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Building performance visualization
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Cost normalization by person
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Building Level [6elaEl Bwldlng

7 storeys, 8000 m?

Offices, classrooms,
research labs computer §.
abs, café

~irst building with
Power over Ethernet
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‘ Building performance visualization
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BIM->BPS and model calibration
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Canal Building — Heating Season Energy
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PASSIVE ENERGY
(23% OF TOTAL ENERGY GAIN)

‘ Canal Building — Heating Season Cost
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Air Handling Unit — Heating Season
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Occupancy in professor offices 18
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Arrival and departure times
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19

6 9 12 15 18 21 24 For Prof. O’Brien:

Earliest expected first arrival
time is 8 am.
Latest expected first arrival
timeis 1 pm.Ifitis1 pmand
he has not arrived, his
terminal equipment can be
setback.
Latest expected last departure
time is 8 pm.
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Intermediate vacancy periods 20

0.7 - Distribution of intermediate vacancy
0.6 - periods in individual rooms
0.5 -
Q04- Distribution of all intermediate
o -
e 0.3 - vacancy periods
0.2 -
0.1 -
00 "——F————F——7—1 7
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For Prof. O’Brien:

e Longest expected duration of intermediate absence period is 3 h.

e |f he takes a break and does not return in 3 h, his room HVAC
equipment can be setback.
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Thermal and optical properties of offices




Generic graybox model with
unknown parameters

Outdoor temperature
Indoor temperature
Daylight sensor
Occupancy state

Radiant panel state

VAV pressure sensor

VAV supply air temperature

Room 1

Forecast
.~ instance 4

MAE with EKF 0.6°C
MAE with PF 0.7°C

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
< Apr11 Apr 12 Apr13 >

Gunay, H. Burak, William O’Brien, and lan Beausoleil-Morrison. "Control-oriented inverse modeling of the
thermal characteristics in an office." Science and Technology for the Built Environment (2016): 1-20.
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Temperature learning

e e
= Original controls heated .Dﬁi‘i‘?‘
an.d.cooled to 22°C with ——
minimal occupant o
overrideability
30
m But 1/3 of overridesin 2~
. £ 27 - T -
winter were to decrease  :x- .. T
temperature ==, o = : “
522 — '
. g5 I 2 -
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18 '

summer were to increase R i i | |

Too Hot Too Cold Too Hot Too Cold

te m p e ra t U re Heating Season Cooling Season
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Probability of a thermostat
override in the next 60 min

15
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Indoor temperature (°C)

Frequency of thermostat override

actions is a proxy for user comfort

Indoor temperature (°C)
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Always lower than 22°C
Always higher than 22°C\

— Heating setpoint 4 < Setpoint increase instances

Heating setpoint (°C) 19 19 19 19
Cooling setpoint (°C) 24 24 24 24

g 22 — e = e S B = e e - Default setpoint
z2 v,

= 20 h

279 W sp

218 —

217 41 days 34 days 37 days

= 16

T 15

Oct Nov Dec Jan Feb

26



Default algorithm — between Mar 2015 and Mar 2016
1400 h radiant panel operation

e 8.6 ac/h chilled air purchased in summer

e 8% of the occupied duration below 20 or above 25°C

e 2 complaints

27

l/‘ l\| L
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Adaptive algorithm — between Mar 2015 and Mar 2016

e 400 h radiant panel operation

2.1 ac/h chilled air purchased in summer

4% of the occupied duration below 20 or above 25°C

e 0 complaints

1% of the occupied duration above 1000 ppm CO, 27




Effect of adaptive controls in heating load diversification 28
Default control algorithm

S LF L
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29
Recursive learning from users’ light

switch on behaviour inside Delta Lab
1.0 . . :

93% of the light switch off
decisions were accepted

R1 prefers brighter
conditio

Probability of light switch on

| I | — - :H“:::::‘:::—';::hu:l_———:—-___f. =
0 50 100 150 200 250 300 350 400 450 500
Ceiling illuminance (lux)

L|ghtsm{|tch off 430 108 108 —
setpoint (lux)
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Integrated energy, daylight, and occupant simulation 3,

Adaptive lighting controls
Manual on & Auto off with daylight and vacancy

W=202hc=248h

Manual on

Auto off with vacancy

n=309ho=222h
Manual on & off

u=821ho=531h
Auto on with occupancy DAYSIM

Auto off with vacancy
u— 1029 ho=361h

3382828800000

0 600 1200 1800 2400
Lighting use (hr/yr)
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Occupant model development

