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AKA THE “Low TEDI| GUIDE" Res AN

COLUMBIA

Guide to Low Thermal Energy
Demand for Large Buildings

* NET ZERO (READY)
« Passive House

e LOW IS TEDI IS 15 KWH/M2/YEAR
e STteP 4 IN BC ENERGY S1EP CODE

* High-rise Residential

o BC HOUSING

RESEARCH CENTRE

ﬁ BC HOUSING

RESEARCH CENTRE




WHAT IS TEDI?

=
Ventilation (11)—J§
Z
Fan Coil Z
o
Baseboard 2977728

e THERMAL ENERGY DEMAND INTENSITY
* HEATING LOAD PER UNIT AREA

==

B/

L;’:’J’:Wff’ \

. * SIMILAR TO PASSIVE HOUSE METRIC
" Il"l

Reheat

Pre-Heat



WHAT IS TEDI?

e THE AMOUNT OF HEAT NEEDED TO
e OFFSET THE HEAT LOSS THROUGH THE BUILDING ENVELOPE
« CONDITION THE VENTILATION AIR

 TEDI REQUIRES ENERGY SIMULATIONS

 TEDIIS IMPACTED BY
o EXTERIOR SURFACE AREA
* BUILDING ENVELOPE THERMAL TRANSMITTANCE
* AIRTIGHTNESS
* SOLAR RADIATION
o [INTERNAL GAINS
* HEAT RECOVERY
* VENTILATION

e



NET ZERO POLICIES WITH TEDI

Toronto Vancouver British Columbia CaGBC
Zero Emissions Zero Emissions B.C. Energy Zero Carbon
Building Framework Building Plan Step Code Building Standard

EUI “\, 75 (24) \\, 100 (32) -\ 100 (32)

kWh/m?2
(KBTU/sf)
CZ 4 5 6 7 8
TEDI W\ 15 (5) YV 15 (5) RN II — 155 5534 (36 40
kgCO,/m2  GHG -\ 5 Vo0 n/a 0
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Low TEDI

PH Envelope

Good Envelope

Bad Envelope
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HELPS MEET MANY OBJECTIVES

Zone Air Temperature

28

12

-20 < OAT <-5

-
,,,,,,,,

Two Weeks

REDUCE ENERGY CONSUMPTION
REDUCE GREENHOUSE GAS EMISSIONS
INCREASE RESILIENCY

PASSIVE SURVIVABILITY

NOT PRESCRIPTIVE

LESS LEVERS AND TRADE-OFF

LESS SUBJECT TO OPERATION ERROR
MAINTAIN LIVABLE CONDITIONS IN
POWER OUTAGES



WHAT'S IN THE LOW TE
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DIl GUIDE?
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OVERVIEW

THERMAL BRIDGING CALCULATIONS
VENTILATION HEAT RECOVERY

WHOLE BUILDING ENERGY
DESIGN AND CONSTRUCTION

FUTURE HORIZONS



CHAPTER 2. THERMAL TRANSMITTANCE
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INTERNATIO
STA NDA RD NAL
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AWARENESS OF HOW THERMAL TRANSMITTANCE IS CALCULATED
INSIGHT FOR COMPARING DETAILS FROM DIFFERENT SOURCES

ISO STANDARD 10211

ISO STANDARD 14683

BETB GUIDE

PASSIVE HOUSE INSTITUTE STANDARD (PHI)

WINDOW TO WALL INTERFACE DEMANDS THE MOST ATTENTION
WHEN 2D 1S OK AND 3D IS RECOMMENDED

WHAT PARAMETERS CAN BE OVERLOOKED

QUALITY OF THE DETAIL MATTERS THE MOST!



THERMAL TRANSMITTANCE
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NUMERICAL SIMULATIONS OF
SPECIFIC DETAILS

(GENERIC DETAILS FROM A
CATALOGUE

MANUAL CALCULATIONS

DEFAULT VALUES

| Then

mal Pecformance of By
‘ eding Eavelope Detaits for Afig and High Rise Buildin
o £ (L8RP
b —Mag (Lt RE)
war -

Detail 17 Eetior and ngerior

GLAZING TRANSITIONS

Performance Category

Description and Examples

Linear
Transmittance

Blu
hr ft F

W
mK

Efficient

Regular

\ ;

Well aligned glazing without conductive
bypasses

Examples: wall insulation is aligned with
the glazing thermal break. Flashing does
not bypass the thermal break.

