Tools for Continuous Building Performance Auditing

TOPAs, an open BMS loT
driven framework for energy
efficiency of buildings

SUSTAINABLE
PLACES

Jjune 28 - 30, 2017
MiDDLESBROUGH, UK

a = ===== /™ TECHNISCHE
b = Fraunhoft?si 8.4 UNIVERSITAT




28 30,2017
PMIDDIESBROUGH, UK

sustananis [N ’ The Evolution of Building Management Systems

Smartgtruxuro

SmartStruxurg solution o
‘ i Photo: http://amvsystems.ie
Photo: www.schneider-electric.com

Drebhel's thermostat, early 17 century.
Origins of Feedback Control, O Mayr, Scientific American, Oct 1976

Photo: siemans.com

1600’s Cornelius Van 1950s to 1990s BMS evolved Wireless Sensors, Web
Drebbels’ Incubator from pneumatics to electronics based interfaces, multiple
Thermostat to open protocols like BACnet.  platforms, remote access.
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Bats [
« Specialised, embedded g
devices
* Onboard computation
« Often indirect user
interaction, via mobile
apps

cott Jenson: *Of Bears, Bats, and Bees: Making Sense of the Internet of Things"

“loT is not complicated in conception, but it
is complex in its execution”*

*http://www.eeweb.com/blog/embedded_developer/designing-embedded-systems-for-the-internet-of-things1
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Standalone

BMS

IoT 1.0 — Things Connected to Apps

Connected Things, Sensors, Actuators, Data Sources

App runs on single service —
Single Points Of Failure
Each app writtento a
custom API

Diverse M2M is sometimes
required but can inhibit
interoperability

Software, User data, and
Things are trapped in Silos
Difficult to connect new
types of things and deploy
new platforms

Very difficult to share
resources or connect across
platforms

* Apps are not network-

effect enabled

Michael Koster - 10T Research and Development at ARM
http://www.slideshare.net/michaeljohnkoster/iot-toolkit-and-the-smart-object-api-architecture-for-interoperability

Managed
Portfolio

loT 2.0 — Interoperability

* Easy to deploy new
things and
applications using data
models

* Write once, run
anywhere software

* Any app to any thing
via any M2M, use-
case appropriate M2M

* Network effect
enabled

Applications

a0

-

/

* Object Model
* REST + Event Model
* M2M Abstractions

Models

Machine
Models

Connected Things, Sensors, Actuators, Data Sources

Internet of
Buildings

Endpoints

Sensors
Devices

fthingsquare ‘den Mo

Gateways Server

»

coap ¥ 50

Smart
Objects Cloud
e Mart

* Discovery
* Persistence
* Replication
4 + Resource Access

Repository - Models

* Data Models

Models « Sensor Models

* Machine Models
+ Templates

Registry - Instances

intel

-

16T Solutions

Application
Components

' And

Resources

> Databases

-
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Building energy performance predictions show major differences to measurements.
This is even worse for building blocks.
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Challenges to be overcome

Continuous commissioning

&

Commissioned Measured
Energy Energy
Consumption — Consumption

~> B —> B
C C

D

Tools and methods for measuring and analysing
real building energy performance for FM and ESCOs.

D
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TOPAs Cognitive Loop

* Sense: Device/System connection, data is
abstracted from the environment

* Learn: Big data analytics, models
* ACT: Transform analysis to actions

* Operate: better utilize assets and manage
blocks of buildings, create human value

* Aim: A platform, tools and services to allow

coordinated management of blocks of
buildings




Demonstration Sites

IBM CAMPUS CIT CAMPUS GALEO BUILDING
DUBLIN, IRELAND CORK, IRELAND PARIS, FRANCE
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» Phase 1: System/Building
connection &
connectivity, data sensing
& collecting, data
transport & access

