y
=
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2k

Energy Consumption (kwh}

Ok

'~ EU Road Show Brussels
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Networking Infrastructure

Benefits of IPv6 / problems with IPv4

e |Pv6 removes the limitations imposed by the IPv4 address
shortage
— Every school has a NAT / PAT gateway due to address shortage
— Difficult to debug interconnection problems
— |Pv6: Enough address space for every school and pupil!

e P2P applications do not work with servers behind PAT

— Multimedia e-learning and peer-to-peer virtual collaboration
applications

— |Pv6: Easier P2P application development

EU Road Show Brussels
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Networking Infrastructure

Benefits of IPv6 / problems with IPv4

e Management and security issues

— Deployment procedures in large numbers (auto-configuration of CPE
routers and PCs)

— Address fragmentation resolved
— Easier aggregation of classes of users
— Security (based on ACLs) simplified using the IPv6 addressing schema

* |nnovation — Expose to new technologies
— Today’s school pupils are the future engineers

— |Pv6 allows the development of new advanced services that exploit
features unique to IPv6 environments, such as enhanced security,
multicast or mobility, QoS, etc

— Multiply the impact of other IPv6-enabled networks in Greece

EU Road Show Brussels



“Energy Efficiency in School Networks with IPv6“ /J‘JL‘L

Goals Analysis

Action

Encourage students to come up
with ideas and reduce their energy
footprint

EU Road Show Brussels

GOVERNMENTS ENABLED Wi TH ™6
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Word Spreading

Challenge students to spread the
word and engage their family and
community into adapting
environmentally friendly habits
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Green Agents Recruitment
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‘Q SR PV
Current status

Completion of installations in 50 schools in Attica, Achaia, Corinthia
Collection of energy consumption data over IPv6 from the existing systems
Dissemination activities in schools

Install other kind of sensors (e.g., weather related) to schools
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6” GENG6
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IPv6 10T Sensors

ContikiRPL - Mozilla Firefox
ContikiRPL Sensor interface

€ @ [2001:212:7400:16c0:6462]

Neighbors

fedfh::212:7400:16ch:681a

:/128 (via feB0::212:7460:16c0:681a) 167114285
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IPv6 Pilot in Greece “Energy Efficiency in School Networks with IPv6” GENG6
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IPv6 loT Sensors

IMeter weather statistics interface - Mozilla Firefox

@ iMeter weather statisti... x YGd

& [2001:5c0:1400:3::277) v ¢ ||~ Google awa ¢ A0 =

9 |n|;e|en

Graphs updated

Temperature Wind

Average wind speed: 0.4 KPH Max wind speed: 2.6 KPH, Direction: 0.00°

2015-05-11 15:10:44 2015-05-11 15:10:44

10AM | 11AM | I2PM  O1FM | D2ZPM | O3PM | O4PM  0O5PM | 06FM 10AM | 11AM | 12PM | D1FM | D2PM | 03PM  D4PM | D03 PM | D&PM
May 2. 2015 May 2. 2015

Average Wind speed Peak Wind speed

Recent observations Recent observations

Intelen Copyright (c) 2015

WIRG T ie= @ 31T = 2 B [ @ m)
Average Wind Speed (KPH)
Peak Wind Speed (KPH)



Mobile App

Locked SIM 307 . = |

INTS

School meters & loT

Sensors Public energy data portal

Intelen

GOVER:
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Social actions

Social motivation

|
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GENG

Intel 2 intelen v e ¥ =

2

SELECTED GAME

: - [ ] 1
Intel erope | OUStainability Game ¢ = Konstantinos v

START Game Rank Days Left

1 1 '1 5'201 3 E:;:I:-I?:}’:gppartments USA

b #1
f'u’ly Stats END 67 DIVISION

03-15-2014

Points Awareness Engagement Effectiveness

Join Game

0 1.234 98% 65%

Mobile Preview

o

Help

98%

’ This dashboard was generated on 09/12/13 at 3:24:34 pm // BEIEGEE e R € Intelen 2013 THIPVE Cipgmme
= 2
- PSP
=1 =-w ICTes)
L b .



Conclusions

IPv6 can become an enabling technology

IPv6 in support of Sensor grids

— Higher Security

— Easier interoperability and fast installation
— Bi-directional communication

IPv6 in support of loT
— Bigger address space, everything connected
— Point-to-point control and access tunneling to real time data

Energy Efficiency in Schools pilot has a huge impact
— 50 Greek Schools, with about 11500 students !!!

Inform the student communities in real time
— how much energy is consumed by their actions

Change students’ behavior towards environmental protection
Reduce energy consumption

GENG
@ GREEK IPV6
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Thank you!

Vassilis Nikolopoulos, PhD
v.nikolopoulos@intelen.com
@vnikolop

aeaw (@ am

www.gen6-project.eu genb.cti.gr