31

Occupant(s) Occupant(s)
Comfort Adaptive
conditions actions
Operating TORT, Performance Operating SEETINT Performance
conditions - Bwldmg > conditions > BUI|dII’]g >
DOE office occupancy

1.0
0.8
0.6
0.4
0.2
0.0

Ratio of occupants present

Lo o Py Iy Iy

---------- Carleton office occupancy

12 24 36 48 60 72 84 96 108 120 132 144 156 168

Time of week (h)



‘ Occupant modelling in the design

process

Annual lighting electricity use (kWh!mz)

—— stochastic OB
—o— static OB: blind closed
=-0--static OB: blind open

20% 30% 40% 50% 60%
Window-to-Wall area Ratio

Stochastic
models

Static
models

WWR 20%

<>
>

(Gilani et al., 2015)
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‘ /one level heating and cooling

Heater valve state [%]

Cooling load rate [kW]

2.5 T T T T T T T T T s T T T T T T T
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, b
2 - —West offices ; N, h
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f —
1.5
1
0.5
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Time of day [h]

0 ! I | | 1 L 1 I | I | e 1 1 ! I !
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Time of day [h]
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0 | 1 1 1 ] 1 L 1 | L | L | | | | | | 1 1 1
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5.1

3.4

Cooling load rate [kBtu/hr]

—
-4
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Occupied
periods

Sat Sun Mon Tue Wed Thu Fn

Setpoint

T T N N TR NN TR NN A NN NN N NN N YA
decrease T — ¥

/ Opened
windows

T T T '

I L L L L D L L
Wed Thu Frni Sat Sun Mon Tue Wed Thu Fn
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‘ Hotelling potential

1 l | .

2 T
.08
7
Q
_E 0.6}
o
E 04|
;
~ 0.2
0 | | I | I I
0 1 2 3 4 5 6 7 8 9

Number of occupied offices

(out of 15 employees)

10
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Fault Detection and Diagnhostics (FDD

Cold water supply
Cold water return
Hot water supply Temperature

Hot water return CO; X2
Relative humidity
AY Presere sensor 0.008
Exhaust «-- | v HOt_water valve 0.007 oo, "0 Lee o
Outd ) AHU : position 0.006 S Sy ........'...'.oo e, sles T ter s ey
vidoor air— . y Damper position ’a ) *te " 0 ‘.
H e % 0.005
ot water return - WAV L Temperature U 0.004
Hot water supply | ¢ : Pressure sensor ~
. ___ »Lighting state = 0.003
—— W = .
Radiator Supply Return | » Daylight sensor 0.002 ® # o ¢ [ncreased Infiltration
. Air Air
Blinds Temperature 0.001 e ault Detection Limit
Cqsual ml» CO; _ » 0
Agains Relative humidity
co, Motion sensor Day 11 Day 16 Day 21 Day 26
Envelope and moisture
infiltration losses . » Plug load sensor

Envelope
Degradation

Decreased Heating

Window Leakage quipment Efficiency

r
|
I
|
|
I

oo Sniey S

Increased Infiltration
(CO2)

Increased Heating
Sensitivity

Lower R Parameter
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Sensor placement optimization
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Sensor positioning

Room 5208 Room 5207

Room 5205

N
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N
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/one-level virtual sensing

It is expensive and impractical to measure

everything at the zone level

But virtual sensors can be developed to

Cold water supply
Cold water return
Hot water supply

Temperature

Relative humidity

Pressure sensor

Hot water return CO;
AV
A

combine multiple sensors, inferences, and  exmaust < DA S ;
mathematical modelling

Domains

Heating and cooling rate/energy

Lighting power
Number of occupants

Solar gains

Internal heat gains

400

Qutdoor air—»

AHU

Hot water return

Hot water supply

I I
Solar Radiator

Envelope and
infiltration losses

Y

Blinds

= .
Supply
Air Air
Casual
;gains
CO,
moisture

Return

g (W)
S

200
100

0
9/06/2016 0:00

~ Sensible Coolin

19/06/2016 12:00

20/06/2016 0:00

43

Hot water valve
¥ position

"~y Damper position

: » Temperature

Pressure sensor

» Lighting state

» Daylight sensor

Temperature

> CO;
Relative humidity
Motion sensor

» Plug load sensor

43



CETSRERT P ]

wdtl] | 134 LUBNNEE
n =l sl

Auto-commissioning

s Many opportunities to characterize
spaces before occupancy using
reduced order models and el | | G
systematic system identification.
Examples:

Estimate lighting power at room level
by turning lights one at a time,

Estimate thermal resistance to outside
in @ room and compare to as designed.
Air-balancing by estimating OA supply
rate using CO, mass balance models.

