Sustainability Research for Cutting Edge Practice
Vivian Loftness FAIA, University Professor and Paul Mellon Chair in Architecture

The Center for Building Performance & Diagnhostics (CBPD)

40 years of B.Arch, MS & PhD graduates
MSSD, MSBPD, PhDBPD, DPP plus UG in classes each year

26 Years of University/ Industry/Government Consortia
ABSIC $300K — $1M of research each year

1999 Business Week Award, 2000 AIA Honor Award,

2013 NSF Alexander Schwarzkopf Prize
“for exemplary research contribution to technology innovation and
its positive impact on industry and the society as a whole”.




Research on Systems Integration for
Building Performance and Environmental Sustainability

The Intelligent Workplace -
a Living Laboratory for
Innovative Enclosures, Heating, Cooling, Lighting,
Networking, Controls, & Interior Systems



48-315 Environmental Systems: Climate, Energy in Buildings (9)
48-723 Performance of Advanced Building Systems (9)

12-748 Mechanical and Electrical System Design for Buildings (6)
48-752 Zero Energy Housing (9)

48-795 LEED, Green Design and Building Rating in Global Context (6)

Average Daily Site Energy Consumption

Whisqft/day Btu/sqft/day

240

Total daily energy consumption in

US office buildings without conservation 2

200
180
160
140

120

Lighting*

Ventilation*

3 /

MAY JUN JuL AUG SEP

JAN FEB MAR APR ocT NOV DEC

* Total annual heating, cooling, ventilation and lighting energy consumption refers to EIA-CBECS 1995 &1999

Whisqft/day Btu/sqft/day

70 240

220

%0 20

180
50

160
40 140

120

Total daily energy consumption 8
in high-performance buildings

with passive strategies 60
“
Lighting 2

— Ventilation 7
JUN JuL AUG SEP NOV

Average Daily Site Energy Consumption

JAN FEB MAR APR MAY ocT DEC JAN

Guidelines for High Performance Low Energy Buildings
Land-use, Site and Water
Enclosure
HVAC
Lighting
Networking
Interiors
Building Delivery Process

Example clients: State Department, Architect of the Capitol, Electricite de France, US Army CERL, BAC Singapore,
Sichuan and Tainjin China, General Services Administration... & of course Educational Curriculum
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ABSIC/CBPD Guidelines for
High Performance Enclosure Systems

Maximize individual access to the natural environment
Maximize daylighting for task and ambient lighting

Maximize natural ventilation with mixed-mode conditioning
Minimize enclosure heat loss/heat gain

Design solar heat and glare control

Engineer load balancing and mean radiant temperature control
Engineer passive and active solar heating, cooling and power
Maximize enclosure integrity and material sustainability



Sustainable Enclosures
ensure:

access to nature
daylighting

natural ventilation

heat loss/ heat gain control
solar heat and glare control
load balancing

heat & power generation
water management
longevity & change
systems integration
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ABSIC/CBPD Guidelines for
High Performance HVAC

| AT SR |

Separate ventilation systems from thermal conditioning

Design for natural ventilation with mixed-mode conditioning

Provide task conditioning and individual control

Design for continuous change with plug and play HVAC & controls
Design architecture ‘unplugged” for maximum efficiency and passive
Engineer load balancing

Engineer ‘energy cascades’ power, cooling, heating with renewables
Create distributed, communicating, modifiable automation systems
Pursue Innovative HVAC system integration with enclosure systems.



POE & the National Environmental Assessment Toolkit (NEAT)

48-721 Building Controls & Diagnostics (12)

Make that POE+M

workstation measurements of:

Air Quality

Carbon Dioxide

Carbon Monoxide

Total Volatile Organic Compounds
Particulates

Ozone

Radon

Acoustic Quality
Background sound levels
Room Criteria

Noise Criteria

Balanced Noise Criteria

+ Personal factors

/)

5

A

Clothing, Gender, Age, Activity/Metabolic Rate
Local signs of stress: heaters, fans, sweaters, blankets, deodorizers, taped over diffusers, blocked windows, computer shrouds, personal tasl2<2Iamps...

Visual Quality
Light level desk
Light level screen
Light level keyboard
Brightness contrast
Uniform Glare Index

Thermal Quality

Air temperatureat 1.1 m
Air temperature at 0.6 m
Air temperature 0.1 m
Relative Humidity

Air velocity

Vertical temp asymmetry
Horizontal temp asymmetry

Clients: GSA all feds, DOE, DOD, Bank of Am,
Lend Lease, EDF, Phipps, Convention Center



records
collection

user satisfaction
guestionnaires
(BOSS and COPE)

Enter control code. Sege Survey
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Air temperature measurements 0.6 m from the floor
CBPD, CMU (n = 1,282 workstations, 64 buildings)

Heating Season Swing Season Cooling Season
84| ASHRAE Comfort Range in Heating Season: 68 - 75 °F, ASHRAE Comfort Range in Cooling Season: 74-78 °F
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Center for Building Performance and Diagnostics, Post Occupancy Evaluation + Measurements, Carnegie Mellon University 24



PhD dissertation Jihyun Park 2015

Cooling season user satisfaction with air temperature at 0.6 m
CBPD, CMU, Cooling Season (n=446)

ﬁ 72.8 - 73.5°F

qooling Season Comfort: Occupant satisfaction Average Air
30% I Range:74-82 F 1 \i— Survey Temperature (F)
1 | .
| (ASHRAE 55, 2010) I | y
1 1 ] -— .ery 72.9
250 : : Unsatisfactory
1 1
7315 F 1 e Unsatisfactory 72.8
20% H
1 Somewhat
: ‘\ Unsatisfactory 73:5 7
15% :
1 Neutral 74.2
1
1
10% , 1 ¢ Somewhat 74.6 \;
1 : Satisfactory ’ i
1 1
]
5% i i - Satisfactory 76.1 ]
: 1 1l
1
1 | Very U
o . . . . . . . . . . T . . . . — . 76.7 i
0% 60 alz 6|4 als s'a ?In ?Iz ?I4 ?Ia ?IB alo alz al4 als ala glu N Satisfactory y.
Measured Air temperature (°F) at 0.6 m ; o A 2.6
verall Average .
P <0.05

