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Disclaimer

This material is intended to be used for reference,
continuing education, and training purposes only.
Neither RDH Building Science, Inc., nor the
persons presenting the material, make any
representation or warranty of any kind, express or
implied, with regard to whether the material is
appropriate for, or applies to, any specific project,
circumstance or condition. Applicable and current
laws, codes, regulations, standards and policies,
as well as project and site-specific conditions,
procedures and circumstances must always be
considered when applying the information,
details, techniques, practices and procedures
described in this material.
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LEARNING OBJECTIVES

Participants will be able to...

Recognize the current limitations of the traditional approach to selecting building
systems for a project

Align project milestones to best support the integrated approach and to benchmark
performance iteratively

Pinpoint key design considerations that have a direct impact on the
energy performance of the mechanical systems and the building enclosure systems

Understand why multiple variables and combinations must be considered when
optimizing design to meet project and sustainability goals on budget

This presentation has been approved by AIA for 1 LUI[HSW and AIBC for 1.0 Core LU

RDH
3
INTRODUCTIONS
I
Catherine Lemieux, P.Eng. Goran Ostojic, P.Eng.
Principal Senior Building Science Specialist
Building Science Specialist
RDH
4
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WHAT IS BUILDING SCIENCE?

Actually, it’s a bit hard to say...

Building science is the cross-disciplinary collection of

knowledge and experience required to understand

and predict many aspects of the behaviour

(performance) of buildings and their systems,

specifically including durability, comfort, energy,

environmental separation, indoor air quality, Mechanical
acoustics, lighting, economics, and constructability.

Dr. John Straube
RDH Building Science Inc.
University of Waterloo

ROH

Energy

Building

. Enclosure
Science

Sustainability

2. Context

(c) RDH Building Science except as noted

Source: Empty Quarter



Early Stage Building Science April 22, 2021

THE PLANET WE
THINK WE LIVE ON
NO LONGER
EXISTS

Two major Antarctic glaciers are tearing
loose from their restraints, scienlisls say

Thwaites glaciers already contribute 5 percent of sea-level rise.

Pine Island and Th

9
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"TRENDS

Climate Change Impact on Future Energy Demand:
6-Storey Apartment Building in Pacific Northwest
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BUILDING TRENDS (?)
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Source: NRCan, Survey of Commercial & Institutional Energy Use (SCIEU) - Buildings (2014)

12

(c) RDH Building Science except as noted 6



Early Stage Building Science April 22, 2021

BUILDING TRENDS (?)

Buildings consume lots of energy:
~ 30% in Canada
~40% in US

Buildings emit lots of GHGs:
~ 25% in Canada
~40% in US
|;’|l

L a [

Remember...
> 80% of buildings in 2030 are already built
... Think Energy Retrofits!

< i
v gm0 48 |8

ROH

Source: US Energy Information Administration, Monthly energy review-Sept. 2019
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MOVE TO ABSOLUTE PERFORMANCE METRICS

Greenhouse Gas Emissions Intensity (GHGI)

to incentivize low-carbon buildings and help meet GHG
Connect to low targets

carbon energy

Total Energy Use Intensity (TEUI)

Improve efficiency of to reduce overall building consumption and alleviate
mechanical systems pressure on the grid

Thermal Energy Demand Intensity (TEDI)

Reduce energy loads to encourage higher quality building envelopes
through passive design and improve building resilience to climate
change impacts

ROH

Source: Toronto Zero Emissions Buildings Framework (2017)

14
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CHANGES HAPPENING 4 \

NATION WIDE PHIUS

ENERGY
S\ STEPCODE ,
NNNNNNNNNNNNNNNNNNNNNNN

2017

The City of Teronto

2032

NET ZERO
READY

The City of Toronto is one of the fastest

growing cities in North America, and faces

the challenge of providing for a growing

population while reducing its carbon 'BUILDING BETTER BUILDINGS
‘emissions. The Zero Emissions Building

