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DEMOGRAPHICS ward 13 (Toronto Centre)

10/0 o B,

Al e 4%
Semi-Detached =
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1%
Duplex

12%
<5 Storeys

4]
5+ Sto?ezyé0

Occupied private dwellings by structure type
Source: City of Toronto, Census 2016
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Ward population 103, 805

Population growth (2011-2016)

Ward 13 l

Toronto
4.5%

Density (people/hectare)
Ward 13

)

Toronto
43

Average rent $ 1, 2 14

Tenure
Ward 13
71% HELY Own 29%
Toronto

47% 1114 Own 53%

Unemployment rate 8. 8%
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Energy Building Envelope Iterations Cooling and Heating Loads
250 kW 300 kW
q q 250 kW
Engineering 200 kW
. o 200 kW
= 150 kW £
= = 150 kw
< =
= 100 kw 2 100 kw
50 kW
q 50 kW
Operations
0 kW
0 kw Baselne Improved R-value wih Shading
BaselneBuilding improving R-value Improving R-value and s .
Innovation Airtighness m Cocling mHeating
HVAC Iterations
Resilience S
Financial 200 kw
feasibility =
E 150 kW
Market 2
Potential S A0 EW
Embodied 30 kw
energy
0 kW
Base Model ASHP/DOAS GSHP/DOAS Page 21
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ENERGY CONSUMPTION

Annual End Use Break Down - Base Model

W Heating (Natural Gas)

m Cooling

Interior Lghting

m Interior Equipment

mFans

m Pumps

Waer Systems (Natural Gas)

EUl: 226 kWh/m2/yr (71.7 kBtu/ft2/yr)
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Annual End Use Break Down - Proposed Design

m Heating
m Cooling
Interior Lghting
m Interior EQuipment
B Fans
m Pumps

Waer Systems

EUL: 71 kWh/m2/yr (22.5 kBtu/ft2/yr)
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11.18 AM

RENEWABLE ENERGY

MARCH 21 JUNE 21 SEPTEMBER 21

Shadow analysis

DECEMBER 21
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Sun path diagram (Sun path 3d, 2020)
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Office building roof area: Office building: Additional PV array:

Approximately 1200 m? (12916.7ft?) No. of PV panels- 206 No. of PV panels- 580

Additional PV array potential from adjacent PV array size- PV array size-

building- 92.7 kW (316.3 kBTU/hr) 261 kW (891 kBTU/hr)
1. Architecture building Tilt angle- 32° Tilt angle- 32°

2. Pitman Hall Residence

e

| Additional PV ;i'ray Iaybﬁf(

R

Helibscope, 2020)

W

PV array layout (Helioscope, 2020)
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RENEWABLE ENERGY GENERATION

45000

40000

35000

30000

Energy generation (k\Wh)

January February

25000
20000
15000
10000
5000 I I
il |
May

Monthly energy generation

March April June

Month

I | |||I‘.|.|
July
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August September October November December

H Traditional PV (kWh) BICPV (kwWh) W Additional PV array (kWh)

Traditional PV panel:
Annual energy generation-

100.6 MWh (343261.4 kBTU)
Energy offset (EUI)-
18.86 kWh/m? (5978.6BTU/ft?)

BICPV:

Annual energy generation-

201.2 MWh (686522 kBTU)
Energy offset (EUI)-

37.72 kWh/m? (11957.2BTU/ft?)

Additional PV array:

Annual energy generation-

312 MWh ( 1064588.2 kBTU)
Energy offset-

54.23 kWh/m?EUL.
Page 25
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Maximum illuminance: 850 lux towards the perimeter
Energy Minimum illuminance: 170 lux towards the interior

(at 11am during winter)
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Daylight availability (without passive shading strategies) Daylight availability and annual glare (with passive shading
(ClimateStudio 2020) strategies) (ClimateStudio 2020)
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5/8

DAYLIGHTING_ Passive shading strategies

South facade: External light shelves
West facade: Vertical shading
South and West: Internal blinds

Minimize glare on South and West facade.

