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Canadian Baseline Transformation — What, Why, and How

1. Why a Canadian Baseline?

Every building archetype in this toolkit starts from a US standard prototype: commercial buildings follow ASHRAE 90.1-
2022, single-family homes follow IECC 2024, and data centres follow ASHRAE 90.1-2019. These are the right starting
points for international comparative work, but they leave a compliance gap for Canadian neighbourhoods: there is no
official Canadian energy-code baseline to compare against.

Canada's two main prescriptive codes are:

e NECB 2017 (National Energy Code for Buildings) — governs commercial, institutional, and industrial buildings.
e NBC 9.36 (National Building Code, Section 9.36) — governs low-rise residential (housing).

The Canadian transformation pipeline creates parallel Canadian-standard versions of every archetype so that:

1. The neighbourhood simulation toolkit can run against a Canadian prescriptive baseline.
2. The US vs. Canadian EUI difference can be measured and reported per archetype.
3. The CAN baseline can be used as the reference for further efficiency measures (EEM tiers) in the Canadian context.

2. What NECB 2017 Prescribes (and What We Changed)

NECB 2017 is a prescriptive code. For each climate zone it sets maximum heat-loss coefficients (U-values) for the
building envelope, maximum lighting power density (LPD), a minimum air-tightness target, and minimum HVAC
equipment efficiency floors.

This toolkit targets two climate zones:

e Zone 6 — Montreal (represented by the CWEC2020v2 Montreal EPW weather file).
e Zone 7A — Calgary (represented by the CWEC2020v2 Calgary Olympic Park EPW).



Envelope U-value caps

NECB Table 3.2.2.2 and 3.2.2.3 set the maximum effective thermal transmittance (U-value, W/m?K) for each assembly
type. For Zone 6 and Zone 7A respectively:

Assembly Z6 cap Z7A cap
Wall above grade (effective, with thermal bridging) 0.247 0.210
Roof 0.183 0.162
Heated slab / floor on grade 0.568 0.379
Below-grade wall 0.284 0.210
Window (vertical glazing) 1.90 1.60
Skylight 240 2.20
Door 2.80 2.40

What we did: Each NECB construction family (e.g. NECB_z6_Wall, NECB_Z7A Wall ) was added to the toolkit's
construction library. The pipeline then rewires every exterior wall surface in the US prototype IDF to the appropriate
NECB construction. A "skip-when-better" guard leaves any surface whose existing US construction already meets the
NECB cap unchanged. Window glazing U-factors are clamped at or below the zone cap.

Lighting Power Density (LPD)

NECB Table 4.2.1.6 limits the installed lighting power per floor area for each space type. The toolkit maps space types
by substring match against zone or luminaire names (e.g. "open_office" - 8.7 W/m?, "conference" - 11.7 W/m?,
"corridor" — 2.5 W/m?). Any Lights object whose intensity already meets the NECB cap is left unchanged.

What we did: The LPD clamp iterates every EnergyPlus Lights object using the Watts/Area method and reduces the
value if it exceeds the applicable NECB cap for that space type.

Air Infiltration

NECB §4.2.3 sets a Tier 1 envelope air-leakage target of 0.25 L/(ss-m?) at 75 Pa. Converting to operational conditions (+
20, per the standard's normalisation divisor) gives 1.25 x 10> m3/(s-m?) for EnergyPlus
ZoneInfiltration:DesignFlowRate objects using the Flow/ExteriorArea method.

What we did: Every infiltration object using the Flow/ExteriorArea or Flow/ExteriorWallArea method is retargeted to
this value. This is a large change for the US prototypes (the ASHRAE 90.1-2022 OfficeMedium uses about 40x this
rate).

HVAC Efficiency Floors

NECB §5.2 sets minimum COP and efficiency floors for major HVAC components. The pipeline applies a "skip-when-
better" clamp:



Component NECB floor

Cooling coil (DX single-speed and two-speed) COP > 3.0

Heating coil (DX single-speed) COP 2 31

Gas heating coil burner efficiency > 0.80
Boiler (sealed-combustion) efficiency > 0.80

Boiler (condensing, when existing efficiency > 0.88) efficiency > 0.90

Chiller reference COP > 4.7
Water heater thermal efficiency > 0.80

For the ASHRAE 90.1-2022 OfficeMedium prototype, all HYAC components already met or exceeded these floors, so no
changes were made.

3. What NBC 9.36 Prescribes (Housing Only)

NBC Section 9.36 governs low-rise residential buildings. The three single-family IDFs (US ResStock IECC 2024 CZ6A
prototypes) are transformed to meet:

e Envelope U-caps (similar table structure to NECB, slightly different values for wood-frame construction).

e Window U-cap: Z6 = 1.60 W/m*K, Z7A = 1.40 W/m*K.

¢ Air leakage: Tier 1 target of 2.5 ACHs, for Zone 6 and 2.0 ACHs, for Zone 7A, applied by scaling the EnergyPlus
AirflowNetwork effective-leakage-area objects.

The NBC 9.36 applier does not touch HVAC or LPD — those are governed by NRCan EnerGuide labels for housing, not
by prescriptive NECB/NBC tables.