Use of BIM to obtain basic building
information.




‘ Integrate BIM into operations
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Real-time visualization =

m Build up data infrastructure to
provide interactive visualization I
for operators and other I b

stakeholders




Immerse graduate students in operations
— 2 7

m Most of our research has
been inspired by
observations, training from
Regulvar, etc.

= This hands on experience
provides unparalleled
learning and research
opportunities
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Occupant Engagement -

m Current occupant feedback is limited
to LCD screens (temperature) and
building-level display.

= New eZNS thermostats will enable
better engagement and answer:

Is system working and responding to user
input?

|s office operating efficiently?
How could occupant reduce energy?

Windows, blinds, thermostat, etc.

How does occupant/space rank?




Training the next generation of engineers "

m We are developing a course around the design, construction, and
operation of the new Health Sciences Building.

m Resources provided to students will provide the ultimate training
experience:
Recorded lectures and technical tours
Access to drawings and BIM
Raw data repository
Time-lapse construction video |
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Health Sciences Building B

I h floor: 13 private offices

' i flook: 12 privaté offigés F
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Health Sciences Building

(o)
& Smart electrical outlet

11 Wust measure power
a consumplion and
e coennect to controller,
11 One smart outlet for
= each planned
receptacio

ovo

Wired geiling-mournt
daylight illuminance

SEMNS0r ‘
Three depths

approximately 1. 2, and

3 meter from fagads

along cantreline.

Locations must be the .
same in every office. .
Should hawve 0-2000 lux

range ar greator,

. ~ Wired operable
“/ window contact
. /' sensar
-
‘. Mustconnectto
L controller

s

Cporable window signal
light

Rather than motorize the
window (which may be a
long-ann mainlenance
linbility?, a signal systam
will recommend to open
or clase windows based
on rule-based appreach it
Calta EZMNS-TL00 is used,
it has controllable
backlights)

Molorized window shades
Wust integrate into BAS and
b cortrolled from
thermostal. Shade fabric
should be white and have an

OpENNEss factor of 3% and no

mare than 5%. Higher
openness will not protect
fram daylight glare.

il

e e
Kk Radiant heatig panel S

SIF Grant

-
Wired door contact sensor / /

Y
Must connect to cantroller <

One EZNS-T100 thermostat

Lacated centrally an wall opposite
desk to maximize coverage of motion
sensor and representativeness of
tempearature, RH, and GOz Must also
cantral lights.

Ohjective: Measure ooecupancy, air L
temparature, RH, GOz provide light
and temperature setpoint inputs far
arcupAnts: provide basic feadback to
occupants

Ceilling-mount geclpancy sensor
Should ba located at approximately
cantre of office ceailing for redundancy
over DNS 241

Prosonic Flow 91WA1 Clamp On
ultrasonic flow meter for supply
glycol loop (same for VAY reheat

supply ling) Ir —
This tlow meter will measure Q

heating fluid flow rate to each .

radiant panel jclosed loop, 20 *
return does not necd to be L
measured). Localion is al pipe " *qi{l
immediately before radiant pansl. L ’Ji‘

e -

Fluid flow temperature

rF __________ | sensors (one at radiant panel

|uid How temperature
sensors (for each ¥VAY box
reheat coil)
Position should be

| immediately before and afler

| reheat ooil. Sensars should

I he re-coversd with insulation.

| Must feed in to controller
| {product not selected)

| supply; one at return) (same

| for VAV box reheat coils}

I Pasition should ke

| immediately before and after

| radiant panel. Sensors should
| he re-covered with insulation,

I Musl feed in Lo contraller
I iproduct not selected)
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- Kilowatts Fall ( 5)
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Profile Progeas et || October 18, 2016
s ezl | | jts second week 45 people pledged to reduce energy
and Watch the Kilowatts Fall.
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Thank you — Questions?
Liam O’Brien — liam.obrien@-carleton.ca
carleton.ca/HBILab
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