NRC Canadian Codes Centre

Energy Efficiency in Housing and Small Buildings

Performance Path

Mihailo Mihailovic

March 2013
i R C L
ROl ooy fovach Consslnatore Canada

Welcome. My name is Mihailo Mihailovic.

This presentation provides a general overview of the new performance compliance
path that has been added to Part 9 of the National Building Code of Canada (NBC)
2010. This is the first time that a compliance path using calculation/modeling methods
has been developed for this Code.



Introduction

» Presentation is part of a series of four

* Model code developed by Canadian Commission
on Building and Fire Codes

» National Building Code of Canada 2010 (NBC)
must be adopted by provincial/territorial
authorities to become law
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This is the fourth in a series of four presentations on the new energy efficiency

requirements for housing and small buildings that were recently incorporated into the
NBC 2010.

it is important to note that the NBC is a model code developed by the Canadian
Commission on Building and Fire Codes and must be adopted by provincial/territorial
authorities to become law. This may mean that code requirements enacted by
legislation within your province or territory might differ from what is presented here.
Please check with your local authority.



Outline

» Subsection structure

» Performance path concept
 Application

« Calculations

* Proposed house

» Reference house

* Reporting

» Software
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This presentation will look at:

* the overall structure of the subsection

* the performance path concept

* what the performance path applies to

* what is entailed in the calculation assumptions

* how the proposed house and reference house are addressed

* what is required for reporting the results from the performance calculations, and
* how software was integrated into the development of this performance path.




Subsection structure

* General
- 936.51. Scope andApplication
- 9.36.52. Definitions
- 9.36.5.3. Compliance
+ Calculation
- 936.54. Calculation Methods
- 9.36.55. Climatic Data
-~ 9.36.56. Building Envelope Calculations
- 936.57. HVAC System Calculations
- 936.58. Service WaterHeating System Calculations
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This slide provides a breakdown of the topics addressed in the performance subsection.

General requirements are covered under scope and application, definitions (which
addresses terms used within this subsection only) and general requirements.

The calculation group describes the calculation methods (which covers general
assumptions and loading requirements), climatic data to be used, and specific
calculation requirements for the building envelope, HVAC and service water heating
systems, for both the reference and the proposed house.



Subsection structure

* Proposed House
9. General Requirements for Modeling
10. Modeling Building Envelope
11. Modeling HVAC
12. Modeling Service Water Heating

* Reference House
13. General Requirements for Modeling
14. Modeling Building Envelope
15. Modeling HVAC
16. Modeling Service Water Heating
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Each of the proposed house and reference house requirements are broken down into
general requirements, building envelope, HVAC and service water heating systems.

These articles generally describe the requirements that are specific to the proposed
house and the reference house.



Performance path concept

 Prescriptive approach
— Building envelope
- HVAC & service water heating

— No trade-off across building envelope
and HVAC
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To understand the performance approach, it is important to understand the
prescriptive approach.

As is the case with much of Part 9, the prescriptive approach for the energy efficiency
requirements addresses each component, material and assembly separately and
provides different requirements for each one.

As explained in the building envelope presentation, it is important to note that there is
no trade-off between the building envelope and HVAC on the prescriptive side.



Performance path concept

* Reference house modeled as proposed house
using prescriptive path values (+ assumptions)

@
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To use the energy performance of a house for code compliance, a benchmark is
needed. This benchmark is called “the reference house”.

The reference house is a house that is modeled using the requirements from the
prescriptive path and the assumptions indicated in Subsection 9.36.5. The type, size
and design of the reference house are the same as that of the proposed house.

It should be noted that the terms “reference house” and “proposed house” are defined
in Subsection 9.36.5. under Article 9.36.5.2. Even though this subsection addresses
residential buildings other than houses, the terms differ from the reference building
and proposed building used in the National Energy Code of Canada for Buildings 2011.



Performance path concept

* Reference house modeled as proposed house
using prescriptive path values (+ assumptions)

* Proposed house modeled against reference result

@
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The input parameters for the proposed house are based on the design that would be
submitted to the authority having jurisdiction during the permit stage.

