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Net-Zero Energy 
and Carbon 
Building Design: 
Feasibility in 
Northern Canada 
and Alaska

NOVEMBER 16, 2022

Robin Urquhart  MBSc, MNRES, CEA 

Welcome!

We are recording. 

 Some FAQs:
 You will get a follow-up email regarding how to access the 

recording and a pdf of slides.
 If you need a completion certificate for self-reporting or 

Phius CPHC, EPP, and/or AIA or AIBC credits, please follow 
the link in the chat box to let us know.

 Please use chat for housekeeping questions.

 Please use Q&A box for questions for the speaker.
 We will break at the end for questions.
 Use upvote feature to let us know what you’re most curious 

about!

More questions? Please contact us at 
events@learnbuildingscience.com.
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Robin Urquhart

Robin is a building scientist, certified energy advisor and
carpenter and has been with RDH since 2013. He is also
the Building Science Specialist on staff at Yukon
University. Born and raised in Whitehorse, YT he has
specialized in northern construction practices, material
testing, building diagnostics and guide development. With
a background in construction, Robin is focused on
practical solutions that work in the North. Robin is
completing work on his own house that will be British
Columbia’s northernmost Energy Step Code - Step 5 (net-
zero ready) building.

O ur Vision + Core Values
We make buildings better 
through the integration of 
science, design and construction 
expertise.
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270+ staff

9 offices

Projects across North 
America

Focus on building 
science

& building enclosures

© RDH Building Science, Inc. 2021

All rights reserved. No part of this presentation may be 
reproduced or transmitted in any form by any means, 
electronic, mechanical, photocopy, recording, or other 
without prior written permission. 

For permissions to use this content, email 
onlinelearning@rdh.com.

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 
when applying the information, details, techniques, practices and procedures 
described in this material. 

Education for Professionals
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Poll Question:
Where do you primarily 

practice or operate?

Agenda and Key Questions

1. Definition net-zero and ‘the North’

2. Net-zero Energy design approach

3. Net-zero Energy case studies

4. Net-zero Carbon design approach

5. Net-zero Carbon case study

6. Key takeaways

How feasible is net-zero in the North?

What does it look like?

Why are we doing this?
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What does Net-zero mean?

 Inputs – outputs = zero

Net-Zero Energy 
 a building produces as much energy as it uses on an annual 

basis
 Energy is measured in GJ

 Includes all fuel types

Net-zero Carbon
 A building negates the amount of greenhouse gas emissions 

resulting from various phases of its existence
 Carbon = carbon dioxide equivalent = GHG emissions
 Carbon is measured in t C02e

 Net-zero Emissions
 Carbon Neutral

BILL C-12
CANADIAN NET-ZERO EMISSIONS 

ACCOUNTABILITY ACT

BILL C-12
CANADIAN NET-ZERO EMISSIONS 

ACCOUNTABILITY ACT

BILL C-12
CANADIAN NET-ZERO EMISSIONS 

ACCOUNTABILITY ACT

Where is the North?

Depends on the context

 Canadian/American building science 
context = climate zones 7 and higher

 Also defined by challenges
 Cold
 Dark
 Big
 Remote
 Decentralized
 Lacks resources
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How do we approach net-zero 
design in the North

 Approach net-zero design the same for 
all regions

 Specific considerations have to be taken 
into account that inform design
 Site
 Transportation
 Practical limitations
 Building season
 Energy production capacity
 Building standards
 Cost

Approach for Net-zero Energy 

Building form/functionStep 1

Determine applicable codes/standards and performance metricsStep 2

Model baseline Step 3

Select enclosure and mechanical Energy Conservation Measures Step 4

Iteratively apply and document ECM bundles to meet targetsStep 5

Design renewable energy systemStep 6
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 Type

 Functional program

 Massing
 Articulations matter!
 Fenestration/door-to-wall ratio (FDWR) and orientation 

matter!

 Material selection

Step 1: Design building form and function

Net-zero Energy

 Code minimum

 Choose the right performance metrics

Step 2: Determine applicable codes/standards and 
performance metrics

Net-zero Energy

14

15



Building Science Live_R.Urquhart 11/16/2022

8

Energy efficiency building direction

 Canada 
 National Building Code (NBC) 2020
 BC Step Code 2018 (Steps 1-5)
 National Energy Code for Buildings (NECB)
 Passive House Institute (PHI)/PHIUS
 Municipal bylaws/requirements

 Alaska
 Patchwork of building codes by 

municipality/borough (International 
Building Code 2018)

 Alaska Housing Building Energy Efficiency 
Standard (not-statewide, required for state 
financial assistance)

