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Background: Carnegie Mellon University

Founded in CMU annual
1900 by Andrew utility budget
Carnegie over $20M

12,991 Students That’s over

(6223 undergrad) $1,600 per year
per student!
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Goal of the
Oakland 2030
District:

50% Energy
Savings by 2030

~ 6,500,000 sqft
65 + Buildings
80,000 data points

" Pittsburgh,
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The Intelligent Workplace: a Living Laboratory

Heating/ Cooling
Loads

/" *Economizer
« Night ventj

Mechanical
Ventilation Loads

pvative Controls of Integrated
| y driven, Predictive lo:
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ID-C

Intelligent Dashboards for Corporate
and Campus Portfolio Managers

With Monthly Electric, Gas and Water Bills
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2013 Utility Consumption Executive Summary
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@ Rank of Potential for Saving by Resource Type and Building Type

@ Office Energy (Electricity + Gas) @ Office Water
potential savings of: $2.3 million potential savings of: 5287 thousand
from top 25 energy expenditure buildings from top 25 water expenditure buildings

Engaging Stakeholders in Building Energy and Water Reduction
Kai-Wei Hsu & Ting Wang

@ Retail Energy (Electricity + Gas) @ Retail Water
{41 i

potential savings of: $452 thousand potential savings of: 5250 thousand
from top 25 energy expenditure buildings from top 25 water expenditure buildings
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Monthly utility consumption: Lean Analysis
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&2
2 Out of the top 25 energy intense office buildings, 2 do not use gas.

2011-13 OFFICE BASE LOADS gaasn s [0 @ (@
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1 Base loads MAY entail loads from:
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2011-13 OFFICE COOLING

of PNC’s 25 Highest Energy Use Intensities
Office Source Electricity

2 Cooling electricity (area under the curve) needs to be addressed in these buildings:

&3

1 High cooling MAY be due to a building’s:
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1 High heating load MAY be due to a building’s: o

2011-13 OFFICE HEATING

gl

of PNC’s 25 Highest Energy Use Intensities mﬁg z;—>£
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Poor Heating System Poor Seasonal
2 Heating (area under the curve) needs to be addressed in these buildings: Envelope Inefficiency Operation
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Kai-Wei Hsu & Ting Wang

Engaging Stakeholders in Building Energy and Water Reduction
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ID-F
Intelligent Dashboards for Facility
Managers

With Real Time Building Automation and Electric, Gas and
Water Consumption
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Intelligent Dashboard for FM and the Public

GECHUB:=

PHILADELPHIA NAVY YARD BUILDING 101

Building101

Explore the site to see the energy consumption
and LE.Q. status of the facility.

Real-Time IEQ Status

Today's Energy Consumption
1,229 kWh

©000

Electrical Load Breakdowns

NAVY YARD BUILDING 101 38°F 62% 420PPM
LEQ TEMPERATURE HUMIDITY €O,

NAVY YARD BUILDING 101 iz
ELEGTRICITY CONSUMPTION BB&“!‘““

THIS WEEK

27,711 Ibs CO;

$1,178 O i iy iy wedeesiny | thusday | rocey | Sanedy

A B8 Pugs I Lights

< Jani2-Jan18,2014 > mm

o 26 &

Hour by Hour Energy Consumption Maps (8760 hrs/I yr)

NAVY YARD BUILDING 101 iz
ENERGY CONSUMPTION .H_E_an ’
Wi 0 3 & 8 12 CCF M

12am  2am  4am Bam Sam 10am  Noon 2pm  4pm  Gpm  8pm  10pm  12pm  Degree Days  Daily Total




Facility Manager Space and System Read-outs

AH U 1 Building Automation System 9/30/2013 10:25:00 AM
b Scientific Database 972972013 12:01:00 AM

Second FlOOI’ @) walt Sensor (&) Aircuity
(® pyranometer (©) Glazing Sensor
R Return Air Flow (cal .07 | i  |[External Pressure
E ":'“ K External Pressure Stpt.
e o TTF Supply Air Flow 54 perature 5
[Outside Air Temp. 734 627 | F ,—P—A e 8 %
== osition 84 Avg. Supply Velocity
rCond ir Temp. 742 | F ply Temp.
t. Pressure | .0.07 | in Systems Flow & Ener; ir Temp.
idif 42 YS erey ir St. Pressure
T676] F | ir RH
Static Pressure 0.07 [ in | i