The proposed design could include use of advanced construction technologies with the
user securing a credit for increased energy efficiency via the performance path, while
the input parameters for the reference house are locked into the prescriptive values.



Performance path concept

* Reference house modeled as proposed house
using prescriptive path values (+ assumptions)

* Proposed house modeled against reference result
« If proposed house uses < energy = OK
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The performance path compares the simulated energy use of a proposed house design

to the energy used by an identical reference house designed to meet the prescriptive
provisions of the Code.

If the simulation shows that the proposed house uses the same amount of energy, or
less than that of the reference house, it is deemed to comply with the Code.

This opens the door for those wishing to lead the industry with new and more efficient
housing construction methods or systems.



Application

* Houses
* Houses with secondary suites

* Buildings containing only dwelling units
and common spaces < 20% floor area

» Cannot be applied to non-residential
occupancies or buildings
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The performance path can only be used for houses, houses with secondary suites, and
residential buildings containing only dwelling units and common spaces that are less
than or equal to 20% of the building’s floor area.

The performance path cannot be used for non-residential occupancies. However, those
building types falling under Part 9 will have the option of using the performance path
available in the National Energy Code for Buildings.
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Calculations - general articles

* Provide
— Guidance for calculation method (what included)
— Temperature set-points
— User-dependent load assumptions and exclusions
» Used for both proposed and reference houses

» Calculation method must be tested
to ASHRAE 140
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The general calculation articles provide guidance on what assumptions or set-points
must be used in the calculation method. Should the user wish to use a different form
of software or method, they must ensure that the calculation method follows these
requirements.

Some of these requirements would be temperature set-points, and user-dependent
load assumptions.

Once a form of calculation method is selected, it must be applied to both the proposed
and reference houses.

The user must also ensure that if a computer model is used, the software must have
been tested to the ASHRAE 140 Standard, “Evaluation of Building Energy Analysis

Computer Program”.

It should also be noted that the user is allowed to use non-computer methods, if they
so choose, as long as it meets the stated requirements.
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Calculations - summary

Prescriptive Performance Performance
Reference House Proposed House
FDWR Variable 17%-22% Actual
R-Values Wallsffloor/attic | Variable — depending on use | Fixed - no heat recovery | Actual
of heat recovery ventilator ventilator
U-values Windows Variable - ER ratings Fixed Actual
permitted
Solar Heat Gain Not defined Fixed (U value route, Actual (if SHGC not available —
Coefficient SHGC) use same as reference house)
Orientation Not defined Neutral (even distribution) | Actual
Airtightness Criteria Not defined, prescriptive Fixed (2.5 airchanges/hr | 3.2 ACH, 2.5 ACH (with
details (ACH)) details), or as tested
Ventilation rate Fixed (9.32) Fixed - Minimum rate by Actual - at least minimum rate
bedroom by bedroom
Ventilation volume Not defined 8 hrs operated 365 days 8 hrs operated 365 days
Heating efficiency Fixed Fixed (based on Actual
fuelappliance type)
Service Hot Water Fixed Fixed (based on fuel type) | Actual

—
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This table provides a summary of how each building component is addressed in the
prescriptive path, the reference house and the proposed house. Some specific
examples will be provided in upcoming slides.

Just quickly, however:

* R-values for walls/floors and attics in the prescriptive path are fixed as per Subsection
9.36.2. The reference house uses the same tables, but for the non-HRV values, while
the performance house is modeled as actual, from the drawings and specifications.

* Windows are done the same way, using the tables in Article 9.36.2.7., with the
proposed house being actual.

* The solar heat gain coefficient in the prescriptive path is not defined. The reference
house uses a fixed value and the proposed house uses the actual value or defaults to
the fixed value for the reference house.

* The orientation of the house is not defined in the prescriptive path. The reference
house uses a neutral setting where it is assumed that the windows are distributed
equally around all faces. The proposed house uses the actual design.