 PHI/PHIUS

Net-zero Energy
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Step 3: Model baseline

Net-zero Energy
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 Refer to baseline model

Step 4: Select appropriate enclosure and mechanical 
Energy Conservation Measures

Energy 
Performance

CostConstruct-
ability

Appropriate ECM

Net-zero Energy

ECM selection

 Building enclosure ECMs as levers to reduce loads
 R-values within wall, roof, floor assemblies
 Airtightness
 Window U-values (double, triple, quad pane)
 FDWR and orientation

Mechanical system ECMs to improve energy use 
 Heating systems – fuel, electric resistance, heat pumps
 Domestic hot water – fuel, electric, heat pump
 Heat Recovery

T

•Thermal (Enclosure ECMS) 
•Reduce loads
•TEDI

M

•Mechanical 
•Improve energy usage
•MEUI/TEUI

R
•Renewable energy

Net-zero Energy
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Constructability limits & 
depreciating returns to 
insulation thickness

Technology limits to 
triple/quad glazing, HRV 
efficiency and pre-heat

Technology limits to cold 
climate performance of 
heat pumps

Practical limits 

Net-zero Energy

Practical limits continued…
Component Upper Limit of Performance & Why

Roof R-value R-100 (36” of fibrous insulation)

Wall R-value R-80 (2x6+16” ext. insulation w/ long screws or 24” double wall)

Slab on Grade 
R-value

R-40 (8-10” of foam)

Suspended Floor R-value R-80 (24” deep truss)

Window U-value U-0.12 (best available quad pane unit)

Door R-value R-8 (best available insulated units)

Airtightness Large commercial 0.15 to 0.30 ACH50
Small SFD 0.30 to 0.60 ACH50

Space Heating Up to 1.5-2.1 COP CCASHP

HRV Efficiency Up to 81% (best avail cold-climate w/o pre-heat)

DHW Up to CO2 Heat Pump, 2.5-3.0 COP

Drain Water HR 65%

Net-zero Energy
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Step 5: Iteratively apply and document ECM bundles 
to meet performance target minimums

Net-zero Energy

 Buildings in the North always use more energy in the 
winter than they can produce 

 Seasonal demand/supply are inverse
 Cold temps
 Higher occupancy loads (plugs, lighting, DHW, etc.)
 Less sun

 Need to think bigger than the building

Step 6: Design renewable energy generation 
system
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Net-zero Energy
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What does Net-zero Energy look like?

 RDH feasibility study

 Examined three archetypes for four locations

 Can buildings meet net-zero energy requirements in the 
North?

What are the practical limitations?

What considerations must be taken into account?

Representative archetypes

 Single Family Dwelling (SFD)
 Simple & Articulated Form Factors
 Slab on grade, footing on bedrock and elevated permafrost 

foundation options by location

Multi-Unit Residential Building (MURB)
 Simple & Articulated Form Factors

 5-Plex Row House
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Locations for Energy and Cost Analysis

 Fort St. John 
 CZ - 7a
 5750 HDD

Whitehorse
 CZ - 7b
 6580 HDD

 Yellowknife 
 CZ – 8
 8170 HDD

 Resolute 
 CZ – 8
 12 360 HDD

Performance Metrics – BC Step Code as Goals for 
Net Zero Ready 

Airtightness
Equipment & 
Systems

Thermal 
Performance

Step Code for 
SFD: Step 5

≤1.0 ACH50
MEUI ≤ 
55-75 kWh/m²

TEDI ≤ 15-60 kWh/m²

Step Code for 
MURB: Step 4

N.R. 
TEUI ≤ 
100 kWh/m²

TEDI ≤ 15 kWh/m²

MEUI = Mechanical Energy Use Intensity 
TEDI = Thermal Energy Demand Intensity
TEUI = Total Energy Use Intensity
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MURB Energy Modeling Baseline Results
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MURB Energy Modeling Results - TEUI 
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MURB Energy Modeling Results - TEDI 
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Upper Step of Energy Step Code – Near Net Zero

MURB Baseline, NECB 2011

 Air Tightness: from 2.2 ACH50 to 0.15 ACH50

 Insulation:
 Roof from R-40 to R-76 (articulated) or R-48 (simple form)
 Walls from R-31 to R-61 (articulated) or R-40 (simple form)
 Exposed floors from R-40 to R-70 (articulated) or R-41 (simple form)
 Windows from double glazed (U-0.39) to quadruple glazed (U-0.12) 

 Ventilation strategy changed from in-suite HRVs and MAU supplying corridors to  
centralized/zoned ventilation system with 81% heat recovery (by dual core units with no 
preheat required) for suites and corridors.
 Reduced make-up air flow rate to corridor from 20 cfm/door to 