» Phase 2: Data analytics,
APls & processes, services

» Phase 3: Applications &
services — gap reduction,
energy saving, FDD, data

presentation, intelligent
interfaces

TOPAs in Action

Phase 1 TOPAs Core Information Model

. New Site Created . Add Buildings

. New API Key . Add Zones
. Data Collection . Systems & Devices

Data Processing &
Analytics Phase 2

. Occupancy Patterns . Consolidated Data Sets

Occupancy Models

. Building Usage . Data Stream Processing
. Privacy Preservation . Open AP| e

Energy Prediction Control Models

. Calibrated Models . Process Models
. Expected Energy Use . Control Strategy

. Performance Gap . Co-Ordinated Control @

Continuous Energy
Auditing

Integration
Middleware

Energy Baseline

. Historical Data
. Establish Baseline
. Energy Performance

Indicators
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Systems Access Visualisation
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TOPAs Core

. New Site Created
. New APl Key
. Data Collection

Information Model

. Add Buildings
. Add Zones
. Systems & Devices

Integration
Middleware

. Data Aggregation
. Flexible Interfaces
. Secure Comms

Time Schedules

Radiator Zones

Boilerhouse

Post Grad Room Window Conirol 4

Gnd Floor Heating

People Counter:

s El

1st Floor Heating

Vueather Station £l
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Rubicon Gnd Floor Heating Floor Plans Eo
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[ Domestic Hot Water El Heat Metering ]
[ Toilet Extract Fans - a

TOPAs in Action: Phase 1
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JSONLint - The JSOR

Bag Name
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TimeStamp
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RefreshDelay
Status

Label

Visible
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key_val
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CoordinatorS4
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Michael Coughlan

¥ ENERGY ANALYSIS

HMI - common frontend, global view

Welcome back Michae

You have 4 notifications.
n simultaneous heating and cooling April 25th
a Data connection lost and restored Today 10:16 am

u CHP Maintenance Required April 20th

Avg/Month Water (43631L)

-23.82%

Campus Overview

+
P
Nimbus
Leistreworld "
Bishopstown Rubicon|
P Centre
te.
v
E Block
P

Cork
Institute
of Technology

to exit full screen

Total Primary Energy Consumption

Baseline year of 20

Site Level KPIs

culated YTD

Saving
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Avg/Month Electricity (975785kWh)
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CIT Library
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Avg/Month TEPC (3042823)

-23.84 %

Avg/Month Carbon (976026294kg)

-2.38 %

‘Avg/Month Costs(225145 €)

-34.01 %

16.5°C

Tempe;

156.0 W/m2
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Michael Coughlan

¥ ENERGY ANALYSIS
OVERVIEW
Nimbus
Melbourne

¥ ENERGY MAPPING

[E ENERGY PROJECTS

© ToOLS

HMI — model prediction

Electrical

% -6 kW E 5.57 kW

Microgrid Battery

£ -0.1 kw -0.2 kw
o oTW 5 :

CHP Power Wind Turbine

Baseline Electricity Usage

Baseline Gas Usage

Thermal Other [ Today |

0.0 kw 0.0 kw 6.3 kW 3.0 kW

£ e i Q ¢ )
CHP Boiler First Floor Lights

@ 0.0 kw i D.f) kV\f g 0.0 kw .‘a{ i 44.0
Thermal Store Boiler 2 Heat Dump otal Occupants

May Jun Ju Aug Sep Oct Nov Dec

Weather

gj_) 0.03 mm/hr g 154°C

Rain Intensity Temperature

] 2.0 m/s 152.1 W/m2
-

Wind Speed Solar Radiation

69.45%

0.97%%

Today | Monthly  Annual

0.61%

15,203 KWh

-46.48% ¥
507 kw
Thermal Energy used yesterday 8%
esterday (standard deviation) 51.6
19 A AR
126.4 kV
Thermal Energy Model Gap 25.2%

22 Mar 2017



HMI — model prediction

Baseline Gas Usage
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Meter Overview Energy Updates

CHP is scheduled for
maintenance!

