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Welcome.
My name is Elisabeth Girgis.

This presentation focuses on Part 5 of the 2011 National Energy Code of 
Canada for Buildings (NECB), which addresses heating, ventilating and air-
conditioning.



This presentation is part of a series of seven on the 2011 NECB.

It is important to note that the NECB 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 means that Code requirements enacted by legislation within your province or 
territory might differ from what is presented here. Please check with your local 
authority.
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This presentation reviews scope and compliance options, as well as the prescriptive 
requirements,  with a focus on equipment, ventilation, piping and pumping systems, 
and controls. The newly introduced trade-off and limitations to the performance path 
will then be discussed.
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Let’s start with the scope and compliance options.



Part 5 of the NECB addresses heating, ventilating and air-conditioning (HVAC) systems
and is concerned with HVAC equipment, the controls and components forming part of 
an HVAC system, and the interfaces between them.  

This scope includes:
• equipment sizing
• equipment efficiency
• air distribution systems
• fan system design
• air intake and outlet dampers
• piping insulation
• pumping system energy use
• temperature control
• heat recovery, and
• shut-off and set-back controls.
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Part 5 offers three compliance options within the acceptable solutions, as indicated in 
this flow chart.

First, there is the simple prescriptive path, which is like a recipe for compliance:  “To 
comply with the NECB HVAC requirements, simply do x and y.”

Second, there is the newly introduced trade-off path, which considers HVAC system 
efficiency as a whole and provides more flexibility than the prescriptive requirements.  
Use of the trade-off option in Part 5 is restricted to HVAC systems only. No trading is 
permitted with other building parameters like lighting or envelope components.

To accomplish trading between NECB Parts, the third option – the performance 
compliance route – must be used. In the performance path, a whole reference 
building built according to the prescriptive path requirements is compared to the 
proposed building built according to the performance path provisions
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We’ll start with the prescriptive requirements for equipment.
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The minimum energy performance efficiencies of HVAC equipment are provided in the 
prescriptive requirements.  The equipment covered includes boilers, furnaces, air 
conditioners heat pumps and water chillers.

For each, the equipment’s fuel source and capacity are considered in the performance 
required, as well as the standard to which the efficiency must be measured.  
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For the most part, the NECB’s minimum equipment efficiencies have been set to current practice 
based on the median of sales information.  A review of equipment sales was completed and 
equipment efficiency at the sales median was determined.  The prescriptive requirement was set to 
efficiency at this median level.  The performance requirement values are contained in one table in 
Part 5.  

In certain cases such as with cooling equipment, if a technical jump was required or insufficient 
Canadian sales information was available, the requirements were set to the level of the Energy 
Efficiency Act (EEA) regulation. 

The NECB prescriptive requirement is higher than the EEA regulations and implies that if the simple 
prescriptive path is used, a design is not considered Code-compliant if it selects equipment with 
efficiencies below the NECB requirements.  The reduction of equipment efficiencies to the minimum 
level set by the EEA regulations is permitted when using either the full building performance path or 
the newly introduced trade-off path.
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There are also requirements in Part 5 relating to other equipment characteristics that 
affect performance.

The NECB requires equipment to be properly sized in accordance with the NBC 
requirement.  The NECB energy use objective helps ensure that the equipment is 
neither under- or over-sized, each of which could result in inefficient equipment use or 
operation.

Performance requirements are also included for: 
• Field-assembled equipment 
• Service water heating equipment that is also used for space heating
• Equipment installed outdoors
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The next prescriptive portion covers the ventilation system requirements, including 
those relating to heat recovery.
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Ventilation systems distribute air using both supply and return air ducts.

Part 5 requires that air distribution systems have a means to permit their balancing.

Ducts must also be sealed and air leakage tested.  The leakage testing requirement is 
based on operating static pressure. 

Exemptions are provided for return ducts in conditioned spaces and for supply ducts 
occurring after a control element.
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The duct and plenum insulation Code requirements are based on the difference at 
design conditions between the temperature in the space within which the duct is 
located and the temperature of the air carried in the duct.  

If a duct is used to carry both heated and cooled air, the largest temperature 
difference is to be used to determine the insulation required.
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Large commercial buildings generally require cooling even during cool or cold 
weather.. 

Ventilation with outdoor air can be used to provide a cooling function. Part 5 requires 
that HVAC systems with mechanical cooling capacities larger than 20 kW and air 
handlers greater than 1500 L/s be equipped with a means to cool with outdoor air.  

HVAC systems in dwelling units and hotel and motel rooms are exempted from this 
requirement.
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There are two general types of economizers: air and water.

If  an air economizer is selected to meet the requirement for cooling with outdoor air, it 
must be capable of mixing 100% outside air with the return air.  Staging of mechanical 
cooling is also required based on capacity.  

Water economizers use outdoor air to cool water, which then cools supply air via a 
cooling coil.  If a water economizer is selected to meet the requirement for cooling with 
outdoor air, it must be capable of providing 100% of the cooling load based on outdoor 
air temperature.  
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Part 5 includes power demand restrictions on fan operation.  

For systems that deliver a constant air volume, there is a 1.6 W per L/s power demand 
restriction on fans that deliver supply air to the conditioned space.

For systems that vary the amount of air circulated in response to heating and cooling 
loads (i.e. variable-air-volume systems), the allowable power demand is set higher at 
2.65 W per L/s, but controls must be incorporated to reduce power demand as a 
function of flow.  In these systems, as detailed on the slide, the required reduction in 
wattage as a function of flow is dependant on the system’s demand.
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Dampers modulate air flow through ducts.   

