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Does teleworking save energy?
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Telecommuting—An Alternative to Urban
Transportation Congestion research methods

Does telecommuting save energy? A critical
review of quantitative studies and their
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Status quo

24 studies have looked at one or more domains; none have captured all.

—

‘©
=
Transportation savings Office savings g
o) (%)
oo
gl =
=
: > 3
Added ICT Added . Home office Consumpthn at g
transportation vacant office é
=

]

3

Spatial and temporal boundaries

1," Future
it .~ Present prTTTTT I N
: i :

i 4: Transportation |

i | Residential | ! i Office

1 [ 1

! buildin : _ : buildin

i & 1! Information/ &

H «I = o = e —:’

! i communication |

D ./ technology >




Primary effects

Secondary eects

Teleworking Domains

Transportation Office Residential icr
1 1 1 Il
1 H s e cnees e e ki -~ ' + 1 )
. i " - [ Office equipment
i - ol ) i ‘
Home size T ! Bonioe coricy wae | |+

Legend

Advanages

Primary effects Primary effects

Disudvantages

1: Increased/ |: Decreased/
Improved Worsened
Potemial positive  Poreatial negative
conncetion conncetion

-_—_—e—m——_—
Evidence-based connection
—

Relationship Cause & cffect

[T S P S e —

—

Evidence-based or potential reasons

*As of 5/18/2022 tAs of 2019
| Source: U.S. Census Bureau 2019 American Community Survey, Kastle Systems

Office occupancy vs. commute time for US cities
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Midtown (Manhattan) office occupancy
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Office buildings

* Minor positive energy benefit
* Highly dependent on
adaptability:
* Hotelling/hot-desking

* Demand-controlled
ventilation (DCV)

* Occupancy-based setpoint
and lighting control

 Sleep mode on electronics




Office buildings

Why Empty Office Buildings
Still Consume Lots of Power
During a Global Pandemic

Commercial Building Electricity Reduction

As Compared to Week of March 1st

March 8 - March 14 March 15 - March 21 March 22- March 28 March 29 - April 4 April 5 - April 11
US Total 5% 12% 18% 22% 25%
Northeast 7% 16% 21% 23% 26%
Midwest 4% 3% 11% 19% 25%
South 5% 10% 16% 22% 24%
West 4% 14% 21% 22% 27%
r @ hatchdata Source: www.hatchdata.com [ ﬂ
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Occupancy and lighting controls

Occupancy Light state
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4 cubicles/lighting control zone

Occupancy Lighting
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25 cubicles/lighting control zone

Occupancy Lighting
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Office hotelling potential/probabilistic occupancy
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Office hotelling potential/probabilistic occupancy
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Home

* Net negative effect
* Previous estimates range from 0.1
to 20 kWh/teleworked day
* Highly dependent on operations
* Zoned heating/cooling/lighting
* Optimally-scheduled setpoints with
vacancy setback
 Laundry, baking, etc. shift peak
loads
* Bigger home to accommodate office?
* 4% larger (Nilles, 1990)
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Ottawa residential electricity use

* Average daily home electricity =~ 6500

use up from 19.7 kWh to 22.1 —— 21 March 2020 demand
kWh (12.1% increase) 6000 | 21 March 2019 demand e core hours of 11 a.m - 7 p.m. show
roughly 14% more electricity use
* Peak loads are up 15 to 20% 5500 | than usual

over pre-COVID

5000 | Ontarians are starting their days
later. Morning peak is now
| around 1 p.m., rather than 8 a.m.

Demand (MW)
N
a
o
o

electricity use reverts back
to a more typical pattern

Evening hours and overnight,

Time (h)

2 4 6 8 10 12 14 16 18 20 22

24
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Energy usage in the home (survey of 300 Canadians)

FOR EACH OF THE FOLLOWING ACTIVITES/SYSTEMS, HOW DO YOU
EXPECT THEM TO AFFECT YOUR ENERGY USAGE NOW VS. A YEAR AGO?