Return Air Mixed Air ; After Heating Coil Supply Air

201_VAV_A-6

Outside Air Heating Coil / Boﬂer Evap. Coil & Cond Unit
Temp 3 [ Status HW HeaL Valve - [gu-
T 7 Liquidline Temp Fan Speed | 16 |
I.‘-

|_|Fan Speed
Fan Speed

. Fres| mp.
vg. Fresh Aereloc

Alarm  Cold Comfortable Hot Alarm Damper Position 13

e

More than 20 Universities can access and share real time building information
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Intelligent Dashboards for Occupants

with individualized plug load
meter/controllers
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© O O /[ pash Board | Plugloads Prof  \| |

& C' | [ rayyun.net/test02/upload05/workloads/profile.php ol N

Overall Temperature Ventilation Lighting Plugloads

Plugloads Profile

= Make a List of Your Appliances
Etsy mixtape wayfarers, ethical weas anderson tofu before they sold out mcsweeney's organic lomo retro fanny pack lo-fi farm-to-table readymade. Messenger
bag gentrify pitchfork tattooed craft beer, iphone skateboard locavore carles etsy salvia banksy hoodie helvetica. DIY synth PBR banksy irony.

Computer

Your Plugged-in Stuff
[ Scanner i
- L
‘ Toaster [
Desktop Laptop Printer Scanner ’ Desktop &

Typical wattage: 30W Typical wattage: 30W Typical wattage: 30W Typical wattage: 30W

— == . = S .

Save and Go to Step2 »

Cooking

Water Boiler

Typical wattage: 30W Typical wattage: 30W

n Coffee Maker Microwave Toaster

Typical wattage: 30W Typical wattage: 30W

Percent of Total Electricity

Office Equipment Plug Loads as a
Percent of Total Office Electricity

§

§

E

U5 - 2003 CA-2006  Seandard Office - High Efficiency
2012 Office - 2012

Plug Load Best Practices Guide
NBI/Pier 2012

\/
setting up

workstation
energy detection

(wow, abandoned technology

is still drawing power)



Intelligent Dashboard CBPD, Carnegie Mellon University

Plugloads
< Oct20-0ct 26,2013 > Day Week Month M W > Compare Widget
100
75
. <€— communication
3 ¢
> Sunday Monday Tuesday Wednesday Thursday Friday Saturday

8 Laptop M Left Monitor (Main) @ Right Monitor ll Phone

advancing

.
C3 qualities o B Your Ussoe, | Yo Sevosn Recommendaton @ @0

* Set up your computer Power Management Settings to

[l ' Laptop m 1065:74Wh 728% save up to 57%. See how to
* Adjust your screen brightness to save up to 12%. See
B W et Monitor (Main) m 548.62Wh 12.30% bowt
2 * Adjust your screen brightness to save up to 12%. See
B B right Monitor [ on | @ 891.72Wh (14.03%) o
|
. & Phone m 386.3Wh 1.25% * Tum it off when not in use.
Total m P 2881.78Wh 1.87% * Not Bad! Last week you saved an overall 1.87%

© Intelligent Workplace Dashboard 2013 T T

control expert consulting



Field Study — 3 interfaces

¢ den0S-datnoM > Wk M B N e e

(n=20)

Large office building (n=80)

Ray Yun, Intelligent Dashboard CBPD, Carnegie Mellon University



Energy Savings Per Group (Pre — During — Post)

7% 6% I 13% 9%

IRRILE B I i el
% I

3% 0%

2%

0,
n 1% 0% 9% 9%

24% 27%

Pre During Post Pre During Post Pre During Post Pre During Post

D (n=13) @ (n=14) @B (n=14) @B (n=14)

[ Day M Night ¥ Weekend ]

Ray Yun, Intelligent Dashboard CBPD, Carnegie Mellon University



Data Available On Campus
About 6,500,000 sqft (65+ Buildings) = 80,000 data points

= Revenue Grade Electric Meters installed on 30+ buildings
(query each second)