0.12

0.2

Misaligned glazing and minor
conductive bypasses

Examples: wall insulation is not continuous
to thermal break and framing bypasses the
thermal insulation at glazing interface.

0.20

0.35

Un-insulated and conductive bypasses
Examples: metal closures connected to
structural framing. Un-insulated concrete
opening (wall insulation ends at edge of
opening).

0.29

05




OVERVIEW OF IMPACTS

Impact en Thermal
Procedure or Parameter Transmittance
Ext Int
o |
2 10211/14483: | 10211/14483:
g Location Specific Location Specific
BETB: 0 BETE: 1 .

e PHI: -10°C PHI: 20°C No impact for steady-
o state calculations when
= using constant material
E‘ properties,
o
c
>
5}
o

Exterior

12011: R-0.23

14683: R-0.23

BETB: R-0.17
- PHI: R-0.23 Less than 2% impoct on
£ clear field U-value and
ic - linear fransmitfances for
z insulated assemblies >

R-5 [RSI-0.88).

e



WINDOW TO WALL INTERFACES

BETE 150

Guide | =0 10077)

(NFRC) | o5 wim'k
34 WK | 4 pecs

0

Glazing Air Films for PHI and BETB

BETBE
Guide
(HFRC)

1

BETE

S Guide

(NFRC)
aomm & Wim'kK
w— 1

BETHB
Guide
{HFRC)
5 W/imk
1

7.5 W/im'K

IS0
(150 10077)

7.7 Wim'K
20°G

IS0
(IS0 10077)
7.7 Wim'K
20°C

IS0
(150 10077)
7.7 Wim'k
20'C

Linear Transmittance (W/m K)

ISO

0.038

0.096

0.088




INTERIOR VERSUS EXTERIOR DIMENSIONS

Length clear field A Length clear field A

» d
« Ll ]

v

A
Length for
clear field
Length for B Zone where clear
clear field field over accounted
B
v v

Linear transmittance calculated
with interior dimensions
Witeror: 0.15 W/mK
(0.087 Btu/hrft°F)

Linear transmittance calculated
with exterior dimensions

Woorors -0.05 W/mK
(-0.029 Btu/hrft°F)

I"".I

Wall to Roof Transition
Werior: 0.171 W/mK
(0.099 Btu/hrft°F)

Woserior: 0.061 W/mK
(0.035 Btu/hrft°F)

Intermediate Floor Slab

Wterior: 0.015 W/mK
(0.008 Btu/hrft°F)

\Pextericr: 001 5 W/mK
(0.008 Btu/hrft°F)



GEOMETRY AND SIMPLIFICATIONS

1524mm
(607)

l FRP bracket location B FRP bracket location
E Aluminum bracket location

Head Section Jamb Section

B FRP bracket location
¥ Aluminum bracket location

Sill Section



WHEN IS 2D OK?@e

Concrete Parapet Outside Corner Intermediate Floor

e = 1300 e = 1300
. T Y _
% ol = 1000 § : ol = 1000 f r;-IJ :
: " ’ 3 ° 1000
= ' J
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CHAPTER 3: HEAT RECOVERY VENTILATORS

e HRV'S CRITICAL TO LOW TEDI BUILDINGS
e FOCUSING ON PROTOCOL DIFFERENCES IS NOT PRODUCTIVE

Heat Recovery

Outdoor Air Core Extract Air
T————— /_ * AVAILABLE DATA OR PROJECT REQUIREMENTS OFTEN FIXED
e A CAPABLE MODELER CAN ACCURATELY MODEL ENERGY IMPACT
A e p N «  MAIN DIFFERENCE IS TREATMENT OF FAN POWER

e UNDERSTAND THE AVAILABLE METRICS AND SOFTWARE
e HVI STANDARD IS THE EASIEST TO USE IN CANADIAN CONTEXT
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CHAPTER 4: WHOLE BUILDING CONTEXT

