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388 Skeena - The Heights
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388 Skeena - The Heights

1. Outline of the Project

2. Envelope Detalls

3. Air Tightness Testing

4. Building Systems

5. Field Monitoring and Results

6. Energy Performance

D

BMLCORNERSTONE architecture Ediriovatione

PASSIVEHOUSE
CANADA



Make Building Envelopes
Great Again

PASSIVEHOUSE
CANADA



388 Skeena - The Heights

1. Outline of the Project

2. Envelope Detalls

3. Air Tightness Testing

4. Building Systems

5. Field Monitoring and Results

6. Energy Performance

BYCORNERSTONE architecture FPInnovations@ CP:I/\\?VS/I\\SE\HOUSE



388 Skeena - The Heights

T
S - e re—
SN VL w

BYCORNERSTONE architecture FPInnovations@ EII\\?“S/I\%E\HOUSE




388 Skeena - The Heights

Basic Envelope Specifications

« Walls: U 0.104 (~ R35)
* Roof: U 0.075 (~ R45)
* Floor: UO0.171 (~ R25)
« Windows: Ug 0.70 W/(m2 K) (~ R8)

 Thermal Bridge Free Detailing
* Fresh Air with high efficiency Heat Recovery (85%)
« Air Tightness .6 Ach/hr @50 Pa
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388 Skeena - The Heights Design PH Model
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388 Skeena - The Heights

Typical Section
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388 Skeena - The Heights

Annual Heating Energy Balance

30

Non-Useful Gains

External Wall .

Roof/Ceiling

20 1
Floor Slab

15

Windows

10

Thermal Bridges

Ventilation 5 1

1.9

4.4

Losses

6.9

Gains

Solar Gains

"~ |(windows gain

on the south)

Internal Heat Gains

(About 50% of the total
required heating energy)

Heating Demand
(supplied by heating
system)
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388 Skeena - The Heights

1. Outline of the Project

2. Envelope Details

3. Air Tightness Testing

4. Building Systems

5. Field Monitoring and Results

6. Energy Performance
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388 Skeena - The Heights

Construction Options
« Walls
o Exterior insulated with rigid foam
- Exterior insulated with Roxul and girts
- Interiorinsulated
« Concrete Floors
- Insulate above
- Insulate below and deal with thermal bridging

- combination
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388 Skeena - The Heights

Wall Options

EPS Exterior Insulated Roxul Exterior Insulated Interior Insulated
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388 Skeena - The Heights

Wall Options: EPS Exterior Insulated

« Advantages

- Interior trades progress in a typical manner
- Cost effective

« Disadvantages

o Fire spread

- Long screw paths to the wood studs

- Difficultto hang heavier claddings

- Some concerns over drying potential for wood

- Where is the moisture barrier?

On surface of the sheathing / On exterior side of

the insulation?
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388 Skeena - The Heights

Wall Options: Roxul Exterior Insulated

« Advantages

- Best Building Science for drying = R
« Disadvantages

- Cost

- Installation in wet weather

- Not common knowledge for wood frame trades r5 HHHI -
1l

- Window details more complex W

- Difficult to install sunshades and handrails
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388 Skeena - The Heights

Wall Options: Interior Insulated

« Advantages

- Most of the air sealing is one trade working in dry

11 7/8"

conditions

- Fairly conventionally framed

- Conventional siding installation i

- Better for the wall on the property line

« Disadvantages %

T

- Interior wall awaits install of exterior moisture

barrier for drying J%I
=L
- Wiring will commence before the exterior wall is |
it S
ready &,
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388 Skeena - The Heights

Wall System Mock-ups
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388 Skeena - The Heights

Wall System Mock-ups

Insulatingon top
of the cold
concrete floors is
very useful to
deal with thermal
bridging.

We used plywood
over the top but
concrete can be
used as we did in
the commercial
areas.
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Framing— stage 1
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Air Barrier — stage 1
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Framing— stage 2
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Air Barrier — stage 2
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Framing — stage 3
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388 Skeena - The Heights

Framing— stage 4
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388 Skeena - The Heights

Window Installation
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Insulation— stage 1
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388 Skeena - The Heights

Air Barrier — stage 3
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388 Skeena - The Heights

Framing — final
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388 Skeena - The Heights

Insulation — final
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388 Skeena - The Heights

WUFI analysis showed the walls will remain dry over time

& Prywood high

Wites Comtons 0 %1

W ater Content:

Time:
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388 Skeena - The Heights

Exterior showing air barrier material wrapping the outside of the floors
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388 Skeena - The Heights

Exterior Wall

Polymer faced
Taped EPS used
as the Air
Barrier.