» Building Automation Systems for 15+ buildings
* Building Water consumption data, Building Steam meter data
= Environmental data

= Weather Data (on Campus and nationwide with 1300 weather
stations starting 1/1/1970)
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Challenges On Campus

6 Hardware and BAS dependent vendors

= Multiple BAS vendors: Siemens, Johnson Control, Automated
Logic, American Automation, Delta, KMX

= Each with a proprietary portal for access and data visualization
= Limited trending capabilities

= Data gets overridden or lost over time

= “Expert” needed to access the data and identify potential errors
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City/Large Building
Portfolio Data

Building
Attributes

Energy

Bill —

Real-Time
Sub-
Metering
Data

7

Real Time
BAS/Sensor
Data

p

>

L |

Pl System

SEED API

> 1

SEED

Data quality control and labeling
using BEDES taxonomy

BPD <

&

>

Data
Collection

Data Repository

Data filters with analytic tools

Data
Filters

p

>

Business Tools
(Microsoft,
SAP, OSilsoft
Pl Clients)

Open Access —

Data

DOE
Websites

Z

>

Analytics Tools
(transparent,
ubiquitous, ++)

Cod

Laptops/DesktopT ablets/Mobile

CMU: Occupant

Interface
2 Portiolio)zr ager i

\ Portfolio Manager /

Interfaces/Data Analytics Reporting
Policy Makerse Building Engineerse Building Occupantse Publice Researchers



Academic projects

All students and researchers have access to all Campus data
= Through the OSlsoft Pl WEB API

= Though PI Coresight

= Through Data Download Webpage

Several Classes using data real time data for projects

» [nformation System Students (Connect FMS)

» Architecture Students (Reactive Spaces, CBPD Masters)
= Heinz Engineering and Public Policy Students (Big Data)
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Campus Open Data Access

Open Data Access: CMU Building Energy Portal

CMU_Students
Make a Building Data File
File Name: ‘ name with digits or letters or punctuation csv
i - [ BT : Available Building In PI
Reaint.Naive: Building Name | Optional Input : ding
) - - = Baker Hall -
i ) o Boss House D
Parameter | Optional Input Q Dithridge St Garage
. Doherty Hall West
Donner ~
Searching List

Selected List

¥t

Time interval:

please input only digit ! minutes ~ ‘

Data Range: = -
® Reiative time

Past | please input only digit hours

© Specific Date

From | please select a date i

| To |default as today :

Create and download custom report
@) osisot. USERS CONFERENCE 2016
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Gates Building
10,547 points

VAV# DISCHARGE TEMPERATURE

| e ]
U\"J i‘l‘
|

Understand the Data

B E TE I o i | F G
Location Icontrol Program Name Value Object ID Device D Object Name
| 2 |/camegie Mellon University/Oakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classreom VAV | Flow Control / Flow Input 682.0cfm Al DEV:2401203 flow_input_1
| 3 |/camegie Mellon University/Oakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV  Zone Temp / Zone Temp 70.1F A2 DEV:2401203 z0ne_temp_1
/Carnegie Mellon University/Dakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV | Zone Temp / Override Time Remaining 0.0min AV DEV:2401203 override_time_remaining_1
/Camnegie Mellon University/Oakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV | Discharge Temp 563 F A3 DEV:2401203 |da_temp_1
| & |/camegie Mellon University/Oakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV Zone CO2 4550 ppm A4 DEV:2401203 20ne_co2_1
/Camnegie Mellon University/Dakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV |OCC Sensor On BI:1 DEV:2401203 |occ_sensor_1
/Carnegie Mellon University/Dakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV |HWY Command 8.3V AO:1  DEV:2401203  hwyv_command_1
/Camnegie Mellon University/Dakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor  Room 3000 Classroom VAV | Airflow 685.87 cfm AV:2 DEV:2401203 flow_1
| 10 |/camegie Mellon University/Oakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classreom VAV | Airflow Setpoint : DEV:2401203 flow_sp_1
11 _|/Camegle Mellon University/Dakland Campus/Gates-Hillman SCSC/SCSC Gates/Third Floor Room 3000 Classroom VAV | Cool Reguest DEV:2401203  cool_request_1

(Unigrams, K-MERS) from text data

Y

Semantic information defining by Clustering

|
VN’

||

AHU# SUPPLY TEMPERATURE

!|
|

“bl

[ty

Relationship defining by Data-driven method

| |

lr’»/‘wrw\'r\-/‘*m
|

| I‘ I‘l




Analysis of points name semantic with Clustering

All the text features (563EA)

D, | 010010... —
it Dz | 100000 BN
binary variable D3 111001 ... - H++P—w n WJ || lw _‘?