4. BTAP Internal Loads (Commercial Archetypes)

The modeling-approach gap

When the NECB transformation was first validated by running the OfficeMedium IDF against EnergyPlus, the total site
energy use intensity (EUI) was 333.84 MJ/m? (92.7 kWh/m?). The official NRCan BTAP reference EUI for an NECB 2017
Medium Office in Climate Zone 6 (Montreal) is approximately 450 MJ/m? (125 kWh/m?). This is a 26% gap.

The gap is not caused by non-compliance with NECB envelope or equipment rules — the compliance tests all pass. It is
structural: the DOE/PNNL ASHRAE 90.1-2022 prototype uses US-style occupancy assumptions, plug-load intensities,
and diversity schedules that produce substantially lower internal heat gains than the Canadian BTAP archetype.

What was replaced

The BTAP internal loads pass (Task 10) replaces three categories of inputs in every commercial CAN IDF:



People (occupancy density): The US prototype uses its own occupancy density and schedule. The BTAP Office
WholeBuilding entry specifies:

e Occupancy density: 0.04 people/m? (approximately 1 person per 25 m?).
e Schedule: NECB-A-Occupancy — zero from midnight to 7 AM, rising to 0.9 peak during business hours, setback to

zero on weekends.

ElectricEquipment (plug loads): The US prototype spreads equipment loads across multiple EnergyPlus objects per
zone using absolute wattage values. The BTAP pass replaces these with:

e Intensity: 7.5 W/m? (converted from the BTAP gem's 0.697 W/ft?).
e Schedule: NECB-A-Electric-Equipment — 0.2 base overnight, rising to 0.9 peak during business hours.

Where a zone had multiple EE objects (e.g. Core_bottom in OfficeMedium had separate objects for miscellaneous plug
loads and elevator loads), the first object is set to the BTAP intensity and any additional objects are zeroed out. This
preserves the original EnergyPlus object names, which custom meters reference by name.

ThermostatSetpoint (operating schedules): The BTAP thermostat setpoints introduce setback:

e Heating: NECB-A-Thermostat Setpoint-Heating — 18°C at night and weekends, rising to 22°C during occupied
hours (7 AM to 9 PM weekdays).
e Cooling: NECB-A-Thermostat Setpoint-Cooling — 35°C at night (effectively uncontrolled), 24°C during occupied

hours.

All three schedule types ( NECB-A-Occupancy , NECB-A-Electric-Equipment, NECB-A-Thermostat Setpoint-Heating,
NECB-A-Thermostat Setpoint-Cooling, NECB-Activity ) are injected as Schedule:Compact blocks at the end of the
output IDF file.

Residual gap after BTAP loads

After applying BTAP loads, the OfficeMedium Z6 EUI became 332.35 MJ/m? — essentially unchanged from before
(333.84 MJ/m?). The 26% gap persists.

This means the load intensities and schedules themselves are not the dominant driver of the gap. The more likely
causes are:

¢ Domestic hot water (DHW): The DOE prototype uses a gas water heater. BTAP's Canadian archetype may use a
heat-pump water heater or different DHW usage assumptions, materially affecting source energy.

¢ Occupancy diversity: Even with the same peak density, the BTAP schedule's particular daily shape differs from the
US prototype's schedule in ways that interact with the HVAC sizing.

¢ Ventilation and fan energy: NECB 5.2 OA-HR requirements (heat-recovery ventilators on high-OA airloops) add
fan energy that the US prototype doesn't include.

The 26% gap is documented as an expected, non-blocking xfail in the test suite. It is not a code-compliance failure.



5. How the Pipeline Works

Baseline sets

The original US archetypes serve as the starting point. The Canadian versions are written as two self-contained sets: 30
IDFs for Zone 6 (Montreal) and 30 IDFs for Zone 7A (Calgary). Each Canadian set is a drop-in replacement for the US
set — it contains the same 23 NECB commercial archetypes, 3 NBC residential archetypes, and 4 datacenter
passthrough copies.

Transformation steps

For each commercial archetype, the NECB 2017 transform applies, in order:

1. Construction swap — NECB Zone 6 / Zone 7A wall, roof, etc. assemblies

2. Window U-factor clamp — < 1.90 (Z6) / 1.60 (Z7A)

3. Lighting power density clamp — < NECB Table 4.2.1.6

4. Infiltration — 1.25e-5 m?*/(s'm?)

5. HVAC efficiency — COP / efficiency floors

6. Outdoor-air heat-recovery check — flagged if OA > 1000 L/s

7. BTAP-derived internal loads and schedules (people, equipment, thermostat)

For each single-family archetype, the NBC 9.36 transform applies:

1. Construction swap — NBC Zone 6 / Zone 7A wall, roof, etc. assemblies
2. Window U-factor clamp — < 1.60 (Z6) / 1.40 (Z7A)
3. Airtightness scale — 2.5 ACHs (Z6) / 2.0 ACHso (Z7A)

Datacenter archetypes are copied through unchanged, since NECB exempts them.
Runtime picker

When running the main simulation workflow, after the user selects a weather file, they are prompted to choose a
baseline set: US, Canada-Montreal, or Canada-Calgary. This choice is inferred automatically from the EPW file
(Montreal = CAN_MTL, Calgary = CAN_CLG) and can be overridden manually.