Computer/office equipment  |io% 41% 28% [121%

Entertainment (e.g. TV) | 34% 35% 22% %

B Much lower (more than 50% lower)
Cooking (e.g. stove) | 27% 42% 23% 6%
m Lower (25to 50% lower)
Li htln b % .
gnting [ — - Slightly lower (10 to 25% lower)
Laundry [E ik 17% o No impact/similar
Showering/bathing g 64% 14% Slightly higher (10to 25% higher)
Heating/cooling systems | 47% 2% [15% Higher (25 to 50% higher)
11% Driving Much higher (more than 50% Iower)
-53% -8% 35% Transit use (e.g. bus)
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Energy usage in the home (survey of 300 Canadians)

-Percent of participants who had each item-
LAPTOP
PHONE
COMPUTER
57% MONITOR ' vERHEAD
88% LIGHT SOUND
EQUIPMENT
66% PRINTER
60% R
57% _—
Laptops tend 43% 27% . )-.
to use less More than half R
power and be of participants (“Printers” 15%
turned off with at least could also 14%
more often one computer include fax
than desktop monitor had machines and
computers 2+ monitors scanners)
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Floor area normalization: Canadian housing stock
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Canadian housing stock: Floor area
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Floor area normalization
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Midtown (Manhattan) office occupancy

Size of New Single-Family Homes
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Attitudes towards teleworking

When you are ..energy bills?
forced to work
from home, do 17.2%
" of participants

you believe S Eobabhe
your employer
should pay

torallof & — 7.7%
L —_— of participants
your ... =—f B say "absolutely"

*  67% of participants wanted to work from home more than
before based on this teleworking experience

..internet and phone bill?

27.6% TN
of participants ®
say "probably"

) 19.2%

of participants say
"absolutely"

25 25 |
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Energy usage in the home

* To improve the functionality of their home working environment...
* 52.9% of participants had to start using more electronic devices/appliances

* 32.3% of participants had to buy new electronic devices/appliances

« Teleworkers need equipment, which is associated with energy use
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Energy usage in the home

FOR EACH OF THE FOLLOWING ACTIVITES/SYSTEMS, HOW DO YOU
EXPECT THEM TO AFFECT YOUR ENERGY USAGE NOW VS. A YEAR AGO?

Computer/office equipment  |io% 41% 28% [121%

Entertainment (e.g. TV) | 34% 35% 22% %

B Much lower (more than 50% lower)
Cooking (e.g. stove) | 27% 42% 23% 6%
m Lower (25to 50% lower)
Li htln b % .
gnting [ — - Slightly lower (10 to 25% lower)
Laundry [E ik 17% o No impact/similar
Showering/bathing g 64% 14% Slightly higher (10to 25% higher)
Heating/cooling systems | 47% 2% [15% Higher (25 to 50% higher)
11% Driving Much higher (more than 50% Iower)
-53% -8% 35% Transit use (e.g. bus)
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Energy usage in the home

Much lower Lower (25to  Slightly Noimpactor Slightly Higher (25 to Much higher
(more than 50% lower) lower (10to  similar  higher (10 to 50% higher) (more than
50% lower) 25% lower) 25% higher) 50% higher)
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Energy attitudes & behaviours

During COVID-19, how often have you...
40

35
30
25
20
15
10
5
, = Y7

Never Rarely Sometimes Often Always

Percent of participants [%]

™ ...cooked/baked between 9 a.m. and 5 p.m. on weekdays?

# ...done laundry between 9 a.m. and 5 p.m. on weekdays?
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Energy attitudes & behaviours

HAS YOUR ELECTRICITY PROVIDER STARTED CHARGING A FLAT/CONSTANT RATE
DURING COVID-19, RATHER THAN TIME-OF-USE PRICING (TOU)?

