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How to achieve sustainability in
buildings using the Pl System ?

Demonstrate real-time, analytic and visualization
capabilities to integrate, monitor and diagnose building
performance indices.

Occupants become key players of the building control and
life. e -
Energy . N »Lﬂ!!..{ﬂiiklfl,‘fgi,‘i'jll':,1,4‘*%’{'\,”,,A ‘ “w‘ﬂ .
H“B Einelont Carnegle Mellon Se——— ..I —s
gs
Hub
Challenges Solution Results and Benefits
«  Monitor, diagnose and * The use of the Pl System Energy savings, carbon
optimize building as an integrated platform footprint reduction
performances * Pl Server, PI AF * Improvement in building
- Engage occupants in « Pl ProcessBook, PI occupants satisfaction
sustainable behaviour and Coresight, PI Notifications Gain in productivity
ene ti . i i -
rgy conservation Other Innovative solutions - Increase of the building
Market Value
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The Intelligent Workplace

 The Robert L. Preger Intelligent Workplace, built in 1997, is a 7000 square foot living
laboratory of office environments and innovations located on the campus of Carnegie
Mellon University.
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View of the sensors/actuators density
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Test and Integration of several systems:

The Intelligent Workplace
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SN

100 Zumtotel LaTrave Fixtures

Lighting/Daylighting/Shading Systems

17.2 } 24.0 |
© 36 Pico Fixtures
© 12 Zumtobel Dancer Fixtures
T

® 23 Floor Light Fixtures l Srovpd GroupiS s

F[ F F [F[F F FIFILF T F[F ] 3
@ 8 Fire Alarm Light Fixtures ﬁ I:' I:'
- Ll Lf

5 Fire Exit signs

E 10 motorized blinds

N R

10 24VDC switches 1] BB H Group 6 Group 7
65 motorized blind: Office 1 é Office 2 Office 3 E
E 130 110 VAC relays i R 100 Zumtobel LaTrave
i i L Uy relocatable luminaires

5 1 ) g g T 20% up, 80% down light
| L Ll | =0 1-100% dimming ballast
’ e, § 2 x 55W U-shape lamps
= l LPD 1.63w/sf.
-

Il
I

Group 1 Group 2 Group 3

-
.\fi;ua! transmission 68 %

\—/

12 track light :

el 15W LED
7 Daylight Redirection Louver sets DV R 3000 K
3 tiers e 770 Lumen
0" (closed) - 105° (fully open) ¥
208V, single phase Interioﬁ\\ Exterifi(

OSlsoft. USERS CONFERENCE ® @OSIsoftuC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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10 LTG Coolwaves

Individual on/off paddle control
Manual override

Combined zone temp control

!

Thermal/Ventilation Systems

25 groups of Gartner
water mullions

Each group w/ one
modulating valve for 4, 5,
or 6 vertical pipes

25 surface temp sensors
for the zones

Conference Space

11114

SEMCO Desiccant Air
Handler with Heat Recovery
Heat pump and gas
regeneration

OSlsoft. USERS CONFERENCE 2013

8 Motorized Traco
Windows for Natural
Ventilation, Night Cooling,
0- 33" Opening

® @OSIsoftuC | #UC2013

4 LTG and Trox
radiant ceilings with
insulation

Individual on/off/
modulating control
Manual valves

K 1
SamiNy =

SRR

37 Manually Operated
Windows
Drop/kick aperture

© Copyright 2013 OSlsoft, LLC.
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Why an integrated platform?

Plug Loads

= Energy storage

/]

Power generation Daylighting

* Heat from electric lights
* Shade/ daylight balance
¢ Passive soar heating

Heating/ Cooling
Loads
& occupant comfort

* Vetilation wi ermal Maximized Natugéhve
* Heat\Recovery * Economizer
* Displacaqent Ven ﬁil * Night ventilafion cooling

Mechanical
Ventilation Loads

= Cogeneratio|
* Cogen of cod

Natural Ventilation

CMU/Siemens Innovative Controls of Integrated

Passively driven, Occupancy driven, Predictive load. driven - May 2011

CMU/Siemens Innovative Controls of Integrated Systems
OSlsoft. USERS CONFERENCE 2013

@ @QOSIsoftuUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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What is really happening in buildings ?