* The ventilation rate for the prescriptive path and the reference house is set according
to Section 9.32. and based on the number of bedrooms. The proposed house uses
the ventilation rate as designed for the actual house. Of course, the ventilation rate
cannot be less than that required by the Code elsewhere, for reasons other than
energy.

* The ventilation volume for the reference house and the proposed house are based on
an 8-hour operation schedule, 365 days a year.
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Calculations - windows and doors

Fenestration and Door to Wall Ratio (FDWR)

30%
Proposed House Reference House

17% —————>17%
>22% —>22%

25%

Between 17% to 22% ~ Same as proposed | 20%

15%

10% w=mReference House

«==Proposed House

5%

5% 10% 15% 20% 25% 30%
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With the Fenestration and Door to Wall Ratio (FDWR), the prescriptive path has no limit
to what can be used.

In the performance path, the proposed house is set to the actual design. The reference
house is then set to a value between 17% and 22%, depending on what the proposed
house has.

If the proposed house ratio is less than 17%, the reference house is set to 17%. If the
proposed ratio is greater than 22%, the reference house is set to 22%. If the proposed
ratio is between 17% and 22%, the reference house is set to the proposed value.

This is shown in the graph.

The result is that if the proposed house has a ratio of less than 17%, there will be a
credit for energy saved by having fewer windows. On the other hand, a proposed
house with a ratio of more than 22% will be penalized for having more windows, which
will result in more energy being lost through those windows.

13



Calculations - airtightness

» Reference house set to 2.5
air changes/hour (ACH)
* Proposed house:
— 3.2 ACH if built to NBC 9.25.
— 2.5ACH if built to NBC 9.25. and 9.36.2.10.
— As tested (value to be assumed for model)

Canadian Codes Centre —Performance Path ‘ 14

For airtightness, the reference house is set to 2.5 air changes per hour (ACH), on the
assumption that the prescriptive air barrier requirements detailed in Article 9.36.2.10.
are followed. These details look at specific areas that are known to cause air leakage,
such as electrical outlets, joints between assembly types, and various types of
penetration.

The proposed house can be set to 3.2 ACH if no additional effort is made to follow the
prescriptive air barrier details, which means that the house is built to the requirements
in Section 9.25. of the NBC.

Alternatively, it can be set to 2.5 ACH if the prescriptive air barrier details are followed.
This may, however, require an additional administrative process.

A third option is to test the proposed house for airtightness using a blower door test.
Obviously, this value would have to be assumed during the modeling of the design until
the actual value can be verified when the house is tested at the end.

It should be noted that if the tested value ends up being greater than what was
assumed in the calculations, the energy model may have to be redone to see if the
measured value is enough to meet Code compliance. Otherwise, additional repairs will
have to be made to various details and the house retested to confirm the design value.
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Proposed house

* Building envelope

— Orientation of actual house can differ 22.5 degrees
from design

* HVAC

— Heat recovery ventilator performance
limited to sensible heat

» Service Water Heating

— Calculation of drain-water heat recovery
permitted but with limitations
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Where the reference and proposed house are permitted to be different, the Code provides
more specific requirements for the energy model calculation with respect to the building
envelope characteristics of the proposed house design.

Default values are provided for certain criteria to simplify the calculation and remain consistent
with what will be used for the reference house.

One example in the building envelope section is the orientation of the proposed house.

With respect to foundation orientation, the construction of the actual house, as built, is
permitted to be within 22.5 degrees of the orientation used in the energy model calculation of
the proposed house. This tolerance allows for slight variations in site conditions that would
prevent the actual house from being constructed as shown in the permit drawings.

When there is a heat-recovery ventilator (HRV) installed in the proposed house, one of the
limitations is that the calculation only accounts for the recovery of sensible heat and not latent
heat (humidity). This still allows an energy efficiency credit for better HRV performance, but
does not give credit for the potential additional savings from energy recovery ventilators
(ERVs).