Framework provides an integrated

approach to addressing some of the City of

NEW CONSTRUCTION

Toronto's key priorities.
40% MORE EFFICIENT

20% MoRE EFFICIENT

10% morE EFFICIENT

ENHANCED COMPLIANCE IMPROVED
ERS REFERENCE HOUSE

ENERGY EFFICIENCY

15

3. New Design
Approaches

Passive House Institute US

ZERO EMISSIONS BUILDING FRAMEWORK

PATHWAY TO ZERD ENISSIONS

Source: Cornerstone Architecture

(c) RDH Building Science except as noted
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RESIDENTIAL, COMMERCIAL & INSTITUTIONAL

Bolueta Towers, Raiffeisen-Holding Gp i
ilbao, Spain ’ i Vienna, Austria

P o

The House, Cornell Tech™ = B 1 Joyce Centre for-Partnership

e AN ‘ PH Residence, NY e & Innovation, Mohawk College
H il (Handel Architects) = Hamton, Ontario
RDH ... it's been done before!
17

BETTER PERFORMANCE MEANS NEW CHALLENGES

New approach to delivering 1. Design Process
buildings
« Planning ,
2. Milestones to
- Soft skills Match the Metrics

« Knowledge
3. Early-Stage
« True integration Key Decisions

4. Optimize

Decisions

ROH

18
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1. DESIGN PROCESS - “BUSINESS AS USUAL”

 Top-down approach Client

+ Design building first,
check what performance
is achieved second Architect

Structural Mechanical Electrical

Energy

Modelling Site Team

l \

ROH

19

1. DESIGN PROCESS - “BUSINESS AS USUAL”

* Mechanical does energy model Client

< HVAC systems selected for cost, common

- Pick WWR, R-value assumptions from the model

- Push to Enclosure, who finds Architect

assumptions are wrong

This is backwards... Structural Mechanical Electrical

The costliest & hardest to
replace system on a building

Energy
is the enclosure! Modelling

ROH

Enclosure Site Team

-

20
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1. DESIGN PROCESS - HIGH PERFORMANCE BUILDINGS

« Circular approach
« Set performance Site
first, design building Architect Team
to meet target second ,
|

New Characteristics

« Quality Assurance l\/llf)rzjeerlglgi%g Sustainability

« Communication \
.

\
« Open-book
Enclosure Mechanical

ROH

21

1. DESIGN PROCESS - HIGH PERFORMANCE BUILDINGS

Establish:
Owner’s Project Requirements (OPR)

Budget

Performance & Sustainability Targets

Architect’s Vision SEITEy Sustainability
Modelling

Analyze: )
N\ J
Enclosure options for Cost, R-value, Carbon :
Enclosure Mechanical
Input into Energy Model —
Optimize:

Project-specific design for Enclosure + HVAC + Electrical

ROH

22
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| Opportunity for

Influence

\

2. FRONT-LOADED DESIGN PROCESS

Cost of

Changes

Most cost-effective
approach to delivering
buildings =
make the right decisions
early

(Especially) applies to
high performance
buildings

Concept Preliminary Design Contract Construction
Design Development Documents
RDH
23
PRE- SCHEMATIC DESIGN CONTRACT PRE-
DESIGN DESIGN DEVELOPMENT DOCS CONSTRUCTION ~ CONSTRUCTION ~ OCCUPANCY
Owner's Project  Integrated 1st Drawthe  Complete the Construction Site visits Feedback
Requirements Design details that design & kick-off & testing loop
Charette matter most  QA/QC checks
Hire experienced
builder & All hands Thermal models  Clash detection ~ Construction Enclosure Final as-built
consultants on deck of key junctions mock-ups reviews package
Set milestones Review Mechanical
that match Identify each Identify specification for - Comprehensive reviews Debrief on
project metrics discipline’s windows & inconsistencies  QA/QC plans Ventilation lessons learned
strateg ventilation commissioning
systems
Meet to discuss Alir barrier
Review in 2nd energy VE process  Pplan milestones testing
context of model includes ahead Final blower
energy model key details door tests
(+ buffer) R
RDH
24
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3. EARLY-STAGE
BUILDING SCIENCE
KEY DECISIONS

Key decisions that are made early may
not be traditionally thought of as
‘building science’, yet they are tied
together and directly impact
performance (and risk!)