Temperature at 4ft from Floor (°F)

.
85 —
Heating Season Neither heating Cooling Season
nor cooling
.
.
80 ° *
. ; .
s * Comfprt zone in cooling season i s '
. 0
. 73~7¢°h+ @ L
e o 8 o ( i ] -§ H .
Ou- sese @ [ ] '!' ° [} ..:..
2. N 8.3 -§- (] ' s s
o 75+ 3 ' s o S "R & N ' .
3 [ ] w'X ® o 0. . e aspe '
® . s ¢ O °w E ' ° . 'é . . '
4 ¢ 3 goodeir . [] e o ® o o
H e . H °
o ' oryd ) l 2B & % o 0 s
£ Y . e ! ‘v . H .
o . ] o ... 3
[~ . ] 809
70 - - : SIRE ~ . . o8
Comfort zone in heating season L L . L] '
(68~ 75°F) * . : . H
. . -
° NOTE:
* Standard
. Resource:
65 ASHRAE
o Standard
55[1992]
T T T T T T K T T T T T T T T T L T T T T T T T T T T T T T T T
KC1 KC2 ATL1ATL2 JH1 JH2 H3 DV1 DV2 DC4 DC5 DC7 SF1 SF2 SF3 SF4 DV DC1 DC2 DC3 FW1 Fw2 FW3 RN1 RN2 CHI DOJ BL2 BL3 BL4
Average Temp. 735 747 760 754 735 729 741 743 738 756 762 756 716 724 746 715 740 71.9 709 734 749 748 750 770 741 754 758 702 708 712
Outdoor Temp. 57.2 572 687 687 27.0 27.0 27.0 380 380 51.0 510 510 585 585 585 585 734 716 716 716 680 680 680 702 702 630 779 828 80.0 856

Facilities

Example with indoor temperature (CMU studies for GSA)

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Overcooled/Overheated = better comfort?

Measured temperature ('F) {(cooling season)

Comfort zone in cooling

. season: 74-82°F
s (ASHRAE55-2003)

O loseseee
0 Jonssssesese

-
-
65.0 57.5 7 o 775 S50.0 52.5

COPE Survey of thermal comfort in cooling season

25%

20%
15% -
10%
.

Very Unsatisfactory SI ghtly Neutral Slightly Satisfactory Very
unsatisfactory @& = unsatisfactol satisfactory satisfactory

“Temperature in your work area?” (n=140)

With appropriate engineering, raising summer temperatures in federal facilities would
measurably improve employee satisfaction with thermal comfort and reduce costs.

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftuC | #UC2013 © Copyright 2013 OSIsoft, LLC.
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What are the steps?

1. Integrate all these information

2. Information needs to be accessible to Facility Managers

3. Continuously monitor and diagnose building performances
4. Information needs to be displayed to the public

5. Information needs to be displayed to building occupants
6. Building occupants need to control their environment

How to do it ?
The Pl System

~

© Copyright 2013 OSlsoft, LLC. 0]

® @OSIsoftUC | #UC2013 y

OSlsoft. USERS CONFERENCE 2013



The Pl System at Carnegie Mellon University

IW Data Flow

Email/Mobile Notifications

- N / Facility N\ g ™
HOBO / Pl System \ End User
(Weather Management (Office Occupants)
Data) XML / BACnet
Pl Asset ) pI
----------------------- Framework - z
7’ ProcessBook
ENCELIUM % Server
(Lighting) ; A
= Proprietary Qb‘o \
[\ 7N \
N &
APOGEE 2 ¢
(BAS Data) < Pl Coresight
N— s || % Webpage
VERIS al ! N
(Electrical ! iPad
Data) s Proprietary (PI Coresight Apps)
\\
Plug Loads ; Pl Coresight N MySQL b
Devices Web Server 7z Database N \:; <
AN
Aircuity Wifi Zighee é = Individual Mobile
SEMCO ! p| . v
LabVIEW : ugwise ; == -
Source :
! Web Server E uun.u.L“!"!nlmu
i (Touch Screen) | =
-------------- — E csv : SaWEEm s
E I""""""""""""""""""""""""‘: ‘\‘ Dashboard
________________________ Control T —
Integrated Platform
OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Facility Manager Interfaces

Energy Trend Hourly Consumption

i] 2
3/30/2013 11:29:56 AM  #, =, 2.00 hours < & 3/30/2013 1:29:56 PM

3/30/2013 5:29:56 AM 8.00 hours 3/30/2013 1:29:56 PM

o Hourly Power Consumption Panel 2
+ Apogee Energy Demand fc

< Lighting Instant Power Usage

Weather Condition
L} ] ]
:SEMCO Electri_c Consumptiot«

S ity S
Revolution
; 0.17 KW Electric Usage Trend

52 (102
Heat Recovery
0.02 kW

Veris System MainBoards ‘ Lighting Consumption

3/30/2013 5:29:56 AM %, =, 8.00 hours < » 3/30/2013 1:29:56 PM
# Outdoor Temperature