]

Exterior light shelves on south and vertical shading on west

Z External light shelves
on South facade

Exterior light shelves panel details
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y /— Anchor

——
aie—
Panel width Panel width

Transverse section through the panel

Hinge

| 1] é—l

Panel length |

600mm

Longitudinal section through the panel

iﬂnchor

R T — -
/ )

600mm |

Longitudinal section through the panel

Exterior light shelves panel sections
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Engineering

EE'C—E‘S’(;%ON — =/ PRINTER/ COPIER
g CANON C475iFZ IlI
& - Y : [ = | 28.1kWh/ year (est.)
nergy Star o Energy Star
Operations T dp F
LARGE PLOTTER
EPSON SC-T5470M
11.3 kWh/ year (est.)
. —~] MICROWAVE Fnergy Star
Innovation | 07| PaNASONIC NN-GT69KS
= 260 kWh/ year (est.)
MONITOR
ACER B247Y C
ope 40 kWh/ year (est.)
Resilience ] REFRIGERATOR Energysiar
: SUMMIT FF1085SS
296 kWh/ year = I -~
5= Energy Star ‘ "\ KITCHEN
. . ‘ COMPUTER
Financial ASUS ES00 G5
H™H 655 kWh/ year (est.)
feasibility e
ETY (] PHONE
i VTECH S1100
POte ntlal 3 9 kWh/ year (est.)
L1 e} DISHWASHER Energy Star
MIELE G-6885-SCVi
H 199 kWh/ year
EmbOdled Energy Star

energy

AVERAGE ENERGY SAVINGS = 32% Page 28
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R-Value Optimization

Optimized Wall Insulation Analysis

Effective R-Value (m2/W )
wu

QD = MNWw

210 212 214 216 218
EUI (kWh/m?/yr)

220

222

Effective R-Value (m?K/W )

14
13
12
11
10

LS LB = B I « = B e
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Optimized Roof Insulation Analysis

219

219 220 220 221 221 222
EUI (kWh/m2/yr)
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12 GA. STAINLESS STEEL
HIDDEN FASTENER CLIP
(1 PER PANEL, PER SUPPORT)

~— 22CA CAP FLASHING

SET CLIP IN BUTYL SEALANT

ROOFING MEMBRANE

13MM PLYWOOD

152MM STUDS FILLED WITH
INSULATION

13MM PLYWOCD

BLUESKIN

150 MM INSULATED METAL PANEL

Financial . AIR CONTROL LAYER
feasibility
VAPOUR CONTROL LAYER
Market
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WQOOD BLOCKING

SUPPORT

2277,

ROQFING MEMBRANE

COVER BOARD
75MM TAPERED INSULATION
250MM INSULATICN R-VALUE S5

BLUESKIN VP 160 BREATHABLE

STRUCTIJRAL DECK

STRUCTURE:
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CONTROL LAYERS

- AIR CONTROL LAYER

VAPOUR CONTROL LAYER

. BULK WATER CONTROL LAYER

13MM GYPSUM
152MM HORIZONTAL
WOOD SUPPORT
150 MM INSULATED
METAL PANEL

CONTINUGQUS SEALANT

EXT

EXT &

INT

(4
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HVAC SYSTEM

Legend

ROOFTOP DOAS SYSTEM WITH A
ROTARY HEAT EXCHANGER

WHEEL

Heat Pump
Loop

«—  — H/C

Air Flow

Fan

Zone thermostat

Discharge thermostat

Louver

W 2200000 | [2]|[F] @ Ve |

Piping inside a system
component

Filter

/171

X FRESH AIR
>
: é\/\/‘@%/\/\

TR EXHAUST
3

CONDITIONED
SUPPLY AIR
Z

50N

—

Tu RETURN AIR

H/IC

Heating / Cooling Caoil

Energy Recovery
Wheel

Exhaust Air

Fresh Air

Supply Air

Return Air

HEAT EXCHANGER BETWEEN

GSHP AND WSHP

GSHP BOREHOLE LOOP SYSTEM
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WATER MANAGEMENT 6.2,

Roof area: approximately 1200 m? (12916.7ft?)
Storage tank capacity: 16000L (4226.7 gallons)
Average water use intensity:

700 L/m?/yr (17.2 BTU/ft?/yr)

Annual precipitation: 831.1 L/m?/yr

A Overflow to the sewer
BD storm drain

3
Underground
cistern
R : 5 (160001
® =®
RD\)/ : /RD
Flow meter
++ Water level indicator
Rainwater drains Rainwater collection and distribution
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Rainwater usage and deficit