D 100000... 0 e A W

Tl

Digsaz 100000 ... -

287 VAVs €——> 6 AHUs - . l}

(sensor reading) (counting) e T



Fault Detection and Diagnostic (Predictive Maintenance)

1 Collect Data
Real-Time

2 Train Model

against baseline

1, Showing representative sample.

Mullion Valve Faults

Predicted RWT 14, and IW MULL 14 RWT by Time

e Predicted RWT 14

Filters <X
VIEW

4 Fault Mullion 14 Ae
@

[ an

[ System OF : No Diagnostic
[ Valveiin Faute

[vaveok

8 1
80 -
& W MULL 24 RWT -, He
< A @y
o .
Show items for which the date:

6
0 ‘ is on or after ad |
55 \ =}

0

-

3 P re d i Ct ( p roj e Ct) EMiy‘ZEV May 30 Jun 0L Jun 03 Jun 05 in07 Jun Junll Junl3 Jun15 Junl7 A""d i
baseline behavior R

apply filter
e Predicted RWT 14
T MULL 14 RWT

4 Measure variation between ” A
prediction and measured . |
behavior :

5 Trigger notification, corrective actions R | e

© Copyright 2016 OSlsoft, LLC 26
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Building
Attributes

Submetering
Data

BAS
Siemens
Automated
Logic

....................

Pl Interface

A uregﬁme atn?I Transmit |

—
Assets / Events

iﬁi’r Cleanse Shape |

Pl System: System of Record / Real-time Analytics

 Asset Basel
Analytics

Data

A

ML Studio

Azure B ||
Tables/Blobs
[ 1

aAIy2IY eleq Id

Azure laa$ PI
System
SQL 2012

Mullion Valve Faults

Pl CIouJEonnect

Asset
Framework
Server

Pl 2015

CTP

N/

Pl Coresight
Web Server

C# Code,
Python Script

Future Data / Predictions

Plotting Real-time and Future Data

) Office 365

Power Bl for
Office 365

Self-service analytics for all your data

Pl Coresight



report a
problem

ConnectFMS : Crowd Sourcing App

3 N 7 ifls2% M 10:59 AM

= ConnectFMS Q

Report Issue

Location *

m dolor sit amet, consectetur adipisicing
) eiusmod tempor incididunt ut labore et
magna wirl

Issue Type

Image

CHOOSE FILE

Severity *

A o

SUBMIT CANCEL

3 N

ConnectFMS

> .ll82% 1l 10:59 AM

Q

snap
photos

make ||

CUC Pool

Door is locked

11:10 AM Wednesday, March 2

1.

X

Current Votes:1

comments

BH 235B

Lights on

FILTER

20
b
vote
on posts

CREATE



Reactive Spaces

https://reactivespaces.wordpress.com/

INFO. + EFFERVESCENCE PROJECT HEARTBEAT
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https://reactivespaces.wordpress.com/2015/05/12/info-effervescence/
https://reactivespaces.wordpress.com/2015/05/12/project-heartbeat/

Innovative Solutions

»2Human in the Loop* Smartphone:
an Occupancy Sensor, Environmental & Energy Feedback,
a “Magic” Remote

CMU CBPD & Technical University of Munich Thesis Projects




Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

=~ | DOWNlOad the Conference App for
- = | OSlsoft Users Conference 2016

) [ App Store
* View the latest agenda and create your own

P Google Play

S HTML

* Meet and connect with other attendees

http://ddut.ch/osisoft

@ osisot. USERS CONFERENCE 2016
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http://ddut.ch/osisoft

) LA L T 18154
Danke

BLY Merci Gracias
s Thank You
w2 BOHES
y
W http://www.cmu.edu/cbpdanalytics/
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