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CMU annual 

utility budget 

over $20M

That’s over 

$1,600 per year 

per student!

Background: Carnegie Mellon University

Founded in 

1900 by Andrew 

Carnegie

12,991 Students 

(6223 undergrad)

Goal of the 

Oakland 2030 

District: 

50% Energy 

Savings by 2030

~ 6,500,000 sqft

65 + Buildings

80,000 data points
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IoT, sensors & actuators

The Intelligent Workplace: a Living Laboratory

3/62
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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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0

Monthly utility consumption: Lean Analysis
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ID-F 
Intelligent Dashboards for Facility 

Managers 

With Real Time Building Automation and Electric, Gas and 

Water Consumption



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

Real-Time IEQ Status

Intelligent Dashboard for FM and the Public

Electrical Load Breakdowns



Facility Manager Space and System Read-outs

13

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

with individualized plug load 

meter/controllers



Plug Load Best Practices Guide 
NBI/Pier 2012 

setting up 

workstation

energy detection 

(wow, abandoned technology 

is still drawing power)  



advancing 

C3 qualities

communication

control expert consulting

Intelligent Dashboard  CBPD, Carnegie Mellon University



Field Study – 3 interfaces

Large office building (n=80)

(n=20) (n=20)

(n=20) (n=20)
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Pre During Post Pre During Post Pre During Post Pre During Post

(n=13)                                           (n=14)                                                         (n=14)       (n=14)

7% 13%

39%     34%24%    20%    
6%

9%

2%

13%

1% 10% 9%

17%
9%

24% 27%

10% 14% 11%

32% 35%
57% 43%

16% 18% 10%
9%

41% 43%

65%
44%

Energy Savings Per Group (Pre – During – Post)
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Data Available On Campus

 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)

About 6,500,000 sqft (65+ Buildings) = 80,000 data points



© Copyright 2016 OSIsoft, LLCUSERS CONFERENCE 2016

Challenges On Campus

 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

6 Hardware and BAS dependent vendors 
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Real Time
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Data Repository 

Open Access 

Data

Business Tools

(Microsoft, 

SAP, OSIsoft

PI Clients)

DOE

Websites

Analytics Tools

(transparent, 

ubiquitous, ++)

Data 

Collection
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SEED

PI System

BPD

Laptops/Desktop

Portfolio Manager

CMU: Occupant 

Interface

CMU: FM Interface

Tablets/Mobile

Data 

Filters
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Academic projects

All students and researchers have access to all Campus data

 Through the OSIsoft PI WEB API

 Though PI Coresight

 Through Data Download Webpage

Several Classes using data real time data for projects

 Information 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

Create and download custom report 



VAV# DISCHARGE TEMPERATURE AHU# SUPPLY TEMPERATURE

(Unigrams, K-MERS) from text data

Relationship defining by Data-driven method

Gates Building

10,547 points

Semantic information defining by Clustering

Understand the Data



10,547 X 563 

matrix with 

binary variable

All the text features (563EA)

0 1 0 0 1 0 …

1 0 0 0 0 0 …

1 1 1 0 0 1 …

1 0 0 0 0 0 …
…

1 0 0 0 0 0 …

D1

D2

D3

D4

…

D10547

Analysis of points name semantic with Clustering

287 VAVs

(sensor reading)
6 AHUs

(counting)
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Fault Detection and Diagnostic (Predictive Maintenance)

Save Time, Money, and Energy



PI System

CMU Intelligent Workspace

Future Data / Predictions

PI Coresight

C# Code, 

Python Script

Plotting Real-time and Future Data

PI 2015

CTP

Azure 

Tables/Blobs



make 

comments

report a 

problem

vote 

on posts

ConnectFMS : Crowd Sourcing App  

snap 

photos
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https://reactivespaces.wordpress.com/

Reactive Spaces

INFO. + EFFERVESCENCE PROJECT HEARTBEAT

https://reactivespaces.wordpress.com/2015/05/12/info-effervescence/
https://reactivespaces.wordpress.com/2015/05/12/project-heartbeat/


„Human in the Loop“ Smartphone: 

an Occupancy Sensor, Environmental & Energy Feedback, 

a “Magic” Remote

Innovative Solutions 

CMU CBPD & Technical University of Munich Thesis Projects

528
ppm

77oF
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Questions

Please wait for the 

microphone before asking 

your questions

Please remember to…

Complete the Online Survey

for this session

State your 

name & company

31

http://ddut.ch/osisoft

search OSISOFT in the app store

http://ddut.ch/osisoft
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Thank You

http://www.cmu.edu/cbpdanalytics/