Design Parameters/Model Inputs Output/Result
rLumate ZONE Shape Wall R-Value VWindow Window Heat Rec Infiltration ” LI'ED'I'\
U-Value SHGC Efficiency Rate
20 e o 1 | 1 1 160-
7a -~ — ) N 0}5" = ,’2;5"‘“*- :

. / 7 T ___,:-_:9;-0_ = PH“\ 140-

Individual Simulations

TEDI IS NOT ALONE — DON'T FORGET EUI
OTHER LOADS BECOME INCREASINGLY IMPORTANT AS TEDI DECREASES
THERE ARE MANY PATHS TO LOW TEDI BUILDINGS
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BUILDINGPATHFINDER.COM

Many Paths, but Common
Characteristics

OPTIMIZE BUILDING SHAPE (VRAF)
LOW WINDOW TO WALL RATIOS
INTERNAL GAINS

OVERHEATING

ORIENTATION AND SOLAR HEAT GAIN
* MINIMIZED THERMAL BRIDGES

* HIGHLY INSULATED WALLS

 HIGH PERFORMANCE GLAZING

e AIRTIGHT ASSEMBLIES

« HRVS

=

Design + Performance
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CLIMATE ZONE 5 EXAMPLES

Climate Zone Shape Wall R-Value Window Window Heat Rec Infiltration TEDI
U-Value SHGC Efficiency Rate
16
20
0.35 0.4
Typical- PH-
o 14
18
17 ety
16 10
5+ Narrow T Code
14 8
13 5
12
4
Complex 1 Air Tig
1o~

Figure 4.10: Example Paths to Low Energy Buildings in Climate Zone 5
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CHAPTER 5: DESIGN AND CONSTRUCTION
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DESIGN PRINCIPLES

0O@®OO

Fire Protection and Combustibility

Environmental Separation

Structural Support

Durability

Constructability



MORE THAN THICKE
AND EXTRA INSULAT

Non-metallic
brackets for
wind load

o

Metallic
brackets for
dead load

D @

Metallic
brackets for
dead load

o

MNon-metallic
brackets for
wind load

I""'.I

R WALLS

O N Design Specification Requirement

Insulation type Fire Protection
Cladding type Structural Support
Glazing type Environmental Separation

Cladding attachment Durability

Window detailing Constructability

Insulation placement

* DEVIATION FROM CONVENTIONAL PRACTICE IS REQUIRED, BUT IT IS
IN EVERYONE'S BEST INTEREST TO MINIMIZE DISRUPTION AND BUILD
ON LOCAL PRACTICE

* SUCCESS WILL COME FROM A HOLISTIC VIEWPOINT TO DESIGN
SPECIFICATIONS AND PROJECT REQUIREMENTS

* MORE EFFORT WILL BE REQUIRED, BY EVERYONE, UNTIL NEW NORMS
ARE ESTABLISHED

* |IMPORTING TECHNOLOGY FROM EUROPE IS NOT NECESSARY



FIRE PROTECTION AND COMBUSTIBILITY

COMBUSTIBLE
WINDOW FRAMES

NON-METALLIC CLADDING
ATTACHMENTS

I"".l

FOAM PLASTIC INSULATION

SIGNIFICANT DIFFERENTIATOR AND
CHALLENGE FOR HIGH-RISE MURBS

*  MANY COMPONENTS RELIED UPON TO REDUCE
THERMAL BRIDGING AND MINIMIZE WALL THICKNESS
HAVE COMBUSTIBLE COMPONENTS



ENVIRONMENTAL SEPARATION AND DURABILITY

Exterior
insulation
Deflection i
Drainage 4§ SAME MINIMUM REQUIREMENTS
‘ Moisture barrier
‘ é
\ v v . . o |LESS ENERGY TRANSFER
” = Air barrier
Drying o LESS FORGIVENESS