ROH

25

April 22, 2021

B

UBCO Skeena R

3. EARLY-STAGE
BUILDING SCIENCE
KEY DECISIONS

OPR & Sustainability Targets
Current and Future Climate
Site and Form

Construction Methods
Enclosure Composition
Mechanical Systems

TmoO® >

ROH

26
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3A. OPR & SUSTAINABILITY TARGETS

Energy, ventilation, carbon, comfort, views, occupancy, etc.

Minimum Code Req’ts vs. Owner Set Goals

2022 > 20% Better 2027 > 40% Better 2032 > 80% Better

> R-10 walls « >R-10 walls > R-20 walls

- Double glazing » Triple glazing « PH windows

« 40% WWR * 40% WWR « 40% WWR

« 75% efficient heat « 80% efficient heat « 85% efficient heat recovery

recovery recovery « Significant reductions in
* Improved airtightness electrical loads

« Shift to heat pumps for + Removal or thermal breaking
portion of loads of balconies

RDOH

Source: BC Energy Step Code for Part 3 Buildings

27

ROH

3A. OPR & SUSTAINABILITY TARGETS

Source: ASHRAE.org

Renovation of 65,000 sq ft ASHRAE HQ
building in Peachtree Corners, Georgia

— =
The Draft Owner's Project Requirements (OPR) is a document that establishes ASHRAE’s goals
for the New ASHRAE Headquarters ahead of the selection of the Design and Construction
Management Teams. It is a tool that will be used to help evaluate the selection of the teams to
provide these services and their ability to meet the goals defined herein. The OPR is considered
a “living” document during the design phase of the project, and as such is subject to change as
the design progresses, although every effort possible has been put into the completion of this
document in order to minimize future changes. By establishing the goals of the New ASHRAE
Headquarters in a single document, the OPR becomes a record by which ASHRAE, and other
parties involved in the project, can judge the degree of success in meeting the owner’s defined
objectives and criteria. In part, the success of the project will be tracked by the minimization of
the need to change core tenets of this document.

28
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3B. CURRENT AND FUTURE CLIMATE

Current and future climate... think 2050 & need for resilience

Thermal Resilience Back-Up Generation Flood Mitigation

RDOH

29

3C. SITE AND FORM

Site, Form, Massing, Solar shading, Orientation = All Considered for Energy, Comfort, Glare

E.g., Community Housing Initial Massing Study

Concept 2 Concept 3

A
v

FF=1.36 FF=1.48 FF=1.61

RDH -8% Heat Loss Baseline +9% Heat Loss

30
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3D. CONSTRUCTION METHODS

1568 Alberni by Kengo Kuma 400 West Georgia by 0SO Brock Commons by Acton Ostry Architects
RJI" & Merrick Architecture & Merrick Architecture ©Naturally Wood