Drain-water recovery systems can be used in the energy model calculations, but certain default
values are required in the calculation. The drain-water recovery system must be modelled in

the exact configuration as the proposed installation. This is because variations in the installation
configuration may significantly affect the system’s true benefit in the energy model calculation.
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Reference house

« HVAC

— Set to prescriptive requirements for same
equipment type and fuel as proposed house

— Set to gas warm-air furnace at 92% AFUE
if proposed equipment not listed in prescriptive path
» Service Water Heating

— Set to prescriptive requirements for proposed
storage type and fuel

— Set to gas storage type if proposed equipment
not listed in prescriptive path
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The requirements specific to the reference house fix the calculation values to be used in
the model for the reference house. This allow the possibility of energy saving credits when
using more energy efficient HVAC equipment in the proposed house.

For heating and ventilating equipment, this means that the equipment in the reference
house would match the type and fuel of the equipment used in the proposed house.
However, the reference house calculation would use the value of the energy efficiency
rating of requirements in the prescriptive path.

For example, if the proposed house will use a gas furnace, the reference house uses the
gas furnace with the rating from the prescriptive tables in Article 9.36.3.10., which is
currently set at 92% AFUE. If the proposed house will use a 98% furnace, the increased
energy saving becomes a credit within the performance path. If the equipment is not
listed in the table, a gas furnace at 92% AFUE is assumed.

Service water heating systems are handled slightly different in that the fuel type is
matched, but the reference house uses the prescriptive storage tank heaters for the same
fuel as planned for the proposed house.

For example, if the proposed house was to use a gas-fired water tank or a gas-fired boiler,
the reference house would use the prescriptive gas-fired water tank in Table 9.36.4.2.
Again, if the equipment is not listed in the table, a gas storage type heater will be used.
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Reporting (Division C)

* Reporting requirements apply only to Subsection 9.36.5.
— Requires drawings and specifications for the proposed house

— Requires report for each house design
» Project information

» Summary of building envelope, HVAC and service water heating
characteristics

+ Energy performance data summary
+ Software name, version and adaptations where applicable
« Statement that the calculations meet requirements in 9.36.5.

* Provides guidance for authorities having jurisdiction
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Together with the performance path in Part 9, there comes a set of model
administrative provisions to help authorities having jurisdiction during the permit
process. The reporting requirements are spelled out in Division C, Subsection 2.2.8.

These provisions require a report that includes the results of the energy performance
compliance calculation, as well as sufficient information to allow comparison with the
permit drawings and specifications.

A report for each house design is required that provides typical project information, a
summary of the building envelope, HVAC and service water heating characteristics, the
energy performance data summary and, if software is used, the software name, version
and any adaptations used. The report should also include a statement saying that the

calculations were carried out in accordance with the requirements in Subsection 9.36.5.

These reporting requirements provide guidance for the authorities having jurisdiction.
The simulation and related reports could be prepared by anyone with experience in
energy simulation analysis.
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Software

* NBC cannot reference a specific software/calculation tool
— Considered administrative requirement

* ERS and its software (HOT2000) is one tool
— Allows demonstrating compliance with performance path
— Addresses building envelope, HVAC and service water heating

— Addresses otherissues (fuel source including renewables,
plug loads)

* NRCan, CCBFC and NRC collaborated to make sure
HOT2000 could be used for code compliance
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As the National Building Code cannot reference specific software or calculation tools, it
was important that the energy requirements were developed in line with what typical
software programs were capable of doing.

The Commission and NRC worked with Natural Resources Canada to ensure that
HOT2000 could be used as an acceptable tool for compliance without specifying it as
the only possible solution.

It should also be noted that at no time is a rating number (for example ERS 80) ever
indicated in the energy provisions. Ratings are deemed to be an administrative
requirement and the provinces and territories have specifically asked for this to be
avoided.
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Questions?

www.nationalcodes.nrc.gc.ca

Thank you
ROl ooy fovach Consslnatore Canada

This concludes the presentation on the new performance path for the energy efficiency
requirements for housing and small buildings. Should you have any questions, please
do not hesitate to contact us. Thank you.
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