10 cfm/door (articulated)
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Total Energy Use Intensity (TEUI)
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Climate Zones 7a, 7b results

BC STEP CODE (2018)

Step 4 Step 5

Fo
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a SFD – articulated YES YES

SFD – simple YES YES

MURB – articulated YES n/a

MURB – simple YES n/a

5-Plex YES YES

W
h
te
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Z
 7

b SFD – articulated YES YES

SFD – simple YES YES

MURB – articulated YES n/a

MURB – simple YES n/a

5-Plex YES YES

Climate Zone 8 results
BC STEP CODE (2018)

Step 4 Step 5
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SFD – articulated YES YES

SFD – simple YES YES

MURB – articulated NO n/a

MURB – simple YES n/a

5-Plex YES YES
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SFD – articulated YES YES

SFD – simple YES YES

MURB – articulated NO n/a

MURB – simple NO n/a

5-Plex YES YES

BC STEP CODE (2018 rev)

Step 4 Step 5
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SFD – articulated YES YES

SFD – simple YES YES

MURB – articulated YES n/a

MURB – simple YES n/a

5-Plex YES YES
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SFD – articulated YES YES

SFD – simple YES YES

MURB – articulated YES n/a

MURB – simple YES n/a

5-Plex YES YES
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 Metrics and Practical Limitations

 Articulation

 FDWR and orientation

 Diminishing insulation returns

 Air tightness

 Electrical generation

Net-zero Energy design takeaways

Impact of Articulation on Heating Demand
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Window to Wall Ratio is Critical

 

Heating Demand versus window to wall ratio for the simple form SFD in Yellowknife. Each 
dot represents an addition of a 1.5m x 1.9m window to the façade as indicated on the 
graph.  
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The Continued Importance of Airtightness

0

10

20

30

40

50

60

70

80

90

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

H
e
at

in
g
 D

e
m

an
d
 (

k
W

h
/m

²/
yr

)

Air Leakage Rate (ACH50)

Stand alone electrical grid

Much of the North is not 
grid connected to the rest 
of Canada

 Same for Alaska with the 
lower 48

 Inverse 
power/consumption 
relationship for solar

 Power Corps have 
generation caps

Government of Canada, C. E. R. (2022, July 8). Canada energy 
regulator / Régie de l'énergie du Canada. CER. 
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Step 5 SFD in CZ 7b – Case Study

Enclosure –
Nothing Special

Images not to scale
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Mechanical – Nothing Special

 Electric radiant heat

 ERV

Wood stove

 Conventional electric 
water heater

Challenges

 Transportation (trusses)

No crane

Material delay 

 Limited tradespeople/installers

 Hot2000 modeling 

MEUI difficult for small buildings up North

 Climate zone data not local

Enclosure area = 2400 ft2
Floor area = 600 ft2

Enclosure area = 2800 ft2
Floor area = 1200 ft2
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Performance

≤ 50
≤ 65

 Save money

 Reduce environmental impact

 Reduce/eliminate greenhouse gas 
emissions (GHGs)

 Energy as proxy for GHGs

Why are we trying to save 
energy
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The most energy efficient building is often 
not the most carbon efficient building
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Goal for Low Net Carbon Emissions Buildings

Source: Canadian Green Building Council (CaGBC) Zero Carbon Building Standard V2 

Building Life Cycle
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Approach for Net-zero Carbon 

Building form/functionStep 1

Determine applicable codes/standards and performance metricsStep 2

Model energy baseline Step 3a

Select ECMs and Emission Reduction Measures (ERMs)Step 4

Iteratively apply and document ECM/ERM bundles to meet targetsStep 5

Design renewable energy system/purchase carbon offsetsStep 6

Model carbon baseline (Life Cycle Assessment)Step 3b

 Code minimum

 Choose the right 
performance metrics

 CaGBC Zero Carbon 
Building Standard

Step 2: Determine applicable codes/standards and 
performance metrics

50
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 Model energy baseline
 Output energy intensity and greenhouse gas 

emissions
 Depends on emissions factors (how dirty/clean 

energy source is)

 Model carbon baseline 
 Conduct life cycle assessment (LCA)
 Athena, MCE2, BEAM

Step 3: Model baseline 103.04
269.35 561.48

‐1540.30

15376.22

6114.30
Walls

Cladding

Roofing

Ceiling

Foundation

Windows

kg C02e (manufactured + transportation)

 Refer to baseline models

 Select low carbon materials

 Select low carbon energy sources

Step 4: Select appropriate Energy Conservation Measures (ECMs) 
and Emission Reduction Measures (ERMS)