35,000
30,000 +— —
. . T
Engineering S
£ 25,000 +—
-4
Q=
L
g € 20,000 -
= £
= = 15,000 -
o
. ==
Operations e 10,000 -
(=
5,000
Innovation
o -
= faal fod o > = — (&) o - [
=< r g x g =] = = b7 lo3 2. a
CESER G Month
M Rainwater Demand Met (L) Deficit (Top-up Required) (L)

Financial Rainwater usage and deficit (STEP Rainwater harvesting and costing tool, 2020)
feasibility

Total annual water Low Flow Water Use Annual Rainwater Total water use Annual water usage
usage reduction Harvested reduction after reduction % of reduction

Market
Potential

L/yr L/yr L/yr L/yr L/yr
(gallons/yr) (gallons/yr) (gallons/yr) (gallons/yr) (gallons/yr)

Embodied 3,275,138 447,053 797,855 1,244,912 (328,871) 2,030,226 38%

(865,200) (118,099) (210,771) (536,329)
energy

Conclusion

Water usage reduction
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LIGHTING DESIGN

GROUND FLOOR:

SPACE TYPE:

RETAIL

ATRIUM

BATHROOM

CAFE

LOADING

GARBAGE

CORRIDOR

=

AZUL LINEAR
4’ CIRCADIAN LED

=

RAB
LED STRIP LIGHT - 10 W

LED LIGHT FIXTURE
MOTION SENSOR

LIGHT CONTROL
ZONE
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Innovation COPY ROOM T ——
" i = I s 2 ]
WASHROOM = =— =— =— -~
T Ig I
Resilience LIGHT CONTROL _Fl = ] B |
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. . o o= = =l T
Financial I b = T = 1l
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Market I == = = !
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©  PHOTOCELL SENSOR e | |
LEVITON ODCOP-W ~ | |
Innovation b '
< | °
E LIGHTING CONTROL - | ;
- STATION = ; |
Resilience LEVITON RLVSW-4LW | | |
| | © i
Financial INTEGRATED ROOM CONTROL 4/ [ l g | ) i
feaS|b|I|ty DIMMING i | l i
Market LEVITON MZD20-102 E : L _! | |
Potential N e M .
Embodied |/
energy
Conclusion



Introduction

Architecture

Energy

Engineering

Operations

Innovation

Resilience

Financial
feasibility

Market
Potential

Embodied
energy

Conclusion

INNOVATIVE BUILDING TECHNOLOGIES

NOON
12:00

12:00
Midnight

(Architecture & Design, 2020)

_,\E‘i‘“

lens

— 80-85% of
direct light

LY
o 40% efficlency
ﬁ

(Saleh, 2011)

(Vincent, 2020)

6.2
tafability University

Page 39



: ’q Ryerson
Architecture RESILIENCE tafnability University

Storage tank size determination

e Storage batteries to provide backup power 400
to the office. 5
Engineering e Energy gateway to detect grid outages and =

response accordingly
e Rapid Shutdown system for emergency
situation
e Control of rainwater inflow into the city’s
sewers.

250
/ sag hosx TIS%
200 F13%
42 8% i .
/YZT/I

Rainwater Usage (Water Savings) (m?/fyr)

50 / / Increase in rainwater usage (water savings
0 g g
) U associated with increase in tank size
L Y ' d
Solar panels & 0 v
F /1 1\ \ N 0 5000 10000 15000 20000 25000 30000 35000
.. --“ Cloud ba Rainwater Storage Tank Volume (Litres)

Resilience monitoring platform
[ ] | | S
I % =
Financial . W gk

)

feasibility SolarEdge optimizer : . Appliances L
N $ B
Market ey *bC .
Potential | DC ‘ : = |
oo’ooo‘oo. ) ..'..‘........ XX o.’o.
Embodied Tesla Powerwall 2 Storedge interface Sunny Tripower Energy  Consumption
energy AC battery inverter Switch Board gateway meter

Overall PV system Page 40

Conclusion



Introduction

: i g Ryerson
TN Construction Cost Breakdown 6ta|na ility

Energy
Base Cost: Designed Cost:
Engineering S8.1 M total , $185 PSF S11.5 M total, $258 PSF