Mean of Response 74.58 F

74.6 - 76.7 °F
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Radiant temperature asymmetry & user satisfaction level
Perimeter Workstations (n=391)

%\> 3.5-4.0°F

Occupant satisfaction

Average

30% \‘_ Survey Temp. A [Ex-In] (°F)
?\J Very
25% - Unsatisfactory 3.47
e Unsatisfactory 4.02
20%)
18°F allowed p——
l\ Unsatisfactory S
15% \
Neutral 3.35
10% £ Somewhat 295
Satisfactory '
5% T Satisfactory 2.13
0% ~ —— | - Very 1.58
0 2 4 6 8 10 12 14 16 18 T S Satisfactory |
Radiant temperature asymmetry P -
between exterior and interior walls (°F) Overall Average 2.97
P <0.001

Mean of Response 2.97 °F

1.6-23°F
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Distribution in Size of Zone (TABS)
64 buildings, combination of Perimeter and Core workstations

@ Perimeter Office 0 Core Office

Individual
2~5
5~10 209 419
10~15 246 373
15~25
0 50 100 150 200 250 300 350 460 450

Center for Building Performance and Diagnostics, Post Occupancy Evaluation + Measurements, Carnegie Mellon University 27



Temperature Satisfaction by "Size of Zone“

Heating Season (n=420) Cooling Season (n=317)

100%
90%
80%
70%
60%
50%
40%
30% P 17.7% 23.1%
P 4 27.8%
| * 13.3% | | | | | ‘ _ [r—— | a |
20% 1M11% . Very Satisfied
8.8% 25.7% : 8.9% 12.2%
10% 1 1a7% |1 21.7% . | | {JTSTTen| [ p— [[] satisfiea
8.8% B 11.1% 1.1% 9.5% M.1% D Somewhat Satisfied
0%
: 15~25 10~15 5~10 2~5 Individual 15~25 10~15 5~10 2~5 Individual
(n=68) (n=75) (n=198) (n=70) (n=9) (n=45) (n=147) (n=68) (n=39) (n=18) Neutral
0%
25 [[15([10 ][ 5 |[ 1 25 [ 15| 10 [ .5 |
1T1% 11.1% D Somewhat Dissatisfied
10% | 15.9% 17.0% 20.6%
26.0% ] . T Son [] Dpissatisied
11.1% . Very Dissatisfied
20% | 99% |/
48.5% /,
30% | 10.6% r
13.3% ,
] s | -
' 4
50% | £
10.3% ,/
70% |

**The smaller the thermal zone (fewer people sharing a thermostat),
“the greater the satisfaction with air temperature in the workstation.

100%




The Intelligent Workplace

Networked Intelligence Integrating all systems

Heating
Cooling
Ventilation (mechanical and natural)
Lighting, and day-lighting

Electrical
Plug load

+ Energy storage | .

* Moisture management

Mechanical

g N | ilati
Ventilation Loads atural Ventilation

sensors, actuators, user interfaces,

central intelligence & information feedback,
integrated system and control innovations
for IEQ and energy effectiveness.

CMU/Siemens Innovative Controls of Integratad Systems
Passively driven, Occupancy driven, Predictive load driven - May 2011

29



PhD dissertation Joonho Choi 2010

Potential of using Bio-signals for Adaptive Individualized Controls

Factors Affecting Comfort

'
4{ Temperature regulation center }7
T . *:53:\\ Cold  }aT:65% or lower) { (AT:8eForlower) | Warm
Humid |ty f ,\_39 vaering T — Sweating
uscle Skin surface
Alr temp. Generate internal heat Vasodilatation Surface evaporation
Vasoconstriction
MRT
Alr VeIOCIty Body temperature «——  Thermal environment
Clo
MET
BMI . .
— CoBi Bio-signals for thermal
Gender sensation prediction !!
Age
S Applicable to ---
Ethnic origin 1. Individual control
Other environmental factors 2. Dynamic conditions

3. Real time control with non-

30



Wrist temperature driven air temperature settings
result in outstanding satisfaction across different clo-values

"Very satisfied /

Standby Clof1.1) | Clo[o.8)

35 —

33

i
I
I
1
I
I
I
|
31 :
I
I

29

Airtemperature

Temperature ('C)

27 |

25

23

0:15 1:00 2:00 3:00
Time (hour)

CobBisetpoint s Skintemp. at wrist

Air temperature

Cla. Insulation s (0y2r || sEMstIONY = === Overall comforts*

Center for Building Performance and Diagnostics, Post Occupancy Evaluation + Measurements, Carnegie Mellon University 31



With the CoBi controller, 93% reported thermally neutral sensations
while 7% reported slightly warm sensation,
as compared to an average US satisfaction of <60%.

Surveyed Overall Thermal Sensation

0.5

Clo

0.8

[ )

1.1 T T I I
-3 -2 -1 1 2 (n=112) 3
Overall thermal sensation

O 0000000000 (000000000000 (000000000000

Each symbol represents up to 3 observations.

32
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ABSIC/CBPD Guidelines for
High Performance Lighting

Dimmable Balast Fixture Reflector
0 - 100 % Energy

Powerin Iy Lamp
R R Ea e o WoTeTY

Daylight Sensor Occupant Sensor

@ Occupant Control

7 (Wireless)

@ FM Control
(Wireless)

Provide Daylight as the dominant light source without glare or overheating
Separate task lighting from ambient lighting

(or design relocatable task-ambient systems)

Introduce indirect-direct lighting for spatial dynamics without shadowing.
Maximize lighting quality with high performance luminaires.

Provide for reconfigurability with plug-and-play fixtures.