31

3E. ENCLOSURE COMPOSITION
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3F. MECHANICAL SYSTEMS

HRV Energy

Semi Individual

Central

Central

=

| § IE

H/C

Electric
Baseboard

Gas

B

ROH

Spiit System with Split System with Split System with
System Air Source VRF | ASHP with Boler top-up Electric Reheat System | Air Source VRF | ASHP with Boler top-up Electric Reheat System | Air Source VRF | ASHP with Boller top-up Electric Reheat
All equipment on | ASHP on the roof with boiler | Each Townhome All equipment on | ASHP on the roof with boller | Each Townhome ‘Allequipment on | ASHP on the roof with boller | Each Townhome
the roof with a fan | operating below 0°C with Fan | has a Split System the roof with a fan | operating below 0°C with Fan | has a Spit System the roof with a fan | operating below 0°C with Fan | has a Spit System
Criteria col unit in a closet Coll unit in a closet with Electric Reheat Criteria coil unit in a closet Col unitin a closet with Electric Reheat Criteria coi unitin a closet Col unitin a closet with Electric Reheat
Engineer | Client | Engineer | Client | Engineer | Client Engineer | Client | Engineer Client | Engineer | Client Engineer | Client | Engineer | Client | Engineer | Client
4| First Cost 2 2 3 4| First Cost 2 2] 3] 1 | First Cost 2 2] 3]
2 [ Life Cycle Cost 2 3 2 2 | Life Cycle Cost 2 3 2 2 | Lite Cyole Cost 2 3 2
3 | Maintenance 2 3 2 3 | Maintenance 2 3 2 3 | Maintenance 2 3 2
4| suitabilty 2 3 2 4 suitabil 2 3 2 4| Suitabilty 2 3 2
5 | Noise 3 3 2 5 | Noise 3 3 2 5 | Noise 3 3] 2
6 | Life Span 2 3| 2 6 | Life Span 2 Bl 2] 6 [ Life Span 2 Bl 2]
7 2] 3 1 7 2 3 1 7]c 2 3 1
8 | Metering 1 3 2 8 | Metering 1 3 2 8 | Metering 1 3 2
9 | Energy Benefits 3 3 2 9 | Energy Benefits 3 3 2 9 | Energy Benefits 3 3] 2
10 | Redundancy 2 3 1 10 | Redundancy 2 3 1 10 | Redundancy 2 3 1
Environmental Environmental Environmental
11 | Health Atirbutes 2 3 2 11 | Health Atiributes 2 3 2 11| Health Attributes 2 3 2
Impact on Buiding Impact on Buiding impact on Buiding
12 | Design Elements 2 2 1 12 | Design Elements 2 1 12 | Design Elements 2 2 1
Mechanical Engineering Evaluation Client Evaluation Mechanical Engineering Evaluation Client Evaluation Mechanical Engineering Evaluation Client Evaluation
3Best Client to provide weight factor Client to provide weight factor Client to provide weight factor
00 oo 2 Good
1 Not Good 1 Not Good 1 Not Good

33

3F. MECHANICAL SYSTEMS

; . = T g |
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ROH

Current Mechanical Design

Maximize views and minimize

mechanical at perimeter

12’ drop ceiling in main entrance
+ bulkhead for outdoor air

Difficult servicing and large
number of access panels

34
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3F. MECHANICAL SYSTEMS

Minimalistic Design

Envelope has 50:50 window/wall ratio

Main heating and cooling load are at perimeter
Integrated HVAC unit with HRV at perimeter
Minimize drop ceiling and 6’ savings in height

Better control, no ductwork, $5K cost
e 7 reduction per suite
—nvesuared’ N
Wt N

N AWz Integrated HVAC unit can be vertical at
" %t;ﬂ o ) perimeter wall, between two rooms, below
I Hm L window (2ft height), ceiling mounted (7"’ deep)

Hvac
PESL6Y

3F. MECHANICAL SYSTEMS

Energy Transfer Center
Eliminate Domestic Hot Water Distribution and Recirculation lines
Instantaneous domestic hot water
Suitable for low temperature water supply of 125F typical for heat pump technology

Savings: $5K per suite

Fortes
Standalone DHW Panel anergy systems
Homeheat VV-DW

Principle scheme WKW unit Example unit (vertical mounting) —

36
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3F. MECHANICAL SYSTEMS
Vertical Integrated VRF
+ HRV Unit L
] mflﬂ 1
| H
RO4 T 3
37
3F. MECHANICAL SYSTEMS
Integrated HVAC Hydronic Units
U
sty | EET—
- R Slim integrated chilled beams with HRV with
) ) ] radiant surface and displacement supply
Typical square 24’x24’’ fan coil + HRV Unit
7"’ deep with installation at perimeter, between
RDH two rooms, under window or ceiling
38
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ROH