@ Meeting is on 1:00pm. Check your schedule to see
detail.
Rubicon 1
Model Predictive
Rubicon =l 14:00 Control
cIT 29/04/2017 Nimbus thermal
controller running, set
Rubicosts point tracking per zone
in place.Thermal
comfort levels are within
user bounds(°C)
First Floor |
Nimbus E
Ground Floor Audit Report
7:00 am End of month audit
External .

report is available for
download, share it with
your energy team

Breakout space

13:00 Occupancy levels have
' increased by 20% over
the last 2 weeks,
occupancy prediction
model has been
adjusted.
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Submit | Device of RN280

Stairwell & Corridor,
t part of CN.FEOCC.PC13 (unknown)

NIMBUS-First 3 . CN.FEPIR.20 (presence)
i CN.FEPIR.2021 (presence)
CN.FEPIR.21 (presence)
CN.FF.PostGrad.WindowCmd.1.1 (window)
CN.FF.PostGrad.WindowCmd.1.2 (window)
CN.FFE.PostGrad.WindowLim.1.1 (window)
CN.FF.PostGrad.WindowLim.1.2 (window)
oo Spage, not part i CN.FF PostGrad.WindowPos.1.1 (window)
CN.FF.PostGrad.WindowPos.1.2 (window)

1 4
=
L1

AN N
/ RN2334) 2
—— 5 CN.FF.Postgrad.Temp (temperature)

! lva IO , i
Office ‘RWS#‘;L?TWM | 8 ' " - s CN.PG.AvgTemp (temperature)

) RN257
e = | A 3 CN.PG.CO2 (co02)
Meeting anci- N Rizss oL N W  Space, - Open Plan Office % | CN.PG.CO2.Nol (co2)

Room — = T )
R Ragu NG - * RNZE0 ’ ., CN.PG.C0O2.No2 (co2)
o | W . f = t hnasan 8 CN.PG.Humidity (humidity)
:li#;ﬁe Be i S apase ‘ Rué néﬁﬁz:z SRNm < it s ) CN.PG.HumidityNo1 (humidity)
Office ) ekl pas SEI= CN.PG.Humidity:No2 (humidity)
= CN.PG.Temp.S4 (temperature)
CN.PG.Temp.S5 (temperature)
CN.Valve.RCV13 (unknown)
CN.Valve.RCV14 (unknown)
CN.Valve.RCV15 (unknown)

CN.Valve.RCV16 (unknown)

SCENARIO @

.L[2E3 Sensors
Actuators (e = /.\:{[e} CO2_open | CN.Valve.RCV17 (unknown)
Sensors ";Q*RNZBO CN.FEPIR.20 gbox001722.CO2Sen (co2)

e e gbox001722.COvISen (covl)

RN280 CN.FEPIR20 EEalAd 4 RN280 gbox001722.CO25en
] 2 ) ghox001722.COMen o)

Actuators [ RN280 CN.FFPostGrad WindowCmd.1.1 Set (TR gbox001722.FinPartSen (finpart)

RN280 CN.FF.PostGrad.WindowCmd.1.1 Set ({3 = gbox001722.HumSen (humidity)

gbox001722.LAeqSen (laeq)

30} BhEE gbox001722.C02Sen  ERMNATI ") gbox001722.TmpSen (temperature)
gbox001724.CO2Sen (co2)
gbox001724.COviSen (covl)
gbox001724.COvtSen (covt)
gbox001724.FinPartSen (finpart)
gbox001724.HumSen (humidity)
gbox001724.LAeqSen (laeq)
gbox001724.TmpSen (temperature)
gbox001726.CO2Sen (co2)
gbox001726.COviSen (covl)
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Thermal Comfort

Energy price

Advanced controllers

Outdoor

! Zone occupancy

Information exchange
between zones : possibly,

7 #occupants, heating

power, windows opening

temperature, heating power,
CO2 level, windows opening
Measurements for the room:
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Conclusion

 TOPAs core services and add-ons

* Aggregated view of buildings

e Common front end

* BMS extension

* Advanced models taking into account user comfort

 Demonstration on real buildings
— Currently monitoring 1200 data points
— 3 blocks of buildings
* Targets:
— Gap reduction to 10%
— Energy reduction up to 20%
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Thank you

Questions?