Design for continuous change in lighting zone size and advanced controls
Pursue innovative lighting systems integration
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Building Controls Research: Intelligent Workplace & Field Testbeds
Lighting/ Daylighting/Shading Systems

100 Zumtote! LaTrave Fixtures
36 Pico Fixtures
12 Zumtobel Dancer Fixtures
23 Floor Light Fixtures

8 Fire Alarm Light Fixtures

5 Fire Exit signs

10 motorized blinds
10 24VDC switches

65 molorized blinds
130 110 VAC relays

17.5m

|

M: manual controlled interior blind
17.2m

7 Daylight Redirection Louver sets
3 tiers
0° (closed) - 105° (fully open)
208V, single phase

[« >l 24.0m >
Group 4 Group 5 2
F|l F F |[FlF F FIFl F I F |l FF g
H ey ® ®
4 EEB Dgg an Group 6 Group 7
Office 1 gy Office2 i, Office3 pi 5 -
P & B;E g
q Be Be 1% -
y : ° ° o : : : =
v ge Bl L B Bl Bl Bl Bl B
4 B B Kitchen [ 5 E E E E
Conference Space ;e e DEB _H:LD @E,B_ D:LB ELH ...... B. =
f e 4] e ne ° ) N ° n
. .- R=-e 2 Y --c?
7 e 4 DEH i 0 g ] Bl B T
! Office4 ! Offices | : :
2 ge A 4] B g 0l o i B —
o oo <o C e Jos =) @cbe ® oS
Group 1 Group 2 Group 3
9l ~— v 74 RetroSolar motorized blinds
b | o o 0 -100% up and down
;:'i-_w ‘ VCU/:aI/transmlsswn 68 % Oo _ 900 tllt
e & Y| 65 110VAC
T - el 10 24vDC
— N e
& T — . \ %“sm\ss‘

. S . -
Interior ™~ ™. Exterior |/
—

¢

f«———10.2m———»|

N X

100 Zumtobel LaTrave
relocatable luminaires
20% up, 80% down light
1-100% dimming ballast
2 x 55W U-shape lamps
LPD 1.63w/sf.

~

1 WaldmannTycoon
direct / indirect
luminaires
Occupancy sensor
Daylight sensor

12 track light :
15W LED
3000 K

| 770 Lumen



Recommendations

Select you are working on PN | it Liser side binds
{(background shows current light condition) User-side Blinds

Right Amount 3 e il o drect sun. Lift left binds
1 —— _ i Ceiling Light Turn ceiing light to 30%

Desk Light eaRaseiel

Daily lighting energy consumption (kwh)
o ; . and saved CO2 emissions
Ceiling Light (max 440 w)

L n______ 1 ‘ Equals o 10 Trees'
0 20 40 60 80 100

Carban Dioxide
Absorption per Day

A

T o I 2.5+ 8 ﬂ =
5 0- ; Z

Desk Light 7 - A
(13 W) C : v “?

4

-

Direct Sun Light Control | , | ift | 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, 2011 PhD dissertation



lighting power demand drops with user controls

Lighting Power Density (w/sf) and Desk llluminance (Ix)

E [ LPD (2/3C+1/3P) e=ge== || [uminance for computer-based

(]

+ e=g==|||uminance for paper-based

o %
Q =)
) 2.0 700 @
z 600
€ 15 | £
g 500 £
a o - 400 2
: - 300
<]

a - 200 O
ED 0.5

= - 100

L

8 0.0 -0

-

Fixed Manual control Knowledge based MC

Lighting power demand was reduced 43% with manual settings (MC) compared
to fixed (F) and was reduced 64% with KBMC regardless of task type.

Desk top light levels for paper-based tasks was increased to over 620 lux with
MC and KBMC compared to the 500 lux standard - at measurably lower energy.



LPD and user satisfaction with light level

5
M LPDin Fixed(w/sf) m LPD in Manual Control (w/sf) m LPD in KBMC (w/sf) ;,g
2.0 20 K
< © o &
2 1.5 - 9
F Z
o 1.0 - =
[ 1}
s e
o c
a 05 2
£ 2
0.0 - ':.;g

Computer-based task Paper-based task

v" Manual controls of blinds and task lightsand v~ Knowledge-based manual control of

online control of overhead lights offer 43% blinds, task lights and online control of

energy saving + higher user satisfaction + overhead lights offer 64% energy saving +

no decrement in task performance. no decrement in user satisfaction and task
performance.

The Impacts of Real-time Knowledge Based Personal Lighting Control on Energy, Dr. Yun Gu 2011



Innovative User integrated Control Solutions

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

Lights

CMU CBPD & Technical University of Munich Master and PhD Thesis Projects
2




I-Phone User Interface — Sensors, Controllers, Energy

Lights, Blinds, Task Lights, External Louvers & more

L~

aill Verizon %

Intelligent Workplace, CMU
» Bertrand & Yuebin

4:43 PM

© 44%

Living Products UnExpo

Loftnes/Aziz CMU Center for Building Performance & Diagnostics

®00e0 AT&T =

<

T
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W0,
N

OBPBRBRBB

Arnnn A
@ leCl i
mniempowering the smart home

11:06 AM

Temperature
Humidity

cOo2

Particles
Brightness Center
Brightness West
Window South To...

Window South To...

Window South Botto...

Window South Bo...