3F. MECHANICAL SYSTEMS

Integrated PTAC Unit with HRV

HRA-i PLUS %) iInnova

COMPACT UNIT

INDOOR AIR CONDITIONER + MECHANICAL
VENTILATION THERMODYNAMIC + STATIC

Only require power connection
(120 / 1 phase) and envelope

. 158,5 m*/h 42%3;?}1 158,5 m*/h
penetrations 20°C 20
10" deep

145 m?/h
L‘K . ‘N 20°C
Issues:
Refrigerant 134a and capacity

5°C

- 5°C
317 m/h

145 m*/h

462 m*/h

HRA-i PLUS 50/15

HEAT RECOVERY

IT TAKES CARE OF THE HEATING+COOLING+IAQ
INDOOR AIR QUALITY

IT EXTRACTS EXHAUST AIR AND RECOVERS THE HEAT
WITH THE STATIC HEAT RECOVERY (CROSS FLOW) +

THERMODYNAMIC HEAT RECOVERY (REFRIGERANT
CIRCUIT)

THE UNIT HEATS AND COOLS THE FRESH AIR +
RECIRCULATING AIR

The total air flow guarantee$ the correct diffusion/temperature of the
capacity generated by the unit

Fresh air flow = 145 m3/h = house 107 m? or commercial/tertiary room (ex. classroom with 6pax)
Totale Air flow (fresh air + recirc. air) = 462m3/h - 462/290=1,59 Vol/h
Total heating capacity A-5/A20 = 3,71 kW (di cui 1,06 dal rec.statico e 2,65 dal rec.termodin.)

Space heating capacity without fresh air load A-5/A20 = 3,71 — (145x25x0,34/1000) = 2,47 kW
Espulsion exhaust air/supply fresh air = 145/145 m3/h (+317 m3/h recirculating air)

39

3F. MECHANICAL SYSTEMS

Hysopt
Unique design software getting the most
from heating & cooling hydronic systems

Increased efficiency 10-30% 1

REDUCED

Reduced installation cost 10-40%
ENERGY
CONSUMPTION

through digital model

Reduced energy consumption

6 7

Precision through mathematical model IR e
COMFORT

DOSSIER

ROH

AS-BUILT

hydronic
system
optimisation

5

NO MORE

LOWER LOWER
INSTALLATION YEARS OF
COSTS COSTS

FRUSTRATION

10

OBJECTIFY
DISCUSSIONS

QUICKLY
COMPARE
ALTERNATIVE
VARIANTS

REDUCED CO,
EMISSIONS

40
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3F. MECHANICAL SYSTEMS

BIM Software

ROH

41

3F. MECHANICAL SYSTEMS

Prefabrication

Bathroom Podlsys

for Traditional Builds

< BASE:

.gvel 1
‘ 0-0"VEL T LEvEL =
0-0"

Mechanical plant Mechanical equipment Bathrooms

ROH

42
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4. LACK OF OPTIMIZATION 5
Selection of building systems |
done in silos

Difficult to know the implications on
performance targets

Unexplored design alternatives for
enclosure and mechanical

Forgetting about costs

Too late to make changes later in the
project without pain

Optimization at early-stage is key!

ROH

43

4. OPTIMIZE KEY DECISIONS

What’s the best combination of solutions for this specific building?

Explicitly consider the interaction between building’s enclosure performance and
mechanical system performance in meeting overall building performance
objectives

Optimize for Performance, Cost, Carbon for 10,000s of variables

ROH

44
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4. OPTIMIZE KEY DECISIONS

Case Study - 1770 Pendrell, Vancouver

Biggest criteria was facade budget vs.
preserving architecture

We ran optimization scenarios
Focused on:

Triple glazed system
VS.

Double glazed + Thermal breaks at slab

ROH

45

4. OPTIMIZE KEY DECISIONS

..................