PumpConsumption Plug Loads / Electric Systems 5 02 Cumul Consumption Detailled Graphic

3/30/2013 9:29:56 AM &, 2,400 hours < 3/30/2013 1:29:56 PM

» Total KW Instant Electric Power Panel 2 Dashboard
+ Lighting Instant Power Usage

Core:

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. (A



Energy Performance Tools

* Benchmarking

* Energy Information Systems

* Energy Anomaly Detection

» Fault Detection and Diagnostic

« Quality control at the components, the
equipment and the system level

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013
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How to inform Facility Managers?

« The use of Pl Notifications to pisystemnotifi...
trigger quality control : m— — —
— Sensors drifts over the time ar 25,201 208 P

— Abnormal values

— Losses of connection to sensors,

systems

« Email or text notification
(virtual SMTP server located
on the Pl Coresight Server)

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013

Quality control test on the
AHU 3 detected high
differential pressure

across the system. Please

L\verlfy the filter condition.

The temperature is above l

71F (71.888F) in the
Intelligent Workplace.
Check hot water supply
| status

=Y D

SMS Notifications

~

© Copyright 2013 OSlsoft, LLC. (il Pal
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Public Interface

homepage

:5; PI Coresight

[o]e|m

New Undo Redo Messages

(@) | W Energy Dashboord | W (Readt Oniy)

State Mechanical Sy | | Heating Demand for all the IW. 5 kW | | Apogee All Cooling Demand 0 kW | | Total Electrical Power Demand for 13.73 kW | ‘ Lighting kW 017 kW | | Semco Gas Consumption in K 0.061433 kW
80 20 125 N 2
@ - @ - - s R 0
a o2 o %
2 N @, o 2 %
® .
] 5 e 3 - -8
2 2 Pe -
% 3 o s
0 o 0 o 0 & 0 0 ©
Name » Description Value Units Trend  Average Minimum Maximum StdDev Range.
Apogee Al Heating Demand eating Damand for allhe W s bl 584 0 125 24 125
Total kKW Instant Total Becuical Power Demand for all W 1373 ], 1077 sa12 1718 1402 8365,
Name Description * Value Units Trend  Average Minimum Maximum StdDev Range.
North Avg Temp North Average Temperature 726 Famvennait N 75 697 75 134 375,
North IWINorih Avg Ii Nerth Average luminance 8575 L ~m 3363 0 1089 o7 1389

® Total kKW Instant
1373 KW
181407355

17

©  Apogee All Heating Demand
5 W

VVVT——

3/27/2013 10:48:26 AM

Tiz o

OSlsoft. USERS CONFERENCE 2013

(i (sh) [1d) [1w] [imo]
T2om

Mar 15 20

Pl Coresight on Touchscreen Displays

® @OSIsoftUC | #UC2013

3/28/2013 10:48:26 AM
T

4

© Copyright 2013 OSlsoft, LLC.
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How and why do we engage building occupants?

Recommendations

Select you are working on
{(background shows current light condition)

Right Amount % DY e el o direct sun. Lift left blinds
o ;‘ﬂ: ® .
— — Ceiling Light Turn ceiling light to 30%
Desk Light Keep task light off

Daily lighting energy consumption (kwh)
and saved CO2 emissions

User-side Blinds aEseaEEEilIEs

User-side Blinds Ceiling & Desk Light

Ceiling Light (max 440 w)

-I_’ 05 Equals to 10 Trees’
0 20 40 60 81 100 3.5-

Carban Dioxide
Desk Light
(13 W)

Absorption per Day
Direct Sun Light Control | ., | jft | eft Blinds §| @ Close Left Blinds

The Impacts of Real-time Knowledge Based Personal Lighting Control on
Energy Consumption, User Satisfaction and Task Performance in Offices
Yung Gu, PhD dissertation

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.