Percent of Ontario participants [%]

Yes-TOU never affected my behaviour
Yes-TOU no longer affects my behaviour
Yes-TOU continues to affect my behaviour
Yes-other

No

Not sure

o
=
S

20 30 40
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Attitudes towards teleworking

When you are ..energy bills? ..Internet and phone bill?
forced to work
from home, do 17.2% 27.6% = >
beli of participants of participants ®

youbeueve say "probably" say "probably"
your employer
should pay

P e 7.7% 19.2%
partorallo —_— of participants of participants say
your ... =—f say "absolutely" "absolutely"

*  67% of participants wanted to work from home more than

before based on this teleworking experience
32 32|
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Follow-up survey results

*  “Does your current residence have air-conditioning?”
« 77% of the respondents have central A/C
* 9% do not have any A/C

*  One person said they had both central A/C and a portable/window A/C unit

* Only one person said they have multiple window/portable A/C units (1 in the room they work in, 1 in
their bedroom)

+  “How often are you using air-conditioning compared to last summer?” Of the 51
respondents who had A/C:
* 47% of respondents say they are using their A/C more during the day
* 43% of respondents say they are using their A/C the same amount as last summer

33

Energy usage in the home

FOR EACH OF THE FOLLOWING ACTIVITES/SYSTEMS, HOW DO YOU
EXPECT THEM TO AFFECT YOUR ENERGY USAGE NOW VS. A YEAR AGO?

Computer/office equipment  |io% 41% 28% [121%
Entertainment (e.g. TV) | 34% 35% 22% %
B Much lower (more than 50% lower)
Cooking (e.g. stove) | 27% 42% 23% 6%
m Lower (25to 50% lower)
Li htln b % .
gnting [ — - Slightly lower (10 to 25% lower)
Laundry [E 3% 17% Hi No impact/similar
Showering/bathing g 64% 14% Slightly higher (10to 25% higher)
Heating/cooling systems | 47% 32% 15% Higher (25 to 50% higher)
“58% SIUET ii% Driving Much higher (more than 50% lower)
-53% -8% 35% Transit use (e.g. bus)
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Attitudes towards teleworking

When you are -..energy bills? ..Internet and phone bill?
forced to work
from home, do 17.2% 27.6% o=\
beli of participants of participants &

youbelieve say "probably” say "probably"
your employer
should pay

Sy A 7.7% 19.2%
partoralio —_—— of participants of participants say
your ... =—E say "absolutely" "absolutely"

*  67% of participants wanted to work from home more than

before based on this teleworking experience
30 ﬂ
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Transportation

* Probably the biggest energy/emissions-saving
opportunity

«  BUT, 3 of 21 studies reported an increase in
transportation use from telework
*  Major rebound effects:
* Poorer trip-chaining
* Family now has car to use
» Bigger/more cars
 Suburban sprawl
* Less traffic > more driving by others
* Unclear what comes first:
* Teleworkers move farther
 Suburbanites start teleworking more

36



Transportation energy vs. density
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Escape to the country: how Covid is
driving an exodus from Britain’s cities

America’s Biggest Cities Were Already Losing
Their Allure. What Happens Next?

The s may
be te
tren

THE WALL STREET JOURNAL. __ -
Escape to the Cotintry: Why City Living Is
Losing Its Appeal During the Pandemie

POLITICO Reasons to Love

The death of the city (and Not Leave)
&= Toronto

Teleworking, not the coronavirus, is making urban living obsolete.
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Information and Communications Technology (ICT)

* Negative effect, but enabler of
teleworking

* Global data transmission uses |
1.1-1.4% of total electricity use | -
— expected to doublein a
decade

* Major uncertainty about
energy-intensity and data
actually used for work !