Opaque Enclosure Cost Optimal Combinations  >R-4.00 >R-4.25 ! >R450 | > R-4.75

Effective Total Enclosure R-Value [ft?-°F-hr/Btu] 4.0 45 i 45

48
Opagque Enclosure R-Value [ft2-°F-hr/Btu] 141 115 115 11.5
Incremental Cost for Step [$] $772.000 $0 $75,000

Total Cost [S]

Incremental Cost $772k $0 $75k

-----------------

Balancing thermal performance and cost

ROH

$14,730,000 $15,502,0003$15,502,000:$15,577,000 $16,319,000

46
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4. Early-Stage Building
Science Case Studies

(c) RDH Building Science except as noted
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EARLY-STAGE BUILDING SCIENCE CASE STUDIES

= Joyce Centre, Mohawk College 1 Design Process

= University of Victoria Student Housing

= 1075 Nelson 2. Milestones to
Match the Metrics

3. Early-Stage
Key Decisions

4. Optimize
Decisions

ROH

49

JOYCE CENTRE, MOHAWK COLLEGE

Design by B+H Architects

—~ OPR - Net Zero Energy

-~ For every kilowatt-hour of energy
that is used, the building will
produce a kilowatt-hour of
renewable energy

- Funding req’t - Project to be
completed in 25 months from start
of Design to end of Construction

: : L
CaGBC’s Innovation in Sustainability award, Ontario Sustainable Energy
1 Design P Association’s Sustainable Project of the Year award, and
- LIEsligin Moidesis OSPE’s Engineering Project of the Year

50
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JOYCE CENTRE, MOHAWK COLLEGE

Energy Targets - First Design Meeting:
We have an energy budget, including enclosure!

R10 window + wall

Ontario SB-10 Climate Zone 5 Requirement: R4.7
Target also selected to enable nearly any HVAC system!

75 ekWh/m?2-yr

CIEBUS College/University Average: 211ekWh/m2-yr
Target taken from prior project experience

2. Milestones to
Match the Metrics

51

JOYCE CENTRE, MOHAWK COLLEGE

Original Design - More Traditional System

VERTICAL FINS
« MITIGATE SOLAR GAIN
DUCE GLARE

|¥§"% flanking

frame

centre of glass

CLEAR VISION PANEL

SPANDREL GLAZING
« BACK PAINTED GLAZING
* 5 INCHES ROCK WOOL

‘ i:”// edge of glass 7

Rendering courtesy of B+H Architects

3. Early-Stage
Key Decisions

52
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JOYCE CENTRE, MOHAWK COLLEGE

3D Results:
3. Early-Stage R-21.5 hr-ft>-"F/Btu,
Key Decisions incl. Slab & Flanking

53
JOYCE CENTRE, MOHAWK COLLEGE
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Example Peak Heating Loads

Toronto Office Tower SB-10
R-4 Spandrel, R-18 Walls
60% WWR of U-0.40 40% WWR of U-0.45

JOYCE CENTRE, MOHAWK COLLEGE

What | want
R-18 Walls
40% WWR of U-0.16

R-Value of Window +

60
Typ. Limit of 180F Baseboard g \ ===Corner Office
— 50
= —Side Office
S
ok
£ an \
53, N
£ ~20 \ \
Typ. Limit of Infloor Radiant \ —
S 10
@
Typ. Cost Effective VRF Heat Pumps 0
0 ; ; : : : :
2.0 4.0 6.0 8.0 10.0 12.0 14.0

Wall

55

HVAC Systems Used

* Heat Pump system - Water Cooled VRF
« Geothermal field

 Dedicated outdoor air system (DOAS)
- Solar thermal for preheating DHW

« Heat pump “templifier” for aux DHW
heating

JOYCE CENTRE, MOHAWK COLLEGE

56
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JOYCE CENTRE, MOHAWK COLLEGE

For every kWh of
energy used, the
building will produce
a kWh of renewable
energy

Difficult to get to
Net Zero Energy
with buildings

> 2 storeys tall

Campus solution

57

JOYCE CENTRE, MOHAWK COLLEGE

M & V - We are Net Positive!