Window North

Nrriinanmy

=

R4

Large Conference Room Settings

Sept 18, 2015



9:26 PM *8000 ATET 7

Vivian £ Electricity

Living Products UnExpo Loftnes/Aziz CMU Center for Building Performance & Diagnostics Sept 18, 2015
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ABSIC/CBPD Guidelines for
High Performance Connectivity

Design for the Internet of Things with distributed sensors and controls

Engineer independent plug-and-play networks — data/voice, power,
security, and environmental services — with central communication

Design distributed cores for accessible, modifiable vertical distribution
Resolve integrated, reconfigurable plenum systems — ceiling or floor
Ensure user accessible, modifiable grid and nodes for connectivity
Create wiring harnesses for data/voice, power, security, environment
Select terminal units that provide all services in reconfigurable boxes
Create robust monitoring and individualized controls



Building Data Analytics
Intelligent Dashboards for Corporate and Campus Leaders [ID-C]

NAVY YARD BUILDING 101 e |
ELECTRICITY CONSUMPTION gﬁ:ﬂuﬂ!!m:}.
THIS WEEK s ‘ e T
13,856 KWh 0000
§ 100
27,711 Ibs CO, g
$ 1 ,1 78 o Sunday Monday Tuesday Wednesday Thursday Friday Saturday
[. HvAC B Plugs nghts]

& BE»

Center for Building Performance and Diagnostics and ABSIC at Carnegie Mellon




Building Data Analytics
Intelligent Dashboards for Facility Executives [ID-F]

In alliance with OSlsoft, the CBPD has developed rapid, broadly
applicable building analytics and communication output from multiple
sources of real-time data to support energy efficiency
recommendations, actions and verification.

NAVY YARD BUILDING 101
ENERGY CONSUMPTION

e — Heating

Null 0 3 6 9 12 CCF

12am  2am 4am GBam 8am 10am  Moon 2pm 4pm 6pm 8pm  10pm  12pm  Degree Days  Daily Total

DOE CBEIl and
DOD ESTCP




PhD dissertation Ray Yun 2016

Building Data Analytics
Intelligent Dashboard for Occupants (ID-O)

< Sep 01 - Sep 07, 2013 > Day Week Month M ®W >xCompare Widget #*

z
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
@8 Laptop I Left Monitor (Main) @ Right Monitor [l Phone
Your Appliances Plug Control @ LI - Recommendation © => 9
PP 9 (Last week) © =7
~ o * Tum it off when not in use
. ’ ey ' E « Set up the Power Management Setting. See how to
. - Left Monitor (Main) = (0.57 » Set up the Power Management Setting. See how to
. - Right Monitor g 353% » Set up the Power Management Setting. See how to
. & Phone o {3.96% « Tum it off when not in use
Total o (9.35% * Not Bad ! But last week you used 9.35% more than previously

© Intelligent Workplace Dashboard 2013




600 /[ Dash Board | Plugloads Prof * \\ |

€ C | [ rayyun.net/test02/upload05/workloads/profile.php wiN

Overall  Temperatuwe  Ventilation  Lighting  Plugloads

Plugloads Profile View Plugloads Moritor &

= 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
A '
‘\, \ 7 (  Scanner i
.,.,' / e
- t m ‘ Toaster i
l
Desktop Laptop Printer Scanner o .' Desktop i
Typical wattage: 30W Typical wattage: 30W Typical wattage: 30W Typical wattage: 30W
=3 3 [ nad | [ aa | Jr 1

Save and Go to Step2 »
Cooking
I
I
‘I
..... -IL
H
Coffee Maker Microwave Toaster Water Boiler -
Typical wattage: 30W Typical wattage: 30W Typical wattage: 30W Typical wattage: 30W

o O O

-y

setting up
workstation
energy detection

(wow, abandoned technology
is still drawing power)



Plugloads

¢ Oct20-0ct26,2013 > Day Week Month M W > Compare Widget
100

- communication

wWh
b

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

B Laptop [ Left Monitor (Main) [ Right Monitor [l Phone

advancing
C3 qualities

YourUsage  Your Savings
(Lastweek) @  (Lastweek) @

* Set up your computer Power Management Settings to
. ' hagp. m 1516 12%% save up to 57%. See how to.

Your Appliances Plug Control © Recommendation © (IR

) ) * Adjust your screen brightness to save up to 12%. See
. - Left Monitor (Main) m 548.62Wh 12.30% iy
. - Right Monitor m @ 891.72Wh (14.03%) * Adjust your screen brightness to save up to 12%. See
: ; how to.
B @ rhone m 386.3Wh 125% * Tum it off when not in use.
Total m Py 2881.78Wh 187% * Not Bad! Last week you saved an overall 1.87%
© Intelligent Workplace Dashboard 2013 T T
| | "

control expert consulting



selecting the
format that
communicates to you:

Bar chart or linear graph
day, week, month, year

Overall Temperature Ventilation Lighting Plugloads

Plugloads Monitor

Etsy mixtape wayfarers, ethical weas anderson tofu before they scld cut mesweeney's erganic lomo retro fanny pack lo-fi farm-to-table readymade. Messenger
bag gentrify pitchfork tatiooed craft beer, iphone skateboard locavore carles etsy salvia banksy hoodie helvetica. DIY synth PBR banksy irony.

¢ Sep09-Sep152012 2 Day  Week Month Year Bl By ¢ Compare

my desktop!
2,000
1,500
£ 1000 .
= .- B =
[ | [ [ | [ —
Sunday Monday Tuesday Wednesday Thursday Friday Saturday

8 Desktop [ Monitor L [ Monitor 2 [l PEM [ Task light

¢ Sep09-Sep15 2012 » Day Week Month VYear Wl B Compare

200 whoops, on overnight

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

| @ Desktop @ Monitor 1 [ Monitor 2 [ Pem @ Task light |




and if I unclick
the big energy
users...

< FiSep07,2012 > [ 0w wex Mo vew W B tcompae

100

_ did I need my
is my desktop back up to run
: Energy Star? 24 hours?

Oam 2am 4am 6am Bam 10am 12pm 2pm 4pm 6pm 8pm 10pm

| 8 Desktop M Hard drive M Hard drive2 8 Phone M Task light |

¢ FiSep0r,2012 > [ 0w e W vew W B compae

what is the second hard drive doing?

Wh
—

05 phone

0
Oam 2am 4am 6am Bam 10am 12pm 2pm 4pm 6pm Bpm 10pm

—_— | 8 Hard drive2 8 Phone [ Task light |

have this parasitic load?



