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[...] Those who have a why ... can bear most every how...
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[...] Those who have a why ... can bear most every how...
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[...] Intelligent Energy Systems Lab
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Intelligent Energy Systems Group

@ Institute of Software Technology, TU Graz

* Intelligent systems, buildings, ...

* Bridging the gap: basic & applied research
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Core topics

e Computational methods and Al

* |oT and semantic data
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___________________________________________________________

___________________________________________________________

Collaborations & Open Science

* IBPSA Project 1; IEA Annex 81
* GRAML; Innovation District Inffeld, Inframonitor

* Open data, Open source & Open standards
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...] starting point and motivation



How make use of Scalable, robust, ...

data outside silos?  Energy Services




Agenda

Internet of Things

Semantic Data

Inframonitor
Active User Participation

Problems



[...] Internet of Things



Data Fault detection and
Analytics diagnosis

Intelligent

Visualization
Control




Intelligent
Control

Y What do we want to know from each entity?

 What are you?

* How is your relation to other entities?

* What is your current status/value?

* What were your historical statuses/values?




Intelligent

Control

How do we get these data/information?
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loT Middleware Platforms for Smart Energy Systems: An Empirical Expert Survey
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Application for which you (plan to) use an loT Middleware Platform

omeesarimentsonw e nsiveed I
At e
ooy Sordoxs ol el ks
Energy Service: Demand Side Management 1/

I I | I I I I I I |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

1THH

/77 Yes (current application) Planned application ~ NEl Not planned



Data Model

" temite asts modets snd sete v N QNN

labelling in the future?

1 1 1 1
0% 20% 40% 60% 80% 100%
777 Absolutely Essential  mwm Moderately Important ~ wm= Not Important

Do you already use a unified model? -_

0% 20% 40% 60% 80% 100%
/777 Yes mmm No
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Would you be willing to make your data models and

schemes freely available so that others -W////////////////////////////////_

can use them as well?

At 72 s
e e vanes v VI

| I 1 | I I I I I
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
7/, Yes

Bl No




How important is the following property for you when you operate an loT platform

Avoiding vendor locks -
Open Source -
Standardized API -
Providing a GUI -
Performance -
Availability -

Reliability -

/77727277777 N

2z

N

/722777277777

000 RN
/2222722

/727772727227 XN
/272727222 =

Security -

0

%

I 1 1 1 1 I I 1 1
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Neutral
ma Slightly importan

BN Low importance
B Not at all important

/77 Extremely important
Very important
N Y Moderately important



[...] Current Status

#Inframonitor #lnnovation District Inffeld
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Research

Institutions 1

Services
Provider

User Access

retrieve
data

data inputs

EMS

Sensors

External data

REST Api

Data storage

Generic Data Broker

MQTT Broker €«—>»{ MQTT Agent

Y

Semantic Data

Y

MongoDB
%

\

)

A
y

InfluxDB

Time Series Data

Analysis services

Alert System

Visualization

A

Monitoring & Fault
Detection

Y

A

Predictive Control
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Monitoring / Diagnosis

Current Water Usage ent Value Current Energy Usage

5.98 L 3.53 kW

Building Water Usage Building Energy Usage

5kw
4kw
3kw
2kw
1kw

0 kw
02/18 02/18 02/19 02/19 02/20 02/21 02/16 00:00 02/17 00:00 02/18 00:00 02/19 00:00 02/20 00:00 02/21 00:00

00:00 12:00 00:00 12:00 00:00 12:00 -
== reading

PV Production Occupancy

20 kw

100
15 kw
10 kW 50
5kw
0

0 kw

02/16 00:00 02/17 00:00 02/18 00:00 02/19 00:00 02/20 00:00 02/21 00:00 02/16 00:00 02/17 00:00 02/18 00:00 02/19 00:00 02/20 00:00 02/21 00:00
== prediction == prediction




v Wetterstation Inffeldgasse 13

Sunshine detect

02/1500:00 02/1512:00  02/1600:.00  02/1612:00  02/1700:00  02/1712.00  02/1800:.00  02/1812:00  02/1900:.00  02/1912:00  02/2000:00  02/2012:00  02/2100:00  02/2112:00  02/2200:.00  02/2212:00  02/2300:00  02/23 12:(

== sensor-readings.reading

Global Irradiation Total

500 W/m?

0 W/m?
02/1500:00 02/1512:00 02/1600:.00 02/1612:00 02/1700:00 02/1712:00 02/1800:00 02/1812:00 02/1900:00 02/1912:00 02/2000:00 02/2012:00  02/2100:00  02/2112:00 02/2200:00 02/2212:00 02/2300:00  02/23 12:(

== sensor-readings.mean

v PV Produktion

Inffeldgasse 16 AC Strom PV 400 kW Peak

100 kW

ow
02/1500:00 02/1512:00 02/1600:00 02/1612:00 02/1700:00 02/1712:00 02/1800:00 02/1812:00  02/1900:00 02/1912:00  02/2000:00  02/2012:00  02/2100:00  02/2112:00  02/2200:.00  02/2212:00  02/2300:00  02/23 12:(
== reading == prediction

Inffeldgasse 11 PV 60 kW Peak

ow

02/1500:00 02/1512.00 02/1600:00 02/1612:00  02/1700:00 02/1712:00 02/1800:00  02/1812:00  02/1900:00  02/1912:00  02/2000:00 02/2012:00  02/2100:00  02/2112:00 02/2200:00  02/2212.00  02/2300:00  02/23 12:(

== reading == prediction




[..] Active User Participation









1 5
Wie angenehm empfinden Sie das © O
Raumklima in diesem Raum derzeit? sehr sehr
unangenehm angenehm
Wie empfinden Sie die Temperatur in diesem O O
Raum derzeit? sehr sehr
kalt warm
Wie empfinden Sie die Luftfeuchtigkeit in O O
diesem Raum derzeit? sehr sehr
trocken schwil
Wie empfinden Sie die Luftqualitat in diesem ® O
Raum derzeit? sehr sehr
stickig schwal
ABSENDEN «4 ’ ’ INFO @ ’

€© ABBRECHEN ’ @ zURUCK




Luftqualitat [ppm]

CO2-Konzentration (ppm) im Jahresverlauf
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Kiihlsaison

.
’

Temperatur (°C) im Tagesverlauf
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[...] Problems






* Open Data and open science

e QOutside living labs: very difficult to access data

e Upgrading smartness of existing buildings
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