Lighting power demands with different user controls

Lighting Power Density (w/sf) and Desk Illuminance (Ix) LPD and user satisfaction with light level
e
- . . °
E Em LPD (2/3C + 1/3P) === llluminance for computer-based W LPDin Fixed(w/sf) m LPD in Manual Control (w/sf) m LPD in KBMC (w/sf) .5
- -
:' === |||uminance for paper-based - 2.0 2.0 ﬁ
o = —
8 20 00 3 "g %
g . _— 636lx [ 50 5 > P G
g b - 500 g @ B
a - 400 2 8 1.0 - 5
g 10 = 5 ' I
$ - 300 ¥ g )
2 - 200 O 5 <
w 0.5 & 0.5 A L
£ - 100 e o
= 2 <
& 0.0 0 - k4]
- -
- Fixed Manual Knowledge 0.0 3
Control based MC Computer-based task Paper-based task

« Lighting power demand was significantly reduced in Manual Control (MC) compared to
Fixed (F) and was further reduced in Knowledge Based MC (KBMC) regardless of task

type

« For paper-based tasks, the light level was significantly increased in MC and KBMC
compared to no control (Fixed) because task lights were used.

4
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Engaging occupants to save plug load energy

Overall ‘emperature Ventilatior Lighting  Plugloads

Plugloads Monitor

Your plugload energy consumption is displayed below in bar and line chart formats. You can view your daily, weekly and monthly energy consumption. You can also
compare your consumption to others in your office

= Control

< Mon, Mar 25, 2013 > Day Week Month Year Wl M 2 Compare =

150

"

Communication

4pm Desktop: 33.00Wh

Dashboard : 55

H |
L EHTI
SANRNRRRURRRRRNRNNNRN
2am 4am 6am 8am 2pm 4pm 6pm 8pm

10am 12pm 10pm

I e at u I e s 8 Desktop @ Monitor 1 [ Monitor 2 [ Task light {8 Laptop

Recommendations .
Recommendations specific to your appliances are given to reduce energy consumption. You can also control your appliances from this panel l Xpe ’ l COnSultlng
—

,’ ! - 42 ' > [Recommendation]

Control — Desktop On_ off Monitor 1 On_ off Monitor 2 On_ off Task light on_ off Laptop on_ off

Wh

Mode: Active (>1hr) Mode: Active (<1hr) Mode: Standby (<1hr) Mode: Active (<1hr) Mode: Active (<1hr)
Type: Special Type: Non-sensitive Type: Non-sensitive Type: Sensitive Type: Non-sensitive
What you can do now: What you can do now: Whatyou can do now: Whatyou can do now: What you can do now:
« Please set up the power « None « None « None « None

management for energy
efficiency. See how to

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftuC | #UC2013 © Copyright 2013 OSIsoft, LLC.

4

18



Study results of users engagement

Energy Savings (CFA n=7)

60000
50000 30%
Energy
Saving 54%
40000
79%
S " Weekend
30000
H Night
N Day
20000
15%
10000

2 Weeks Before Intervention 2 Weeks After Intervention

" 4
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End Users Interfaces

e

9:44 AM

" IW Energy Dashboard

e

Flore/.

11:40 AM

yun Space IPAD

State Mechanical System

Heating

Name A

Apogee All Heating
Demand

Total KW Instant

Heating Demand for all th

Apogee All Cooling Dema

Total Electrical Power De [ Lighting kW Occupancy Signal

Unoccupied

System Status

Heating

Ventilation State

Natural

Louvers Status

Closed

Artificial Lighting Dim

(o}

Space Size

300

2

SpacelT

11.31

W 0.17 kW
= ==

Description

Heating Demand for all the IW

Total Electrical Power Demand for all IW.

Trend

S
e

Average Minimum
2882

68 12

Description W

North Average Temperature

Daylight Level Apogee

Value  Units

723

Fahrenhet

1418 Lux

~J
)

Name ¥ Description

Average Minimum Maximum StdDev

Flore/Jihyun/Rohini

SpacelTemperature Dry Buid Temp (F)

712
Flore/Jihyun/Rohini

A Relative Humidity %

Flore/Jihyun/Rohini

Total kW Instant
1131 kW

18 140 5

Apogee All Heating Demand
4w

CO2 Level (ppm) s14.67

Wy
NNy

ppm

Wy

Average Minimum

732

as2.82

Maximum

550.37

==
Temperature (F) Mullions Surface Temp Relative Humidity

NANTOAA,

OSlsoft. USERS CONFERENCE 2013

anona, owase v (NS

Pl Coresight on iPad

® @OSIsoftUC | #UC2013

CO2 Level (ppm)

514.67 ppom
2Ty

zz
Supply CFM
1000 2 1500
1750

DayLight Level (Lux)

1000 | oo

1400

800,

1.800

6d 22h
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How to engage them?

il Verizon & 1:41 PM <7 87% b

Messages = pisystemnotifi...  Edit

Before we turn on your

The building occupants as key —-
players in the building control :  gersreve

Daylight is a free energy

1-Night ventilation (extensive Lsourcs

If you open your window

N |g ht COOI I n g Strateg | eS) before leaving tonight, we

can use night ventilation to

pre-cool the building for

2-Daylighting first fomorrow. g

| ventilation is a free energ

' 1 You forgot to turn off your
3'Fr|end|y rem|nder3 light. Could you sign on
and turn it off remotely?