* Measured Air Leakage: 0.54 L/s-m? @ 75 Pa
* Building Consumption 20% less than expected
* PV Production is 2% less than expected

JCPI Total PV Production (kWh)

Net Positive Energy (kWh)
113K (17.94%)

JCPI Consumption (kWh)
518K (82.06%)

58
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UNIVERSITY OF VICTORIA STUDENT HOUSING

Integrated design with:
Owners
Architect
Mechanical Consultant
Kitchen Consultant

RDH = Passive House +
Enclosure Consultant

Drawing courtesy Per

1. Design Process

59

UNIVERSITY OF VICTORIA STUDENT HOUSING

E

District Energy System

Typical Building Construction Design is
LEED Gold

Go Beyond with Passive House

Climate Resilience

2. Milestones to
Match the Metrics

60
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Passive House

the kitchen

Onboarded during SD phase

Realization no plan to tackle

Commercial grade kitchen
serving ~ 8,700 meals/day
= New Typology!

STUDENT RESIDENCES
STUDENT COMMON SPACES
RESIDENTIAL SUPPORT
SeRvICES

B o

I scrveny

B qrcnen

I conrerence
ACADEMIC

STUDENT
RESIDENCES
(398 BEDS)

DINING HALL
(SEATING FOR 800)

was set

2. Milestones to
Match the Metrics

Backtracked SD until a plan

COMMERCIAL KITCHEN
(~2900 MEALS PER
PERIOD)

SERVERY

UNIVERSITY OF VICTORIA STUDENT HOUSING

STUDENT
RESIDENCES
(385 BEDS)

CONFERENCE
KITCHEN
CONFERENCE
CENTRE
(BANQUET HALL
FOR 400, MEETING
ROOMS FOR 100)
¥ ACADEMIC

(TWO 230 SEAT
CLASSROOMS)

Drawing courtesy Perkins+Will
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Setting Targets

UNIVERSITY OF VICTORIA STUDENT HOUSING

3. Early-Stage
Key Decisions

COMBINED RESIDENTIAL  [NON-RESIDENTIAL
Treated floor area m? 11247.3 6660.0 4587.4

Space heating Heating demand kWhi(m?a) 15 9.8 23

Heating load ~ W/m? 15 11.9 20
Space cooling Cooling & dehum. demand kWh/(m?2a) 1.2 1.2 1
Cooling load ~ W/m? 0.0 0.0 0
Frequency of overheating (> 25 °C) % 0.0 = o
Frequency of excessively high humidity (> 12 g/kg) % 0.1 0.2 0

Space Heating Demand TARGETS 15 8 25
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UNIVERSITY OF VICTORIA STUDENT HOUSING

Starting Point: Design Levers,
i.e. Sensitivity analysis to understand elements with largest impact on PHPP models

Exterior Insulation Thickness Kitchen Ventilation Operation Rate Internal Heat Gains

[Tower] Wall ext. ins. thickness impact on SHD [Podium] MUA & KEF 1 op. rate impact on SHD [Podium] IHG impact on SHD/SCD

. R16  R-23 R-29 R-34 w w
T ., = . RS
g 16 g - g
Tas T 36 ‘E 5
13 = o .,
£ £ 2 £

14 £ 34 = ...,
: . z E g
X 13 %32 - x
= 2 2 ..
R 2 30 2 30
g1 s 28 B [T e o e s | et
%10 @ 2 . 1 X e I I R
£ & ] g T
] £ 24 £ =)
5 9 g 2 10
T s - =
[ R22  R-28 R33  R38 F ¥ o * ?
8 s ks .- S e & 20 g
2 Z i
“ o 2 & 8 10 12 ol 28 52 jad 8 10 12