The product has
been tested
with portions of
the polymer
removed and it
still performs as
an air barrier.
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388 Skeena - The Heights

Installation Details — Taping the Air Barrier
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388 Skeena - The Heights

Commercial
Floor over
Parkade

Thermal
Bridge
Insulation
Extension
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388 Skeena - The Heights

Windows

Euroline ThermoPlus was the only locally made Passive House
certified window

!
>

=  Window U-values below 0.8 W/(m2 K)
(<0.141BTUIft2.F or >R 7.1)

» Multi-point locking for air seal

= Consideration of orientation and shading
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388 Skeena - The Heights

Window Installation

» Best thermal performance about the middle of the wall
= This project installs window at the outside face to align with the
moisture barrier and takes an energy use penalty

Outboard Position:
= Qutboard works well with outboard
moisture barrier
= Conventional for Trades
Detalls:
= Tie-ins to moisture layer
= Tie-ins to air barrier
= Qver insulation to reduce frame
losses is typical in cold climates
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388 Skeena - The Heights

WINDOW junction

=1 * The Therm

— model shows a
large offset in
) | the
temperature

{ contours.

- * |tis better
thermal practice
to minimize the
offset

"
RIE/:E
—

—
" ==

- * Thermal
bridging

k performa nce

: inputto PHPP —
Wvalue as part
of every
window

THERM Colour Flux Magnitude THERM Colour Infrared Junction Detail
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388 Skeena - The Heights

Windows
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Thermal Bridges

= —
Roof Deck W
} H miE ' H N
ResideaniaI = R‘Ti(ﬁen“a' f
' 1 = 1 T
F{esiderHltiaI = Rﬂsiﬂential f
r = 7 1 T
Residerﬁtial = Rcﬁsi(ﬁential j
— e - = - Le end
T = T 7 T R
Residential = Elevator Residential = Stair D Insulation Layer
| _—— LI = AirBarrier/
T = 1 L__  Thermal Envelope
Residential Residential " .
= L Thermal Bridges
Commercial — Commercial | = J
I ¢ ) R
} i Ram
S \ P
—
,,,,, Parkade
J ¢ ‘T
=4 1 ! I =
~— \~—

I PASSIVEHOUSE

- .
CORNERSTONE architecture FPInnovations CANADA




388 Skeena - The Heights

Thermal Bridges- Concrete Slabs

Concrete thermal break options:

* Concrete to Concrete thermal break
connectors

* Concrete to Steel (eg. canopies) thermal
break connectors

* Extended insulationinstallationup or
down columns and shear walls
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Thermal

Bridges

At
Canopy
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388 Skeena - The Heights

Thermal Bridge Details

* Plan view of the Party Wall at the Exterior Wall
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388 Skeena - The Heights

FLOOR I|ne junction
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388 Skeena - The Heights

SLAB edge junction
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388 Skeena - The Heights

Thermal Bridge Details

= Edge of Cold Concrete
Slab at Window L

roP OF
iTRUCT. ——
SLAB

D

. .
CORNERSTONE architecture FPInnovations

PASSIVEHOUSE
CANADA



388 Skeena - The Heights

Thermal Bridge Details

TOP OF
CURB

* Cold Ground Floor at Planter

‘—-9‘—.9—;.-—42-1‘ R S Sy o P =)

TOP OF
STRUCT.
SLAB

D

BMYCORNERSTONE architecture Bl rsvations

PASSIVEHOUSE
CANADA



388 Skeena - The Heights

Thermal Bridge Details

y
|

NnES
%

g

Uy

!