Electricity use when you
are not in the office is a

O o D

© Copyright 2013 OSlsoft, LLC. 2 1]

® @OSIsoftUC | #UC2013
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Integrated Dashboard Interface

My Daily Savings

e,

Ventilation Lighting Plug Loads Py
My Energy Consumption My Environmental Conditions

[Tl Ty Rrr— W View OA Data.
Power Consumption at 6.31P.M. on 4/26/12 - 1 :
1600 ¢ " i :
- 1 :
2o -33% = 3
£ || »$

g 800 " \ I

2 W e
- 23% “ N

w0 NIINL

-40% -50% “ |

200 j

. i FEETTRTTTEETEEN

Thermal Potential Plugloads Potential Light Potential Ventialtion Potential =
Reduction Reduction Reduction Reduction
20 Kwh My Overall Energy 90% My Overall
Consumption R Comfort Levels
«c N
‘ Overall Office Energy Savings

27,722 Ibs of Co2 Saved
... 0..

5 Trees Saved

WARNING
Please Check
‘Plug Loads’

Food Donated

My Commitment ‘

\

D &

.
& Message to Facility Manager

OSlsoft. USERS CONFERENCE 2013

Share n O

® @OSIsoftuC | #UC2013
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Innovative Solutions

We Integrated two Controls into a Smartphone:
A “Magic” Remote and an Occupancy Sensor
a N

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. 231
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Home Gestures

Embedded Video

~

© Copyright 2013 OSlsoft, LLC. (¥
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Use the iPhone sensors to select targets

Remote Control Occupancy Sensor
-“ . Ouancy Sn
_Coogle e
Data from the Gyroscope, the Geo-fencing
Accelerometer and the Wi-Fi triangulation
Compass are integrated. Bluetooth (computer-devices)
Electrical signature

OSlsoft. USERS CONFERENCE 2013
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Conclusion

* The use of Pl System for:
— Integrating information
— Diagnosing performances
— Displaying information (Visually and easily
understandable)
— Supervisory level control with human intervention

— Both new constructions and retrofits

>

© Copyright 2013 OSlsoft, LLC. (l°4$)
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Conclusion

* Benefit of Pl System:
— Energy savings, carbon footprint reduction
— Improvement in building occupants’ satisfaction
— Gains in productivity
— Increase of the building Market Value

~

© Copyright 2013 OSlsoft, LLC. (i°44
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Bertrand Lasternas

Blastern@andrew.cmu.edu
412 925 0094

Researcher

Carnegie Mellon University

Intelligent Workplace Team:

Volker Hartkopf, Vivian Loftness, Azizan Aziz, Khee Poh Lam
Ray Yun, Sebastian Peters, Yun Gu, Leah Mo,...

Supported by OSlsoft, SEMCO flaktwoods, VERIS Industries, ...

~

© Copyright 2013 OSlsoft, LLC. {i’Xs]

® @OSIsoftUC | #UC2013 y

OSlsoft. USERS CONFERENCE 2013




Brought to you by

&
¢ =9
Bl
mﬂ\/ﬂ DI
1e5 e .alu%
X0 L
m _.Huou_.
g S0 o b g e s —
Yo ooz gz o
RS M @_w_@m B € oo ‘o 300 % B
i &3 “ol il f® © fi
& Yool Wo o 4 '
] fe um@ﬂ w&x ________ (9]
oc_ ama, @ @ &€ gl oor
S MRIE S e DO m_ 52 Al ..m & fi
¥ @WA“‘@.E M@ a _mg -!Iwﬂ Ot
4 Wl . < DI =3 B | E_.l,m Off v WM@%
% nawﬂn_&u D&r.@__m__ SpN -u%é o1 B&umaa\na 5
ag  mm € ok Egas 2R yeiDodingg 58 Bk
s mﬁ.i e - Gy &
BB 5" e _ an@ & LY =G
l,%.. e & w () =8
= 2 2 K So AP
il a0 - -m'_; A& %ﬂ-
€ pinne ¢ & =

© Copyright 2013 OSlsoft, LLC.

® @OSIsoftUC | #UC2013

a0
o
~
m
O
Z
m
o
m
m
Z
@)
O
v
4
m
%
-
5
=
0
o