* 0.1-1.0 kWh = 1 GB (e.g., 0.5-1 :

Index 2010 =1

Internet traffic

Data centre workloads

hours of Zoom meetings)

— ﬂ
40
The verdict on whether telework saves energy overall
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ze now want the kind of climate
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EBC @ IEA EBC Annex 79
ﬁ Occupant-centric
Enorgy in Bukdings and building design and operation

2018-2023
Profs. Andreas Wagner (Germany) and Liam O’Brien (Canada)

Communities Programme




EBC &)

Energy in Bukdings and
Communities Programme

Organization in four subtasks

ST1: Multi-aspect
environmental exposure,
building interfaces, and
human behaviour

ST2: Data-driven
occupant modeling
strategies and digital
tools

ST3: Applying occupant
behavior models in a
performance-based

design process

—
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Countries involved

EBC &)

Energy in Buidings and
Communites Programme
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Non-member countries/observer status

19 [UAE
20 [Hungary

*21 Poland

R
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Comfort at home and in offices

Office workers have come to expect a high degree of
personalized control over their environment
* We need to provide high IAQ without major energy

penalties
Homes are prone to discomfort with telework and other

new uses
Use of air-conditioning likely to increase at home

VL
b

B~y %
C

i
e ah]
; Al @ |

46
Impact of noise in multi-unit residential buildings
Change in Perceived Loudness Change in Annoyance
] B Overall indoor noise [ E
[ | i Overall outdoor noise = =5
| = Impact m =
I - Floors/Ceilings I -
] ] Wall i] BE==
| ] Other occupants il =
[ | | Shared spaces [ | BE=
I 1 Water ] ]
| | Heating/Cooling 1 i}
I | | Balconies [ | [ ]
I | Service_Inside B | ]
1 1 Service_Outside il | ]
I | Weather i [ ]
= [ ] Construction [ | ji=si|
| 1 Neighborhood | |
=] | Traffic == =
-80% -60% -40% -20% 0% 20% 40% 60% 80% -80% -60% -40% -20% 0% 20% 40% 60% 80%
% of participants % of participants And?rgle' Touchie,
O’Brien (2021)
®Much quieter Somewhat quieter “No change ¥ Less annoyed “No change ®More annoyed
47 |

| Somewhat louder ®Much louder
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Data-centric approaches to research and design

‘Occupant-Centric Urban Data

Survey Data Building Data
- Mobility survey - BMS / smart systems data

- Smart meter
1 - Spatial data from
campus setting

- Indoor & Outdoor comfort
- Population /Demographics
- Time use survey

Applications

Network
Science

\ Building Functionality

Building and Space Occupancy

Machine
Learning

Indoor Movement Behaviour
Optimization }—

Building System Interaction

Building
Science

Environmental Comfort Modelling

J Occupant Energy Modelling — ﬂ

Building

| Physics
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OCC for HVAC

Occupant-centric controls (OCC)

Occupant
behaviour-centric

I_ Thermal comfort }—l

Occupancy-centric

‘ Presence

v

Occupant Centered Control

) Thermostat keypress
@ [@] Motion detector WiFi App or web-based Telnpe.rglum
Bluetooth control & voting Humidity
@@ Motion detectors terfac Solar radiation
Recursive least squares _ Acoustics MUEHRCS
Empirical probability distribution Camera-based
Logistic regression O,

1R Decision trees . . .

Building Systems N Nusterine Fisher Discriminant Analysis

gy Human- K-means clustering - Fuzzy predictive modelling
= Buildin ¥ Hidden Markov Logistic regression

e 18 — — P Ip-oldel!I Algebraic sum of comfort votes

Interaction Expected arrival / departure times article filter Logistic regression

& l Quadratic programming
Artificial neural networks

Demand controlled

Temperature / humidity setback P G i
z pel Y | ventilation Bayesian inference
Z ¥
=z
z ot v
z VAV terminal unit ‘ Temperature preferences
Perimeter heaters ‘ VAV terminal unit
Fan coil units . v
Radiant floor slab ‘ Temperature setpoint adaptation
Heating and cooling elements in
chairs ¢

VAV terminal unit
Perimeter heaters

Motorized windows
Radiators
Radiant floor slab
Heating and cooling elements in
chairs
) » —p cl
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BPS OB modeling ~ B >"0B Parametric = Uncertainty o500y RODUSE
integration variation analysis design
Building performance Design methods and
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simulation methods applications i 2
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