* |socorp at Exterior Property Line ) :
Wall |

S 5 5 SR SR
: a . can ° . Q. < Lo
. 2. . > -B> . DN
o P Qs Q. 7.4 R I T
T 3 e e g o Bt )\
R B NI
a @, oA an c Qe a - 4
RN & [l ST S
. el e T I N 1
e E LV TR ek e
o & Saf e el Rag il TP
e 5 dy e T b < l TSR rab ||
% g e s ERAT TR
> N B - B - A ¢
3 2 R TR -4
AR L o S <D
| el — | Sl . SIS B
— — — — —2 ap t« > a
— —— —— —— —— —— —— —— —— —— [ =
— — —] ] — — —— —— —— —f. <« "+ <9 - B R
—_—————— — —— —— . 5 > s
I S N [ S [ R [ R +q R
- SIS SR | B
B e |14
a sga gl
PR
> b 1
ERN B <
B S N R
B P i
B RS
g 65 TG, o
D B s
& q e T
B S D - T
A A SR DN s, N

PASSIVEHOUSE
CANADA

[ | .
CORNERSTONE architecture FPInnovationsr(\)



388 Skeena - The Heights

Thermal Bridge Details

* Insulation extending 4’
into the warm space at
shear walls to reduce
the thermal bridge
effects
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388 Skeena - The Heights

Thermal Bridge Details

* Transition to Balcony over i
Warm Space
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388 Skeena - The Heights

Thermal Bridge Details

* Sunshade Detail
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Sunshades
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388 Skeena - The Heights

Thermal Bridge Details

Wood Thermal Breaks at Slots in Elevator Lobby Formwork Thermal

Steel supporting Brick Floor Bridge
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388 Skeena - The Heights

1. Outline of the Project

2. Envelope Detalls

3. Air Tightness Testing

4. Building Systems

5. Field Monitoring and Results

6. Energy Performance
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388 Skeena - The Heights

Air Tightness Test:

» Depressurization test @ 50 Pa
* Pressurization Test @ 50 Pa
* Resultis the average

« Windows, doors and hardware causing leaks

0.29 Ach/hr
Q50 =[0.63
m3/(h/m2)]
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388 Skeena - The Heights

Elevator

* Low Standby Power Consumption
e Efficient Motors
* Regenerative Braking
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388 Skeena - The Heights

Elevator

Elevatorshaft
insulatedinside with
Rockwool at the
parkade.

All components
thermally isolated
with 4” blocks of
wood

- .
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388 Skeena - The Heights

Ventilation

« Heat Recovery ventilation is essential with efficiencies in the order of 80-90%

section

« We looked at 4 ideas

exhaust<L;:uu\ N " air intake
« Central system gof
« Distributed system by unit
« Distributed system by room @ﬁg — Sipay
« Semi-central system .
Ie!vel 6

Semi Central Ventilation System
« Zehnder ComfoAir 550

<¢==un exhaust air
=P supply air

* 90% heat recovery

level 5

 Located off the common corridor to facilitate :
<¢==u exhaust air
ne=sP supply air

PASSIVEHOUSE
CANADA
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388 Skeena - The Heights
HRYV Strategy — Level 6 Plan Logon
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388 Skeena - The Heights
HRV Strategy

HRYV Closet
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388 Skeena - The Heights

Suite Air Distribution

Silencer
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388 Skeena - The Heights

Hot Water Strategy
« 95% Efficiency Gas Fired Hot Water Generation

« Minimized Hot water Recirculation lengths

 Well insulated and detailed hot water circulation
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388 Skeena - The Heights
Hot Water Strategy

Plumbing Vents can
cause significant
losses though
convection.

The best solutionis to
install air admittance
valves.

In the Heights we
ended up insulatingall
the vent stacks as the
we were not aware of : at
the need until part R ¢ S e
. 4 B e . ‘3??*
way through o O
construction. Insulated Hot Water Header  Insulated Plumbing Vents

N PASSIVEHOUSE
CANADA
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388 Skeena - The Heights

New Hot Water Strategy

Sanden CO2 Based Heat Pumps

—

o %4

©

-—

£ 33

»

=

s $9$

© $2

=

O .

S 4

=

~ $1
=
>

D s —
b Electric Water Heater ~ Conventional HP SANmf:,
L (Indoor installation) Water Heater =

(Garage installation)  (Outdoor installation)

Energy Bill Comparison
with traditional water heaters

SANEHE

Up to 50 feet between

tank (indoors) and
heat pump (outdoors)
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388 Skeena - The Heights

Appliances

Dryers are heat pump type and not vented to the
exterior.