222,000 _ 199,000

l
449,000 ‘

Operations
150,000
139,000 _
106,000
Resilience
Financial
Feasibility
Market
Potential
Embodied = Demolition & Excavation ® Structural = Envelope Roof
energy » HVAC & Mechanical = Electrical m Lighting » Waterproofing
. = Conveying Equipment » Interiors m Renewables m Accessories Page 41
Conclusion



Introduction

: i i 4 Ryerson
Architecture Construction Cost Comparison 6ta|na ility

5,000,000
4,500,000
Engineerin
g g 4,000,000
“ i
3,000,000
Operations 2,500,000
2,000,000
1,000,000
Resilience
500,000 I
Financial o =mil .. e -0 B .. | [——
Feasibility Demolition & Structural Ervelope Roof HVAC & Electrical Lighting Water proofing Corveying Interiors Renewables Accessories
Excavation Mechanial Equipment
Market @ Base Building @ Designed Buiding

Potential

Embodied
energy

Conclusion

Page 42



Introduction

- - 6.2
ALl Operational Cost tafnability kb

$120,000.00

Engineering $100,000.00

“ $80,000.00
m $40,000.00
$20,000.00

$60,000.00

Annual Cost

Financial
Feasibility S-
Electricity Naural Gas Domestic Water Total Operational Cost
Market @ Base Building @ Designed Buiding

Potential

Embodied
energy

Conclusion

Page 43



Introduction

: i g Ryerson
NG The State of Toronto’s Office Market 6ta|na ility

$40.00 16.0%

Engineering
$35.00 14.0%
o $25.00 10.0%
Operations — @
o 5
9_',- o
m P N
< E
o
‘; o
] >
$15.00 %
Resilience o 4.0%
Financial &0 2.0%
Feasibility
s 0.0%
Marke.t Downtown Midtown East North West GTA
Potential
B NetRent e \/acancy Rate
Embodied
energy
Page 44

Conclusion



Introduction

— 6.2
Architecture Design Precedent aliea University

Energy

80 Atlantic

65 King East

Engineering

Operations

Resilience

Financial
Feasibility

Market
Potential

Embodied
energy

(Vincent, 2020)

Conclusion (DCN-JOC News Services, 2020) Page 45



Introduction

- - 6.2
SRl Embodied Carbon tafnability [Akhd

16,000,000
|
14,000,000
Engineering
< 12,000,000
™~
(@]
o
%’i 10,000,000
o
: 2
Operations S 8,000,000
£
E
m -
®
Q
o
[c)

4,000,000
2,000,000
Financial _
Feasibility -

Base Building Designed Buiding
Market mAl-A3Maerals mA4 Transportation  mAS Construction B4-85 Replacement B6Energy wmB7Water mC3-C4Waste Processing
Potential
Embodied
energy

. Page 46
Conclusion




6 a Ry-ers 0[_1
tainability IALLLE 13

s

il

4 AL LI

iy E




6.2
Architecture TEAM MEMBERS e rr o University

Engineering

Resilience Ana Padron, Atika Tasnim Adity, Benett Blazevski, David Luong Marta Karlova,
B.Arch, M.Bsc (Candidate) B.Arch, M.Bsc (Candidate) BSc, M.Bsc (Candidate) B.Arch.Sci, M.Bsc (Candidate) B.Arch.Sci, M.Bsc (Candidate)

Financial

Feasibility

Market
Potential

Embodied
energy

Conclusion



Thank you!

f e |
Office Building Division of i By ]
taina Illty ANA PADRON ATIKA TASNIM BENETTBLAZEVSKI 7 l" '”

DAVID LUONG MARTA KARLOVA

...l'hllll 1



References

Architecture & Design. (2020, 3 28). Lighting the way: Human centric lighting and its contribution to social sustainability. Retrieved from architectureanddesign.com:
https://www.architectureanddesign.com.au/sustainability-awards/lighting-the-way-human-centric-lighting-and-its-co