Plugloads

¢ Oct20-0ct26,2013 > Day Week Month A > Compare Widget ¢

100
75

50

Wh

25

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

8 Laptop @ Left Monitor (Main) [ Right Monitor [l Phone

Your Usage  Your Savings

N
(Lastweek) @  (Last week) @ Recommendation © e 0

Your Appliances Plug Control @
following the

. ' Lapion m 1055.14Wh 708% * Set up your computer Power Management Settings to _
e - recommendations
. - Left Monitor (Main) m 548.62Wh 1230% ;:;J;st your screen brightness to save up to 12%. See
' : enerated by expert
. - Right Monitor m @ 891.72Wh (14.03%) * Adjust your screen brightness to save up to 12%. See (g - y p
dccokoos analysis of use)
B @ rhone m 386.3Wh 1.25% * Tum it off when not in use.
Total m o 2881.78Wh 1.87% * Not Bad! Last week you saved an overall 1.87%

© Intelligent Workplace Dashboard 2013




M Dashboard  Temperature  Ventilaion  Lighting  Plugloads

Sun Mon Tue Wed Thu Fri Sat
Control Scheduler 12am

AR eC- 2a enable plug (but don’t turn on)

{Drag it when it is ready) J £
4am ‘. -

1. Select control type
(@ oif

() On (Nt recommended)

-JHow--IN

Bam

Bam

2. Select the devices you want to

control. --e!-i-'a.- ﬁ@"g-ﬁ@'

10am
of ] ‘. Laptop
v [ | - Monitor 12om
Y@ & AamClock ‘.-h@-
Y@ & Phone 2pm

3. Drag the controller to the time

4pm
table .

10pm



Energy Savings Per Group (Pre — During — Post)

7% 6% 13% 9%
24% 20% - 39% 34% |
11%
13% 10% 14% ’ I _
39 B5% .
10% 9% 57%
2% 1% ° s 9%
& 24% 27%
Pre During Post Pre During Post Pre During Post During Post
e @ | @e- one-

[

Day M Night ™ Weekend J




Good
(50 W)
plug load
100 Wh/hoccc 50 Wh/hocc sustainability matrix
c
=
8 Selection driven by policy,
O office protocol, feedback
N +
Behavior driven by feedback,
200 Wh/h,.. | 100 Wh/h_ . | incentives, competition, ease of
control
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ABSIC/CBPD Guidelines for
High Performance Interior Systems

Design neighborhood clarity & shared spaces with flexibility

Design layers of ownership, multiple work environments

Ensure ergonomics/ functional support for shared work processes
Ensure ergonomics/functional support for individual work processes
Design “layers of closure”, privacy and acoustic control

Design “layers of mobility” for workstations and workgroups

Provide levels of personalization

Ensure environmental infrastructure for changing densities/ closure
Ensure technical infrastructure to support changing densities/ closure
10. Select interior system/components for material & energy conservation
11. Select healthy, maintainable interior components

12. Design for access to the natural environment

1.
2.
3.
4.
5.
6.
7.
8.
9.



Triple Bottom Line

Profit

Economy
Financial Capital

Planet

Environment
Natural Capital

People
Equity
Human Capital




48-729 Health, Productivity & the Quality of the Built Environment (9)

1stBLEnergy$Bavings

3BLAsthma®$Allergies

3rdBLBkin&Eyedrritations

3rdBLHeadaches

3rdBLLoldsBFlus

3rdBL$TaskPerformance

Ensure Windows are Operable for Natural Ventilation

[
15% . i
a— 48%
50%
Average’HVAC'energy‘40%,
|
Average'36%

Average'30%

8% ;
0%

43%
3y

Energy$avings$
15 and85%limate Sustainability Tool (2007)
25%$Guzowski (2002)
17@8%%Nang et al(2015)
50%%Bteemer & Manchanda (2009)

Asthma®&$Allergies
20%% weers et al. (1989)

Skin®.Eyedrritations
9%$Toftum (2010)
30%$Teeuw et al (1994)
36%®Burge et al. (1987)
39%¥ weers et al. (1989)
45%0lli & Fisk (2002)
55%%hounghua et al (2012)

Headaches

9%®Burge et al. (1987)
12%$Harrison et al. (1992)
16.3%%hounghua et al (2012)
30%$Teeuw et al (1994)
33%%<roeling (1998)
40%$Gao et al (2003)
45%%lli & Fisk (2002)

Colds®Flus$
10%Burge et al. (1987
15%$Harrison et al. (1992)
28%%Kroeling (1998)
30%$Teeuw et al (1994)
40%%Burge et al. (1987)
43%%hounghua et al. (2012)
45%%Olli & Fisk (2002)

Task$Performance
3%$Nargocki et al. (2000)

0% 20% 40% 60%

5%$Beppanen (2003)

80% 100%




Werry Thomas Offices, Wash:ngro(

PhD dissertation Rohini Srivastava 2018

Table 19: Triple bottom line calculations for introducing operable windows for natural ventilation
and night cooling

4@ el
Costs of buying operab inds for | ventilation and night cooling
Persq.ft.  Per employee
First cost for the investment $15 $360
Initial Investment costs for a 100,000 sq. ft. building $120,000
(for 1/3 baseline building perimeter area) &
1*t Financial Capital savings
Persq.ft.  Per employee
HVAC Energy Savings (40%) $0.09 $19
Annual 1* bottom line savings +$0.09 +$19
ROI (Financial) 5%
Payback Period 19 years
Cumulative 15-year Net Present Value $ 73,000
2.F + Capital ing:
Per sq. ft. Per employee
Environmental benefits from energy savings of: 0.96 kWh 192 kWh
Im ll' I l . “ [' ll Air pollution emissions (SO, NO , PM, CH4) $0.02 $3
CO, reductions $0.01 $2
" Water savings $0.004 $0.8
‘ Annual 2" bottom line savings +$0.03 +$5.8
Cumulative ROI (Fi ial + Envil 1) 7%
Payback Period 14 years
Cumulative 15-year Net Present Value $94,950
3. Financial + Environmental + Human Capital savings
Persq.ft.  Per employee
Headache reduction (26% * $73) $0.10 $19
Cold & flu reduction (30% * $68) $0.10 $20
Skin & eye irritation reduction (41% * $86) $0.15 $31
Asthma & gies reduction (20% * $105) $0.10 $20
Productivity increase (3%) $5.62 $1,125
Annual 3% bottom line savings +$6.21 +$1241
ROI (Fi ial + Envi H ) 345%
\ | Payback Period 2 months
mtroduce operable windows for natural ventilation and night cooling to: generate up ! Cumulative 15-year Net Present Value $ 805,700

t0.40% HVAC energy savings, with'a' ROl of 5%; additional CO2 + benefits to increase |