Interior vapour
control




STRUCTURAL SUPPORT

(>
:4'
&=

Interior insulated
concrete

Exterior insulated walls

Precast concretfe
panels

SOME EASY AND EFFICIENT DESIGNS ARE
NON-STARTERS

MORE COMPLEX CONNECTIONS, SUCH AS REQUIRED FOR
BALCONIES OR OVERHANGS

MORE ACCOMMODATION IN STRUCTURAL DESIGN FOR
OTHER REQUIREMENTS, SUCH AS

* CLADDING ATTACHMENTS WITH COMBUSTIBLE
COMPONENTS
* THERMAL BREAKS

»  CONTINUITY OF THE THERMAL INSULATION ACROSS THE
STRUCTURE

*  WINDOWS POSITIONED OUTBOARD OF THE STRUCTURE



CONSTRUCTABILITY

Tie wall membrane into
window box membrane

Brackets to
connect plywood
box

Connect wood box to
steel studs at jambs

Window box membrane

CRITICAL TO QUALITY AND COST CONTROL

* FAMILIARITY AND AVAILABILITY

e ENGINEERING AND TESTING FOR JURISDICTION
* SITE-BUILT VERSUS PRE-FABRICATED

* FIELD REVIEW AND TESTING

* SEQUENCING AND EXTERIOR ACCESS

« (CRANE USE



EXPECTATIONS FOR T

BETB V1.1

Low TEDI Guide

Performance
Category

Linear
Transmittance

Bty
hr ft F

W

mK

Linear
Transmittance

Thermal Bridge Free

0.01

0.01

Performance Category Btu W

hrftF m K

Efficient | 0.12 0.2

I""'.I

Efficient

0.06

0.1

Mitigated

0.12

0.2

Moderate

0.17

0.3

ERMAL BRIDGING

Low TEDI IS DIFFICULT WITHOUT HIGH
THERMAL QUALITY DETAILS

*  SMALL DIFFERENCES IN DETAILING CAN BE
SIGNIFICANT

e THE WALL TO WINDOW INTERFACE DEMANDS THE
GREATEST ATTENTION FOR THERMAL TRANSMITTANCE
CALCULATIONS BECAUSE OF THE POTENTIAL
VARIATION IN VALUES AND OVERALL IMPACT
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EXAMPLES

-

=3
=
-
0.45 =
— =
=y * =
& 0.40 =
= % =
% 0.35 : -
: % Z:
O 030 J =
QD
= 0.25 2
&
c 0.20
g
oS
o]
g 0.10
[}
=
= 0.05
Low TEDI Glazing Low TEDI Glazing Efficient Glazing Efficient Glazing
Interface, No Cavity Interface, R-19 Cavity Inferface, No Cavity Interface, R-19 Cavity
Insulation Insulation Insulation Insulation
m 14.5" (365 mm) Thick W all 16.5" (416 mm) Thick W all m 19.5" (492 mm) Thick W all

 EXPECTATIONS FOR INTERFACE DETAILS
* |MPACT OF BALCONIES

* |[MPACT OF GLAZING SIZE



RESOURCES

Building Envelcge Thermal Bridging Guide I I

ng Z74 of 774 datais

A loaia * Mgy

o heakagy 1oy i

Y lagpg TG

o £ I,
Pl

# Asamblies

# Linaar Bridges
< Point Bridges

e Windowwall Spandrel with ne Intericr Stud \Window.mall Spandrel with Interior Speay Foam  Winciow.wall Bypass at Spandrel Section
Construction Cavity Insulation Insulation without Inferlor Spray foam Insulation

* Conerate

# Curtain Wall

0.31-0.37 0.84-1.13

LA e et Destert B

'\_,’\ PakFindar

“ stel Framed
# Insulssed Matal Panel
“ Floar to Celling Glazing
* Concrets Bleck
Location

Thermal.ly

Buildingpathfinder.com

- 2 Step Code Design Guide




THANK Youl
PATRICK ROPPEL, P.ENG.
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STRATEGY 2: HIGH EFFICIENCY HEAT RECOVERY

Ventilation Conftribution to TEDI

(kWh/m?2/year)

_l_l_l_l_ll\_)
O N »A O 00 O

O N M~ O 00

60

m Climate Zone 7a
m Climate Zone 6
m Climate Zone 5

m Climate Zone 4

70 80 90
Heat Recovery Effectiveness (%)