Range hoods are recirculating type with a low Sone
Rating and charcoal filters.

D
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1. Outline of the Project

2. Envelope Detalls

3. Air Tightness Testing

4. Building Systems

5. Field Monitoring and Results

6. Energy Performance
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388 Skeena - The Heights

Objectives, Major Monitoring Iltems

* To provide in-situ performance data on
* Environment (T, RH, CO,) in 7 suites (S, N, W)

* Durability performance of exterior walls (S, N, W) and
roof (1 roof, 1 roof deck)

 Vertical movement of exterior/interior walls below a
roof/roof deck

* Measurements aimed to show general trends

D
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388 Skeena - The Heights
Instrumentation: Indoors and Envelope

Location in building Sensors installed

RH/T at plywood, foam sheathing, and

South-facing wall and indoors, on floors 2, 4, and 6 | indoors

North-facing wall and indoors, on floors 2, 4, and 6 | Moisture sensor in plywood sheathing, stud

West-facing wall and indoors, on floor 4

Indoor CO,
Roof deck, on floor 4 RH/T at roof/wall sheathing
Roof, on floor 6 Moisture sensor in roof/wall sheathing
2" FACED EPS INSULATION e CEMENT BASED CLADDING
RH/T SENSOR M ek WATER RESISTIVE
MOISTURESENSOR @ 7oz 2 ; MEMBRANE
CO2 SENSOR A ﬁ ///
DATA LOGGER % : :"' L Q T PLYWOOD SHEATHING
2X4 WALL WITH INSULATION e L e i X6 WALL WITH INSULATION

g et

e D D DD D e

PR

AR e

ROy e

Do

L

B a R T s Lot
o
dnaany

W B

FINISHED DRYWALL — !
R

_ @ PASSIVEHOUSE
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388 Skeena - The Heights
Instrumentation: Vertical Movement

Roof deck
Level 6 /

Level 5 Adisplacement
J/ sensor/floor
Level 4
L | 3 T o e !
eve esssp N | CEMENT BASED CLADDING
iy v 2] :
#—— WATER RESISTIVE
PEC IS i MEMBRANE
&
1
e
s
| u%«:*:;{{@: T i PLYWOOD SHEATHING
-;K\\:i:i :
2X4 WALL WITH INSULATION _IL o e — 2 X6 WALL WITH INSULATION

+— DISPLACEMENT SENSOR
(VERTICAL MOVEMENT)

FINISHED DRYWALL % [
R R
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388 Skeena - The Heights
Indoor Temperature

 Winter: overall 20-25°C

* South-facing and west-facing suites showed higher
indoor T

* Often exceeded 28°C in south-facing suitesin Feb. and
Mar.

 Summer: slightly higher, sometimes exceeded 30°C

35

30

25

Temperature (°C)
o

30/01|20 2018 20/07/2018 27/09/2018 26/11/2p18 25/01

------ S4T ------N4T W4T Exterior T
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388 Skeena - The Heights

Indoor Temperature

* Overheating criterion

e Passive House: no more than 10% of hours should

exceed 25°Cin a given year

35
——9
— N2
) | —_ Exterior T
25 Infoe ”\(wilk
, \\\f\"\]\/\f\’\[ f“ VAT 2
a P 3
s o
8 8
g 15 g
: =

01/06/2018  11/06/2018  21/06/2018  01/07/2018  11/07/2018  21/07/2018  31/07/2018

Time (Day)

01/06/2018

11/06/2018  21/06/2018  01/07/2018  11/07/2018  21/07/2018  31/07/2018

Time (Day)
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388 Skeena - The Heights
Indoor Temperature

* Six out of seven suites showed overheating
* Based on measurementsfrom Feb 2018-Jan 2019

Percentage of hourly T > 25°C (%)

35
8
38
22
42
15
29
0.77
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388 Skeena - The Heights
Indoor Humidity

* Winter: 25-45%; summer: 35-55%
* RH tended to be slightly higher in north-facing suites
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388 Skeena - The Heights
Indoor CO,

* Measurements in living rooms of 7 suites

* Majority of hourly CO, below 1000 ppm
A commonly acceptable level
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388 Skeena - The Heights
Envelope Performance: RH at Sheathing