Insulation Thickness (inch) )
ceve [Touer] SHO (Wall £3.4) —= 8= [Tower] SHO (Wall £3.4, no backup) [Podium] SCO (IMG)

Conclusion: Biggest levers are Kitchen Ventilation, Equipment & Hot Water
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1075 NELSON

60-Storey Passive House - the tallest
in the world when complete

Integrated approach - key
disciplines at the table from the

start
Owners
Architect
Mechanical Consultant

7
-
’
’

RDH = Passive House + Enclosure
+ Facade Consultant
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1. Design Process
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1075 NELSON

Early-stage workshop:
Precedence for tall Passive House buildings
Their performance
Methodologies to get there

Established the baseline for expectations

Internal meetings:

What’s constructible?
What technology is available?
Small tweaks

City-driven milestones & plan to match

2. Milestones to
Match the Metrics

Enclosure options and impact on PH compliance ".

Courtesy Henson Developments, WKK Architects / IBl Architects
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1075 NELSON

OPR:

Passive House,
never in doubt!

Appearance of curtain wall
50% WWR
Marketability

3. Early-Stage
Key Decisions
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1075 NELSON

Mechanical - HRVs:

Per suite / per floor / per 3 floors?
Central HRVs on 17th floor and on the roof
Minimized size of ducts

Minimized # of penetrations (PH airtightness & 3
maintenance) s

Interconnected the HRVs as redundancy
CoV - exclude HRVs and shafts from FSR

L

3. Early-Stage ) : -
- < /‘/
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1075 NELSON

Facade - Prefabricated:
How do we build a R-30 ‘curtain wall’?
Size of panels?
Cost?
Architectural vision?
Language - Practical terms:
If you change _____ , you get

ELEVATION SHOWING
VARYING FLOOR OFFSET

3. Early-Stage
Key Decisions
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1075 NELSON

Performance Metrics
Iterative optimization with PHPP
team throughout the design

Facade Optimization
Complexity of curvature
Geometry
Streamline # of panels
Floorplate alignment
Transition details
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Why Early-Stage
Building Science?

(c) RDH Building Science except as noted
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A building’s enclosure and

mechanical systems are primary
drivers of cost as well as'energy
and sustainability performance

April 22, 2021

EARLY-STAGE
BUILDING SCIENCE I Degigr Progess
1. Switch the Design Process from
Reactive to Proactive 2. Milestones to
2. Make the milestones match the Match the Metrics
metrics
3. Make the key decisions early with
the whole team 3. Early-Stage
4. Optimize the 10,000s of variables Key Decisions
for what matters to the project:

= Performance
= Cost
= Carbon

ROH

72

(c) RDH Building Science except as noted

36



Early Stage Building Science April 22, 2021

Early-Stage
No matter the project: Building Science
1. Single-point accountability r \ Cost of
. Changes
to reduce risk
2. Efficiencies gained in time and
effort
3. Better certainty in cost and
performance
4. Reduction in value engineering Opportunity
kf.or Influence
/
Concept Preliminary Design Contract Construction
Design Dev. Documents
RDOH
73

HOW CAN WE HELP?

- Building enclosure

— Mechanical systems

-~ Energy & sustainability
-~ Facade design

-~ Facade structure

ROH
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strated Gui de

iNg Ajrri
sg/‘\//r/ght

u Building ENC-
pesign OV

ROH

INDUSTRY LEADERSHIP

- Develop many current codes and standards
- Author technical guideline documents
- Assist all levels of government with

policy development

We have insight on current requirements

and what is coming
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THANK YOU!

clemieux@rdh.com

gostojic@rdh.com

Learn more at

rdh.com

m RDH Building Science

%Y @RDHBuildings

ROH
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RDH Technical Library

Building enclosure articles,
conference papers,
presentations, research reports,
quick guides + technical
bulletins

rdh.com/technical-library

Learn Building Science

Live events, guides, courses
+ morel!

learnbuildingscience.com
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