\ 83
\

the ROI to 7%; as well as lab and field identified 3% increase in productivity, 26%
reduction in headache, 30% lower colds and flus and 36% reduction in skin and eye
irritation to increase the ROl to 345%)!
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ABSIC/CBPD Guidelines for
High Performance Urban Systems

A New Urban Waste Strategy

Design for mixed use live-work-learn-play

Design for mobility with a transportation portfolio

Design the ‘watershed’ with highest and best use for fresh water
Design the ‘air shed’ for outdoor air quality

Design the ‘waste shed’ including waste to energy

Design local food infrastructures

Merge data, power, voice with smart infrastructures

Design the energy shed with highest and best use for electric and
thermal energies and buildings as power plants



GIS & Portfolio Data Analytics
Benchmarking Laws and 2030 Urgency

ID-C Challenge PNC:
To monitor and
analyze a portfolio of
4000 Assets
(Headquarter,
datacenters,
branches, ATMs) for
strategic
improvements

City of DC 300
City of Pittsburgh 140
CMU 85
GSA 1500

http://www.cmu.edu/cbpdanalytics



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

67-353 IT & Environmental Sustainability:
CBPD building a CMU Campus Wide database Concepts of Information Systems
Electric Meters 30+ buildings (queried each second) 12-745 AIS Systems Project Course
Building Automation Systems for 15+ buildings
Environment & Weather Data

CMU Access: Manual from web-site, Data Dump, Pi Restful WebAPI
Email/Mobile Motifications

_-.-‘.\\ -/’.-- -l
v Facility X End Usar
anagemen {Office Occupants)
HOBO Asset _
[“E'}‘Z:;” ML / BACnet —{ Framework Frogrietory ProcessBook —7
Server /
e . A :
)
. " Proprietary QQ% P N PC
| 0o i f !
APOGEE pACnet g < S :
BAS Dat ~ ) 2
i =tal ‘g Proprictqry A PI Coresight
I= 7 Webpage
VERIS o .
(Electrical v b p iPad
Data) Proprietary (Coresight Apps)
Plug Loads Pl Coresight Iy MySQL RO
Devices Web Server 77 Database R a
-
— ! H Maohile
;‘E:;ng WiFi Zighe&™| K ‘. Individual
LabVIEW Plugwise / ; \'_?. S —
Source '
Web Server E um[nl_fl_!l'_”!allum
[Touch Screen) | M= .
e — r E O Em N
i csv ! Dashboard

Control

Integrated Intelligent Data Platform
CMU PiSystem (open data) & DOE SEED (non-proprietary)



2013 Utility Consumption Executive Summary

0 In 2013, spent a total of: 9 In2013, .consumed: 9 By building type,
: .spent:
59 II I ' ll l l I l ..which is enough to provide €3
clean drinking water for the entire &
miiion $5 million g 8
on utilities P I population ofnignmt?‘lsia for almost 3 ‘é’ "ﬁn million
S at: $239/sf $1.22/sf $3-33/sf
0 e Retail Office Other
an: et > < e e ..which is enough to heat .
ﬁ $5 mllhon %mw over 5,000 average households for 815
on gas TRk P ayear 5 10 I I
s
85
I ...which is enough to power
$49 million almost 54,000 average homes in the 3 &
total utility spendi ici United States for a year 5
yesanss commtos 0N electricity : ‘ma
: =
@ 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: $287 thousand
fromtop 25 energy expenditure buildings from top 25 water expenditure buildings

@ Retail Energy (Electricity + Gas) I @ Retail Water

I I potential savings of: $452 thousand potential savings of: 5250 thousand
from top 25 energy expenditure buildings from top 25 water expenditure buildings



C2

201 3 PNC RETA"_ 1 .Retail Energy Profile: 2 Among all . Retail building;z

Energy (Electricity + Gas) bmldmgszdaii‘i mio-m e B

Skl

m"lmn " T B BT 295

out of 14 mnlllon square fagt total 87 0 36 shingi btwees

$31 million kBTU/sfv | e

total energy cost .

25 Highest Expenditures

3 Top 25 Energy Expenditures 4 Top Opportunities for Savings in Energy

total cost comments
| 0 = SoTEEE—
).apemlb‘ outh Of"w L 589 752 — g‘? aoe—

3. Fall Kl - Fredenicksburg, VA 85,671 = 5 s ] 449 10
4. Decatur Johnston St, AL §81,559 - 2 ¥| 4 Hapermille South e, cmm 042,308
P— 5 8| 5 ManassasCrossroads \'.'\ =t £42,565
&. Dover, O sBa7 e £ 8| 5 Planfieid - Park Avenue, N) -— $34,478
7. Tuscker, GA $64,921 S F| 7 Somerser, ) = 825,372
& Glenview Pomte, kY $61.120 - SE| & hathamRoad 0ffce, 1 = $3,642
e B $60.658 P g 9. Giznview Pointe, KY - $18,797
10. '*alnnm:i Park &-enu: N 80,592 — 5 a 10. Decatur Johnston St AL = $13.014
11, Somerset, NJ 480,586 i e 11. Momow, GA . £9,056
12. Mrade Méz - Monroenille, PA $58,628 i = 12 Farmers & Mechanics, MD 1 $4,038
13. Yinelzand - Landis fwenue, K 457,986 e 13 Pell ity - North Martm Street, AL } $3,346
14. 5t Charles-Fox Fazld Commans Office, IL 551 - 14 Tucker GA 1 $2.205