* North walls showed lower T and higher RH at
exterior sheathing

* RH below 80% throughout the year
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388 Skeena - The Heights
Envelope Performance: MC of Sheathing

* MC of wall plywood sheathing below 16% in second
winter
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388 Skeena - The Heights
Envelope Performance: MC of Sheathing
* MC of roof plywood lower by 2-4%
* With thick rigid insulation installed above
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388 Skeena - The Heights
Vertical Movement
* Shortening/floor: 1-8 mm after 1 year in service
* Lower floors settle more than higher floors
* Interior walls tend to settle more
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388 Skeena - The Heights
Conclusions/Implications for Future Design

* Overheating appeared to be a large issue; effective
measures required

* Indoor CO, mostly acceptable, indicating good ventilation

 Measured MC and RH suggested exterior wall should have
reasonably durable performance in service

* Comparing wall vs. roof indicated exterior insulation
provided a good environmental separation

* Differential vertical movement existed between
exterior/interior walls, in line with previous field results
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388 Skeena - The Heights

1. Outline of the Project

2. Envelope Detalls

3. Air Tightness Testing

4. Building Systems

5. Field Monitoring and Results

6. Energy Performance
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388 Skeena - The Heights
Heating Energy

Heating Energy

16

Heating Energy at 15.00
the Heights 1
appears to be near

that predicted by 12
the PHPP and well
below the 15kWhr
established by the
Passive House
Standard. 6

10

kWhr/m2
0]

Average Canadian
Buildings can be 2
150 kWhr/m2

ACTUAL PHPP ALLOWABLE
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388 Skeena - The Heights

Suite Electricity Consumption

Total Suite Energy (net calculation):

. 250,000
The Electrical Plug 229,053

Loads in each suite are
significantly higher
than the loads

200,000

predicted by the 150,000
Passive House S
Planning Package. 100,000 99,270

These loads end up as
heat inside the
building envelope

50,000

ACTUAL PHPP
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388 Skeena - The Heights
Energy Use Typical Suite Distribution (not the Heights)

Energy Use

160.0

Energy Use in by
individuals can 140.0 135.6
vary a great deal.

120.0

All the energy ends 100.0 934
up as heatin the
building

80.0 -

kWhr/m2

60.0 -

PHPP models

29 kWhr/mZ PHPP 29 kw:r(;'riz-
as the default 200
value for The
Heights
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388 Skeena - The Heights

Hot Water Energy

250,000

200,000

Hot water energy is
significantly higher
than predicted by
PHPP.

150,000

kWhr

100,000
Some of this extra

energy will remainin

the building 50,000
contributing to

overheating.

Annual Gas Consumption:

224,474

137,793

ACTUAL PHPP
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388 Skeena - The Heights
Electrical Energy Use in The Heights

Monthly Electrical Energy

140.0

120.0

100.0 -

80.0
60.0 -
40.0
20.0

0.0
1-Apr  1- May 1-Jun 1-Jul 1- Aug 1- Sep 1-Oct 1-Nov 1-Dec 1-Jan 1-Feb 1-Mar
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388 Skeena - The Heights
Energy Use in The Heights

Heating The Heights Building Energy Use
(estimate)

4%

(]
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388 Skeena - The Heights

Energy Distribution if Hot Water Generation is converted to Sanden Heat

Pumps i
P Heating  The Heights Building Energy Use
(estimate)

BYCORNERSTONE architecture FPInnovations@ (P:I/\\?\JSII\\SE\HOUSE



388 Skeena - The Heights

Hot Water Energy

The efficiency of a Heat
pump for hot water
drastically reduces
Greenhouse Gas
Emissionsin a clean
electrical grid orin
preparation for renewable
energy

kWhr/year

250,000

200,000 -

150,000 -

100,000 -

50,000 -

Annual Hot Water Energy Consumption:

224,474

GAS HOT WATER

63,647

HEAT PUMP HOT WATER
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388 Skeena - The Heights
Hot Water Energy

Monthly Hot Water Energy Cost

$9,000

$8,128

$8,000

$7,000

$6,223

$6,000 -

At the current price of  ss.000 -
gas even generating
hot water with
electricity using a heat
pump with a COP of $2,000 -
3.35 still costs more to
operate.