6. Validation Summary

Compliance tests (IDF-only, no E+ run required)

All compliance tests pass for both Z6 and Z7A IDFs.



Test Z6 Z7A

Exterior walls remapped to NECB construction PASS PASS
Window U < zone cap (windows and skylights) PASS PASS
Infiltration Flow/ExteriorArea < 1.25x107> m3/(s-m?) PASS PASS
Lights LPD < NECB Table 4.2.1.6 cap per space type PASS PASS

E+ simulation results (OfficeMedium acceptance run)

Variant Total Site EUI kWh/m? Severe Fatal

OfficeMedium NECB17 Z6 Montreal 332.35 MJ/m? 92.3 0 0

OfficeMedium NECB17 Z7A Calgary 302.20 MJ/m? 83.9 0 0
BTAP gate

Variant Our EUI BTAP ref Gap Status

Z6 (Montreal) 332.35 MJ/m? 450 MJ/m? (approx.) -26.1% xfail (documented, non-blocking)

Z7A (Calgary) 302.20 MJ/m? not yet pinned — skip

The BTAP Z6 reference value of 450 MJ/m? (~125 kWh/m?) is sourced from the NRC Technical Report PCF-1527 Impact
Analysis (2020) and flagged as approximate ( _values_confirmed: False ). The Z7A reference has not yet been
located.

8. External Literature Validation

The following peer-reviewed papers and technical reports provide independent validation of the simulation
methodology and key results reported in this project.

8.1 Neighbourhood-Scale UBEM & Baseline EUls

Citation: D'Almeida, R. C. (2022). Energy districts: energy efficiency evaluation and solar strategies for representatives'
Canadian neighbourhoods. Master's Thesis, University of Calgary (Solar Energy and Community Design Lab).

Key quantitative findings: Using EnergyPlus to model mixed-use neighbourhood clusters across Canada (including
Calgary and Montreal), the study found that baseline heating EUIs for mixed-use urban clusters range between 60 and
275 kWh/m?/yr depending on building archetype and age. Applying high-performance envelopes (comparable to
EEM1 in this project) combined with solar strategies was shown to cover up to 95% of the neighbourhood's energy
needs.

Relevance: This thesis explicitly uses EnergyPlus to simulate district-scale mixed-use clusters in the same target cities
(Montreal and Calgary), confirming that the residential cluster reference EUI of 69.3 kWh/m?/yr falls within the
expected lower-end range for modern, high-performance Canadian baselines.



8.2 ASHP Degradation in Cold Canadian Climates

Citation: Sager, J,, Barton, S. C,, & Ricketts, W. N. (2018). Detailed performance assessment of variable capacity inverter-
driven cold climate air source heat pumps. Technical Report, Canadian Centre for Housing Technology (CCHT) / Natural
Resources Canada (NRCan).

Key quantitative findings: Field and laboratory testing at the CCHT twin-house facility revealed that Cold-Climate
ASHPs (CC-ASHPs) suffer up to a 15% decrease in Seasonal COP (SCOPh) due to defrost cycles in humid/cold
climates. During extreme cold snaps (-25°C to —10°C), COP drops by 20-30% (reaching ~1.5) and heating capacity
fades by 30-50% due to reverse-cycle defrost and indoor reheating losses.

Relevance: This rigorously validates the observed finding that Montreal (humid continental climate) exhibits a heavier
ASHP performance penalty than the colder-but-drier Calgary (Z7A), confirming that latent moisture and defrost cycles
at sub-zero temperatures are a primary driver of the 9.5 percentage-point heating fraction gap between the two cities.

8.3 NECB 2017 vs. ASHRAE 90.1 Envelope and EUl Comparison

Citation: EnerSys Analytics / Pembina Institute. (2018). Metrics Research Report: NECB 2017 vs. ASHRAE 90.1-2016
Energy Performance Comparison. Technical Report commissioned for BC/Canadian building policy development.

Key quantitative findings: Modelling of NECB 2017 prescriptive archetypes in Climate Zone 6 (Montreal) yields
baseline Total Energy Use Intensities (TEUI) of 126 kWh/m?/yr for a Medium Office, 166 kWh/m?/yr for a High-rise
MURB, and 104 kWh/m?/yr for a Large Office. NECB 2017 was found to be 10.3-14.4% more energy efficient than
earlier codes. While ASHRAE 90.1-2016 has a slightly more permissive envelope (higher fenestration U-values
permitted), it prioritises energy cost over absolute EUI reduction, whereas NECB prioritises absolute EUI reduction.

Relevance: This report provides direct quantitative EUl benchmarks for NECB 2017 compliant commercial archetypes
in Zone 6, allowing cross-checking of the US-to-Canadian IDF transformation outputs and supporting the 26% EUI gap
finding relative to the BTAP reference.
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