STRATEGY 3: REDUCE HEAT LOSS

Table 4.2: Wall Thermal Transmittance for Conventional Assemblies and Details

S ot e
G e e R Steel Stud Wall 5903m?2 | 0.35 W/m% 2066 36.7%
L L el Balcony Slab at Door 226 m? 4.72 W/m2K 1068 18.9%
Ry Z === g =32 Parapet at Walll 55 m 0.78 W/m K 43 0.8%
: ; = g e e 3 Parapet at Glazing 73 m 0.98 W/m K 72 1.3%
- o = - . Intermediate Floor at Wall 616 m 0.20 W/m K 123 2.2%
e o S ) g =3 Intermediate Floor at Balcony 778 m 1.06 W/m K 825 14.6%
T ; - g : Infermediate Floor at Glazing 1536 m 0.20 W/m K 307 5.5%
T N ﬁ = Window to Wall 5559 m 0.20 W/m K 1112 19.7%
TN — - g - Interior Wall Separation 988 m 0.20 W/mK 20 0.4%
t & :‘; :;“ = Overall Thermal Transmittance (W/m2 K) 0.92
: Q :f; :; j : Effective R-Value (hr-fi2-F/BTU) 6.2
_ LC N N 5 j _ Table 4.3: Wall Thermal Transmittance for Low TEDI Assemblies and Details
T2~ oT
N =
ST ¥ e o Wall with FRP Brackets 6129 m? | 0.142 W/m2K 870 67.4%
' 2 Delta U for Aluminum Brackets | 6129 m2 | 0.041 W/m2K 251 19.5%
e 2 wall fo Roof 1286m | 0.171 W/mK 22 1.7%
N Intermediate Floor 2930 m 0.003 W/m K 10 0.8%
Window to Wall 5559 m 0.024 W/m K 133 10.3%
Interior Wall Separation 9288 m 0.003 W/m K 3 0.3%
Overall Thermal Transmittance (W/m2 K) 0.21
Effective R-Value (hr-ft2-F/BTU) 27.0




STRATEGY 4: IMPROVE AIR TIGHTNESS

50
45 m Passive House
40 m Airfight

=— 35 m Code

4 5 6 /a
Climate Zone

Figure 4.6: Impact of Air Infiltration on TEDI



“NET ZERO READY" HIGH RISE RESIDENTIAL

DHW
28.4%

Fans
10.4%

-
-

/

Window Losses

Other Equipment 6.5%
2.9%
Wall Losses
TEDI: 16 kWh/m?  — e
(5 kBtu/sf)

EUIl: 85 kWh/m? Ventilation Losses

(27 kBtu/sf) 6.6%
Infiltration Losses

Plug Loads 1.2%

20.6% Lighting
19.0%

Figure 4.1: End-use Breakdown for a Low Energy MURB in Climate Zone 6



“NET ZERO READY" HIGH RISE RESIDENTIAL

Window Losses (35.0%) Ventilation Losses (35.5%)
Losses
Wall Losses (23.1%) Infiltration Losses (6.5%)
Heat Recovery Gains
(27.7%) Lighting Gains (13.4%) Solar Gains (22.6%)

B _I
Gains '
|

——-——J

People Gains (7.0%) Equip Gains (17.3%) Heating Output (12.0%)

Figure 4.2: Example Breakdown of Heating Load Components



BALCONIES

Length

Length
, Balcony Balcon
i Cable Connection Interface Imerlacy; -
Penetration Penetration Length Length Quantities
Per Floor Per Building
Balcony Beam Connections 28 812
Cable Connections 20 580

Balcony Interface Length 160 ft (48.8 m) 4640 ft (1414 m)

Clear Held /087 e 0.142 W /meK 1004 56%

Beam
Intermittenfly | Connection e (S = == 0.254 W/m2K
Aftached ' oo (R-22 Effeciive)
Balcony Conneclion 580 0.147 W/K 85 5%
Other
Interfaces i i e Ao
Clear Held /087 me 0.142 W /reK 1004 36%
Cantilevered
Concrete | Balcony 1414 m 0.9 W/mK 1273 | 46% | 0-390 W/mK
(R-15 Effective)
Balcony Other

Interfaces . = 488 18%
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