Blakey, J. A. (1907). Jarvis St. Baptist Church, Jarvis St., north east corner Gerrard St. E. Toronto Public Library. Retrieved 04 03, 2020, from https://www.torontopubliclibrary.ca/detail.jsp?R=DC-PICTURES-R-521
City of Toronto. (2018). Aerial 2018 view of 101 Gerrard St, Zoomed out. Retrieved from http://map.toronto.ca/maps/map.jsp?app=TorontoMaps _v2
City of Toronto Planning. (2018). Ward 13 - Toronto Centre. Retrieved from City of Toronto: https://www.toronto.ca/wp-content/uploads/2018/09/8f4b-City Planning 2016 Census_Profile 2018 25Wards Ward13.pdf

ClimateStudio. (2020, 3 2). ClimateStudio. Retrieved from Solemma: https://www.solemma.com/ClimateStudio.html

climateweather. (2020). Retrieved from climateweather.gc.ca:

https://climate.weather.gc.ca/climate_data/hourly_data_e.html?hlyRange=1953-01-01%7C1969-05-31&dlyRange=1840-03-01%7C2017-04-27&mlyRange=1840-01-01%7C2006-12-01&Station|D=5051&Prov=0ON&urlExtension=_e.html|&searchType=st
nProv&optLimit=yearRange&StartYear=18

Covarrubias, A. (2007, October 7). File:North America second level political division 2 and Greenland.svg. Retrieved from https:

DCN-JOC News Services. (2020, February 10). Google signs lease for 18 floors at 65 King East build in Toronto. Retrieved from
https://canada.constructconnect.com/dcn/news/economic/2020/02/google-signs-lease-for-18-floors-at-65-king-east-build-in-toronto

energyhub.org. (2020, 3 22). Solar energy map Canada. Retrieved from energyhub.org: https://energyhub.org/solar-energy-maps-canada

Google earth. (2020, 4 9). Retrieved from
https://earth.google.com/web/@43.66224413,-79.37744197,100.29133503a,1364.04928276d,35y,-0h,0t,0r/data=CkoaSBJCCiUweDg5ZDR}YjkwZDdjNjNiYTU6MHgzMjM1INTU1IMDJhYjRjNDc3Gcly2eicO0VAIc01cReG2FPAKgdUb3JvbnRVGAEEAQ

Helioscope. (2020, 3 1). Helioscope. Retrieved from helioscope.com: https://www.helioscope.com/designer/3051779/field segments

Ryerson University. (2020). Dr. Mark Gorgolewski - (Profile Photo). Retrieved from https://www.ryerson.ca/architectural-science/people/faculty/mark-gorgolewski/

Saleh, M. (2011, 2020 03). Light Farm. Retrieved 18, from https://www.mohsen-saleh.com/2011/10/light-farm.html

50


http://map.toronto.ca/maps/map.jsp?app=TorontoMaps_v2
https://www.toronto.ca/wp-content/uploads/2018/09/8f4b-City_Planning_2016_Census_Profile_2018_25Wards_Ward13.pdf
https://www.solemma.com/ClimateStudio.html
https://commons.wikimedia.org/wiki/File:North_America_second_level_political_division_2_and_Greenland.svg
https://canada.constructconnect.com/dcn/news/economic/2020/02/google-signs-lease-for-18-floors-at-65-king-east-build-in-toronto
https://energyhub.org/solar-energy-maps-canada/
https://www.helioscope.com/designer/3051779/field_segments
https://www.ryerson.ca/architectural-science/people/faculty/mark-gorgolewski/
https://www.mohsen-saleh.com/2011/10/light-farm.html

References

Sun path 3d. (2020, 3 30). Sun path 3d. Retrieved from drajmarsh.bitbucket.io: https://drajmarsh.bitbucket.io/sunpath3d.html

Sustainable Technologies Evaluation Program. (2020). Rainwater Harvesting and Design and Costing Tool. Retrieved from Sustainable Technologies:
https://sustainabletechnologies.ca/home/urban-runoff-green-infrastructure/low-impact-development/rainwater-harvesting/rainwater-harvesting-design-and-costing-tool/

University of Toronto. (2020). Building Energy and Indoor Environment (BEIE) Lab - Jamie Fine (Profile Photo). Retrieved from https://beie.mie.utoronto.ca/members/

Vincent, D. (2020, March 2). 'The smell is very appealing.' Five-storey timber-based building in Liberty Village has been completed. The Toronto Star.

51


https://drajmarsh.bitbucket.io/sunpath3d.html