15. Chatham Rozd Office, IL 52217 ol

16. Manassas Crosseaads, VA §51.791  w— 2 15. Mobile - Crichtom, AL 4 50,885
17. Opelika - 2nd Avenue, AL $50,354 oI e 16 Op2lika - 2nd Avenue, AL © 410,012
18. Telegraph Office, MO 48750 =5 17. Dover, DE = 411,317
19 Pell City - North Martin Street, AL “s392 ¢ 0 v § 18 Ashebora - 115 S Fayettewilie, NC = $13.074
20. Farmers & Mechanics, M 46,081 ’ S 2| 19 New Cumberland, PA = 513,306
11 Maokde - (nichton, AL 44,645 g = é 0. Telegraph Office, M0 = 516,093
22 Morrow, GA H3,694 i ; % 11_Fali Hil - Fredericksburg, YA o= -318,763
23, Hew Cumberlznd, PA 41328 el U - 22 Miracke Mile - Mearoeville, PA w 418,899
24, Ashland Building, KY $39,696 R § 23. Ashland Bufding, KY ] 425.29)
15, Asheboeo - 1355 Fayettewile, NC $39,404 8\{ ) 24 Vieeland - Landss Avenue, NJ = 426,54
R 25 St (harfes-Fox Field Commons Office, IL - - -520 833



Energy Use Intensity per Month (kBTU/sf/mo.)

2011-2013 Monthly Gas and Electricity|Source

‘e & v el

by Degree Days for Bank Branch Kalamazoo Main, Ml

— total consumption
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2011-13 OFFICE HEATING

of PNC’s 25 Highest Energy Use Intensities
Bank Branches Source Electricity & Gas

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

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

Py s
m@: >

Poor Heating System Poor Seasonal
Envelope Inefficiency Operation

20 35 50 65 80 temp equivalent WORST 5 . .
15001000 500 0_500 degree day 3 A CLOSER LOOK: Highest heating loads of the 5 worst
60
50 heating buildings determined by the slope of the curve
N | 30
" 15,600kBTU h L Clarendon Hills N T
10 Degree Day/sf — e Warren-201 Liberty$t. |\ | |
| ofHeating | 300"~ 1,30 10000 || 9300 | \ e
- 2 Naperville South Office, IL 14 Warren-201 Liberty St,PA- 11 Clarendon Hills Office, L 5 Greenshurg South Main St, PA 6 Towne Centre - Saginaw, MI Napevile South — e ‘ — +20 _'% '%:-
TSN\ . T2
50 GreensburgSMainSt.—%\\\ ] 3 %
40 \ o ©
IHEL"NEER L. N | O 0
SO e ||| | —-— | ) 410 3@
L . — Towne Centre-Saglnaw—ﬁ \ s
=, Tt | e —— | | TS T NN NN I
2 10 8,850 8,800 I 8350 | | 7400
T 10 Crawfordsville Road, IN T East Brunswick - 710 Tumpike, N) 24 Bay City MI- Trader Court, MI 12 Westminster-Admin, MD I I S
_860 at baseload .. L pE I LTS
@ 50 I
S 40 | temp equivalent (*F) 20 35 50 I e | J 80
o degree day 1500 1000 500 0 500
G - .
;../ L
20 | N S h=¥
ol ]| — =t R e ] B —reeesiees Warren-201 LibertySt.,PA  Napenille South Office, IL
5,700 5,500 57100 5,000 4,700 B85 ) . ] T P . o
15 Hanover Admin Center, PA 35 Traverse Gty Main Office, Ml & Northeast Main-Libertyville, IL 9 Champaign Main Office, IL 3 Dupont-DC Worst Seasonal Operation heating until ~72°F heating until ~79°F
60
0 1‘1{: £ } 3 l
40 N TTTrg w i 5 i
—~ IIII a Clarendon Hills, I~ Warren- 201 Liberty St.
W 30 h—_:—— i _—— . :
L k:“ — || 1] Worst buildings in terms of using ~7 kBTU/sf for using ~3 kBTU/sf for
Bl o A Envelope, or Heating 15 °F temperature 15°F temperature
= 4,500 | 3400 | 3,100 3,000 2700 | Inefficiency change change
o w 13 Westchester Office, IL 20 Liberty Commons -CLC,PA 4 Cincinnati-925 Annex, 0H b Midway Operations Center, L 7 Nfamishurg Bldg 1, OH
i)
Y 50 approx. per 15°F Energy Signature
5w heating until: tempchange:  all electric buildings ~ buildings with gas consumption
% _ Napenille South, IL 79°F  ~2 BTU/sf oling
— ™ Warren-201 Liberty St PA 72°F  ~3 kBTU/sf — )
| [ L_— o e m— 1 7
| — | —] Carendon il 1L 68°F  ~7iTujst 2 cecrereatns A
25w 1500 C100 [ 900 40 GrenhugSManStPA 63°F  3wTUSE o o UEE
2 Miamisburg Bldg 5, OH 17 Valley Plaza - Indiana, I 19 Aerospace-2000, O 22 Highland Hils, O 11 205 Datura-W, Palm Beach, FL* ~ Towne Center Saginaw, Ml 60°F  ~3 kBTU/sf -

— total consumption



source load (kBTU/sf )

source load (kBTU/sf )

2011-13 OFFICE BASE LOADS

of PNC’s 25 Highest Energy Use Intensities
Office Source Gas & Electric

1 Base loads MAY entail loads from:

c2
2 Out of the top 25 energy intense office buildings, 2 do not use gas.

Iqlﬁ'lﬁﬁn !;afeload_sin @ @
Annna w— & O
(alulelals! S J

3 Electricbase loads dominate PNC (top 25 energy intense)office

plug

s &

o & @

ventilation hot

hase loads-- in both site and source energy.