$4,000 -

$3,000 -

$1,000 -

$O -

Sandens
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388 Skeena - The Heights

Comparison of Actual Performance to the Step Code

Step Code 4 TEUI

140

117

120

TEUI 100 kwhr/m2

100

If the hot water delivery 8 5
was converted from Gas =

to Heat Pumps,evenat 2 &
the increased water use
measured the building 40
would perform within
the energy targets of the
Step Code

20

GAS HOT WATER HEAT PUMP HOT WATER
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388 Skeena - The Heights

Understand Thermal Comfort

Temperature sensors were providedin
buildingto monitor thermal comfort
conditions

* Sensors were located at lower upper and penthouse
levels along each major orientation

Instances of overheating (interior
temperatures over 25C) were recorded in all
the spaces

- North averaged +/-59% of July over 25C
-North-East averaged +/-54% of July over 25C
-South averaged +/-89% of July over 25C
-West averaged +/-97% of July over 25C

All Suites Temperatureand
Humidity- May
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May 0Z, 2018

Apr 30, 2018

May 0Z, 2018
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388 Skeena - The Heights

Understand Thermal Comfort
North-East Facing Lower Suite
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388 Skeena - The Heights

Understand HRV Status
Replaced®nPAugust@32018H ConditionSeptemberf 222018
90-120aysk 40laysk

Accumulationl? \ FairfConditionkl
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388 Skeena - The Heights
Planning for Thermal Comfort

* How is the buildingbeing used?
 Areoperable windows being
maximized?
* Arethere more internal heat
gainsthan anticipated?
 What additionalinformation
could we be missing to help paint |
a clearer picture?
* Arethe systems performing as

designed?
* Is the solar shading working as
planned

* Arethe HRVs using their
nighttime bypass mode properly?

* Couldboost mode be utilized to
move more air into the space
when advantageous?
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388 Skeena - The Heights
Acting for Thermal Comfort

 What lessons are we taking away from
the experience?
* How importantis the need for
mechanical cooling?
* Modellingfor thermal comfort
outside of PHPP
e Considering PHPP Climate
models and the climate change
models
 What sort of hand-off are we
providingto tenantsto better
inform their behavior?
 How can we adapt the current system or 1950 1975 2000 52:55 20 a5 2100
design for adaptabilityin future projects?
* HRVs being fit with a small cooling
coil?

Average Temperature Anomalies in BC
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388 Skeena - The Heights

Planning Whole Building Energy Consumption

* DHW isthe only use of naturalgas in the
building, therefor all additional energy
consumptioncan be tied to it

 Assuming heat loss as the constant DHW
consumption was calculated

e Estima ted DHW consum pti on 388 Sheena Nat Gas T am of Occupants s
50.07 L/pe rson/d ay Actual Energy Use Modeled Energy Use
. Time Period Hot Water Enerzy Use PHPP
 PHPP modeled consumptionwas Gt M | O Gy Wy Wiy Wiy
N4 O6Mr 2 B8 1B SkS 195807
25 I-/ perso n/ d ay OGMar  OvAr 30 T4 30 Rl 306
H H H OArr Mgy 29 683 23% 6542 238789 | individual pipe loss 126 5%
* O ccu p an t D H W consum ptl onis I I ke I y th € 0iMay  Odn 3L 625 2016 5600 W43 | recroultionloss 38,110 29%
source Of t h ea d d itiona | gasconsum ptl on Obon  04W 30 B6 D SBY 24 t::kloss ;g{a} E?;A
G D ! 131,404 100w
Actual Energy Use Wodeled Energy Use
trim) | 32 Jite/m2 [ u3
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388 Skeena - The Heights

Overheating Strategies

Exterior Shading is the
most effective method
of controlling
overheating
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cooling energy demand [kWh/a] without mand witho blinds or shutters
O cooling installation becomes superfluous because of blinds or shutters
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388 Skeena - The Heights

Overheating Strategies

Horizontal Louvres — Appropriately sized
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388 Skeena - The Heights

Overheating Strategies

External
Automatic
Deploying
blinds
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388 Skeena - The Heights

Overheating Strategies e gtot=0.11

MicroLouvre™

Outside

1SO 52022/1 Class D - Solar control double glazing with MicroLouvre™

M long wave radiation
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