Energy 
Performance

Construct
-ability

Cost
Appropriate ECM

Carbon 
intensity
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ECM selection

 Building enclosure ECMs/
ERMs as levers to reduce loads
 R-values within wall, roof, floor assemblies
 Airtightness
 Window U-values (double, triple, quad pane)
 FDWR and orientation
 Low carbon intensity materials

Mechanical system ECMs/ERMs to improve energy 
use
 Heating systems – fuel, electric resistance, heat pumps
 Domestic hot water – fuel, electric, heat pump & heat 

recovery
 Heat Recovery Ventilation
 Low emission factor energy sources

T

•Thermal (Enclosure ECMS) 
•Reduce loads
•TEDI
•Choose low embodied carbon materials

M

•Mechanical 
•Improve energy usage
•MEUI/TEUI
•Choose low carbon energy sources

R
•Renewable energy
•Carbon offsets

 Refer to baseline to see where energy/carbon intensity is high

Step 5: Iteratively apply and document ECM/ERM 
bundles to meet performance target minimums
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Step 6: Design renewable energy generation system and/or 
purchase carbon offsets

Net-zero Carbon Case Study

 2 new construction

 2 existing construction

 Remote location in Northwest Territories

No road access

 Isolated grid

 Climate zone 8: ≥ 7000 HDD 
 HDD 8300
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Performance metrics

 Federal Government has net-zero carbon mandate
 FSDS – Federal Sustainable Development Strategy
 DSDS – Departmental Sustainable Development 

Strategy

Owner’s Statement of Requirements 
 Net-zero emissions
 Energy metrics
 BC Energy Step Code 5 – new buildings
 BC Energy Step Code 3 – existing buildings

Energy vs Carbon

 BC Energy Step Code targets 
impossible to meet

 Client confirmed only GHG emissions 
during building operation (NZOC)
 tonnes of equivalent carbon dioxide (tC02e)
 Does not take embodied carbon of materials 

into account

Minimize carbon offset purchase
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Energy vs Carbon

NZOC means maximizing energy efficiency and minimizing operational emissions
 Maximize insulation (don’t need to target low carbon materials)
 Maximize air tightness
 Select low carbon energy sources (heat)
 Maximize renewable energy production

Building 1 - performance

60
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Energy source emissions factors for NWT

FUEL SOURCE GHG/Unit ENERGY DENSITY GHG kgC02e/GJ

Electricity 200 g/kWh 2.78E-04 (kWh/GJ)/(g/t) 55.6 

Wood pellets 131g/kg 18 MJ/kg 7.3

Wood chips 18 g/kg 10 MJ/kg 1.8

Light Fuel oil 2762 g/L 35.7 MJ/L 77.4

Electricity Combustion

Consumption (GJ/a) 61.9 169.0

GHGs (kgC02e/a) 3400 1200

Offsetting carbon

Net metering and carbon equivalent offsets
 Not possible in many communities in NT

 Closed grid

 NTPC limits uninterrupted power generation

 Carbon offset purchasing
 Supports offset projects in other regions

 Solar farm in India to replace coal-fired generators

 Reforestation in Brazil

 Wind farm in Dawson Creek

 2023 market price = $21.00/tC02e 

 ~ $98/a for 4.6 tC02e

4.6 4.6 

Case studyCase study

4.6 

Case study

Opsit. Government of Canada. Slide 41
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Life Cycle Cost Analysis

 Carbon offsetting may be more economical than choosing more energy efficient 
materials/technology

Life Cycle Cost = 

Capital investment + operating cost + maintenance cost + disposal cost - residual value

 Used to compare materials, technologies, etc.

 Can be used to compare ECM bundles including carbon as a shadow cost ($/tC02e)
 Treasure Board of Canada sets out a carbon price of $300/tC02e

Key takeaways

1. Net-zero Energy and Net-zero Carbon are feasible in the North

2. Define Net-zero at the outset of a project

3. Use metrics judiciously

4. Take northern-specific considerations into account

5. Don’t get lost in the noise – simple approach works

6. Need to think bigger than the building

7. The aim is not always the goal
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rdh.com
Learn more at

@RDHBuildings

RDH Building Science

Discussion 
+ Questions

Contact Us

rdh.com/contact-us 

Learn Building Science has 
learning opportunities including 
continuing education credit 
opportunities. Check out the 
website for live events, guides, 
courses, and more!

learnbuildingscience.com 

RDH Technical Library

Free resources are available on 
our website, including building 
enclosure articles, conference 
papers, presentations, research 
reports, quick guides and 
technical bulletins.

www.rdh.com/technical-library/
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More Continuing 
Education Credit 

Opportunities
Join Us For Our Next Event!
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