G gas
terminal 4 . electriity /a

servers lighting fans water cooking reheat {from buildings with NO gas) / v )
_ lecticty . _J
ELECTRICITY assumed energy source GAS SOURCE (from buildings with gas) SITE

4 The source base loads for these office buildings need to be addressed: e o el
. heating cooling
WORST 5 deg day deg day

I | N | l | |

base gas: 0.13 ] base gas: 0.18 \ base gas: 246 \ base gas: 0.16—| base gas: 4.75 base gas: 0.06— base gas: 0.04 \

[ T | | | | NN
-l - 7 CY e ———— > L= |~
29— 26 2% 26 25 I 25 B T B
% Miamisburg Bldg 1,00 | 2 Naperville South Office, )L~ 21 205 Datura-W. Palm Beach, FL* 1 East Brunswick- 710 Turnpike, N) 3 Dupont-0C 4 (indinnati-925 Annex, OH 22 Highland Hills, 0 16 Midway Operations Center, Il 11 Clarendon Hills Offce, IL
| total baseload -

‘- energy intensity raj

21

13 Westchester Office, IL 15 Hanover Admin Center, PA B Miamisburg Bldg 5, OH ] Rerospace-2000, 0H

nk

19

base gas: 0.01—,

|

18

base gas: 0.01:| base gas:O.?’S] basegas:0‘60;| base gas: 1.51 base gas: 1.14] base gas: 3.88 base gas: 3.26
_________________________________ \—JJ/ \l/ — \—-J/ --.;;-u-f t
16 15

18

l | | l

15 15 14

20 Liberty Commons- (L, PA 5 Greenshurg South ain St A 6 Towne Centre - Saginaw,MI 8 Northeast Min-Libertyvile,IL 17 Valley Plaza - Indians, IN

Energy Signature
all electricbuildings ~ buildings with gas consumption
base gas: 0.12 base gas: 3.26. base gas: 1.67 base gas: 0.25 base gas: 0.79. base gas: 0.05 — base gas: 0.17
—‘ | 1 W | woling
] — |~ L-!j__ | 7 electricheating [ heating
------------- Tl ., TTmmmmmomTEIIes base gas load
15 12 11 n 11 10 e . base load baseglaeclricload
10 Crawfordsville Road, IN 9 (hampaign Main Offce, IL 25 Traverse Gty Main Office, MI 12 Westminster-Admin, MD 18 Plymouth MIMain Office, MI 24 Bay City MI- Traxler Court, Ml 14 Warren -201 Liberty St, PA -

— total consumption



Office Source

Electricity

2011-13 OFFICE COOLING

of PNC’s 25 Highest Energy Use Intensities

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

20 35 50 65

80 temp equivalent

1 East Brunswick - 710 Turnpike, NJ

17 Valley Paza - Indiana, IN

20 Liberty Commons - CLC, PA

15001000 500 0 500 degree day WORST 5
gl desgly
5,600 keTU = —_—
Degree Day/sf | -——----—-----——— | |
of Cooling 5,000 3,940 3,860 3,200

2 Bay Gty MI-Tranlr Gourt, I 21 205 DatureW.Pam Beach,FL* 4 Gincimnati-925 Anne, O

60
50
40
:m 0 S~
200 3100 j 2,300 | 2,200 i 2,200
'g o 12 Westminster-Admin, MD 9 Champaign Main Office, IL 13 Westchester Office, IL 6 Towne Centre - Saginaw, MI 2 Naperville South Office, IL
TE; : J
5 40 | —
2 30 | |
DN L] | -
0 2,000 1,800 1,700 1,500 1,400
S GreensourgSouth Main, PA 1® Micway OperationsCenter L 19 herospace-2000, 08~~~ 2 Highland il O 10 Crawfordsville Road, N
60
50 T T
© | E | |
; 0 . = = i T
5 20 j P T T oot
E 10
= 1, 800 1,200 L 920 880 i
2 @ WWarren -201 LlhenySt % Traverse ity Main Office, M 3 Dupont-DC 11 Clarendon Hills Office, IL 7 Miamisburg Bldg 1, 0
o
E 50
g 2 |
Y 30 |
. e
100 Lo Tr—bees | | L] e
450 300 250

15 Hanover Admin Center, PA

16 Plymouth MI Main Office, M

Liberty Commaons, PA

Miamisburg Bldg 5, OH
Nort East Main, IL
East Brunswick, NJ

3

High cooling MAY be due to a building's:

e ¥h_ —

e T RS 150
Poor Insufficient Air Conditioning  Poor Seasonal

Envelope Shading Inefficiency Operation

3 A CLOSER LOOK: Highest cooling loads of the 5 worst

cooling buildings determined by the slope of the curve

East Brunswick

+10

+
w

—+ Valley Plaza
- Liberty Commons

North East Main

source load above
baseload (kBTU/sf )

baseload .-

—Miamisburg Bldg 5

20
1500

80 temp equivalent ('F)
500 degree day

Worst Seasonal Operation

it

Worst buildings in terms of

Envelope, Insufficient Shading,
or Air Conditioning Inefficiency

approx.

cooling until:
29°F
35°F
4°F
46°F
59°F

Valley Plaza, IN

]
Liberty Commons, PA Valley Plaza, IN
coolinguntil ~26°F  cooling until ~35°F
———
East Brunswick, NJ North East Main, IL
using ~7 kBTU/sffor  using ~3 kBTU/sf for
15°F of temperature 15 °F of temperature
change change
per 15°F Energy Signature
temp change: all electric buildings ~ buildings with gas consumption
~2KBTU/sf cooling
~2 kBTU/sf % - .
77 electricheating [} heating
~2 KBTU/sf base gas load
~3 KBTUsf . baseload I~} base electricload
~7 kBTU/sf -

— total consumption
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a MMX extension as a Pplatform’ for CMU Invention Works
Curricular and Technological Flexibility
Human Health and Productivity
Environmental Sustainability
Natural Conditioning towards Net Zero
Energy Cascades towards Energy Plus



Sustainability Research for Cutting Edge Practice Vivian Loftness, FAIA