The NECB requires motorized dampers for outdoor air intakes and for ducts or 
openings discharging air to the outdoors to allow changes to be made in response to 
the conditions in an area.  

Exemptions are provided for applications where:
• dampers are not permitted
• continuous airflow is required, and
• duct opening is less than 0.08 m2, in which case it may be manually controlled.

Additionally, in the closed position, the damper cannot permit a flow greater than 15 
L/s.
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It is desirable to recover heat from building exhaust airstreams when the exhaust air is 
clean and it is safe to do so.  However, recovery is not economical for small airflow 
amounts due to the inherent cost of installing the heat-recovery apparatus. 

The NECB requires heat-recovery capability on systems when the sensible heat 
content of an exhaust is greater than 150 kW. 

The heat-recovery apparatus must be able to recover 50% of the recoverable sensible 
heat as determined by the AHRI 1060 test method.

An exemption is provided for specialized exhaust systems because the air stream may 
not be clean or use of a heat recovery apparatus may be unsafe. 

Although latent heat (or humidity) is not included in the heat content calculation, 
energy-recovery ventilators are permitted to be used to meet the NECB’s heat-
recovery requirements.
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In multi-unit residential buildings, air is typically exhausted by either central exhausts 
or self-contained ventilation systems. If the flow from a central exhaust is greater than 
150 kW, the requirement previously discussed must be followed.   

There is an exemption on heat recovery for climatic zones 4, 5 and 6, which represent 
the warmest zones in the country.

This requirement for heat recovery applies only to the principal exhaust, not the 
exhausts for kitchen hoods or bathrooms. A heat-recovery apparatus used for a 
dwelling unit must be able to recover 50% of the sensible heat.  Although humidity is 
not included in the heat content calculation, an energy-recovery ventilator is 
permitted to be used to meet the NECB’s heat-recovery requirement.    

19



As was discussed in the overview presentation, the NECB is generally silent on process 
loads. Two exceptions are swimming pools and ice surfaces (arenas or curling rinks), 
which were also covered in the MNECB.  

Swimming pools in conditioned spaces often exhaust air to remove humidity from the 
area.  The NECB requires 40% sensible heat recovery from the exhaust air of spaces 
containing pools with a surface area greater than 10 m2.  An exemption is permitted 
where a dehumidification system provides 80% of dehumidification that would be 
accomplished by an exhaust system.

Ice arenas and curling rinks with a heating load elsewhere in the building are required 
to recover heat from the refrigeration system.  The NECB provisions allow the use of 
this recovered heat for space heating or service water heating.
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The next prescriptive portion discussed will be the piping and pumping systems.
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HVAC systems use pipes to convey steam, condensate, hot water, chilled water, brine, 
and refrigerant.  

Balanced systems deliver the correct amount of flow to the intended end use so that 
pumps don’t operate unnecessarily, which saves energy. Part 5 requires that hydronic
systems be designed so they can be balanced. 

Part 5 also contains piping insulation requirements based on operating temperature of 
fluid, insulating material conductivity and pipe diameter.

HVAC piping systems installed outdoors must be insulated to the same level as piping 
with an operating temperature > 177°C.
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Fluids in pipes are moved with pumps.  

For variable-flow pumping system applications with a total pump system power, or 
nameplate power, greater than 7.5 kW, the systems must be able to reduce flow by 
50% or less.  

The NECB allows an exemption if the system requires greater than 50% flow for proper 
operation, such as is the case with some chillers and boilers. There are also 
exemptions for systems:
• with a single control valve, or
• with a fluid supply temperature reset based on either outdoor temperature or 

system loads.
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The next prescriptive portion discussed will be temperature control.

This portion covers many HVAC system elements, each of which will only be discussed 
briefly.
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Temperature control is required at various points in the HVAC system.  The most 
obvious need for temperature control is for comfort in a space.

Part 5 includes the thermostat installation requirements as shown on the slide. 

Exemptions to these requirements are provided for barrier-free and stratified 
ventilation applications.

Part 5 also requires one automatic space temperature control per system and that it 
be accurate to within 1°C. 
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Part 5 requires independent perimeter systems to have one control per building 
orientation of 15 m or longer.  It also requires the heating and cooling supply to be 
controlled by thermostats within the conditioned zone. 

Part 5 requires at least one thermostat per dwelling unit. A manual or automatic 
control must be provided to reduce the heating load and, if a cooling system exists, a 
control capable of reducing the cooling load as well.
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The  CSA standard for electric resistance heaters has been changed from C273.4 to 
C828, which reflects newer technologies.  This change in the referenced standard 
meant that the prior MNECB requirement for remotely mounted controls could be 
removed.  Technology is now available with accurate sensors located within the unit.  
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Controls are required on ice and snow melt heaters to allow them to be shut down 
when not required.

A completely new NECB provision addresses vestibule overheating by requiring the 
installation of a control device capable of limiting the maximum temperature in 
vestibules to 15°C.
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When cooling systems were developed in the 1950s and 60s, precise temperature 
control was of primary concern and energy use was often a minor consideration. 

System designs from this era include constant-volume reheat systems that reheat cold 
supply air, perimeter induction systems that re-cool warm supply air or dual-duct 
systems that mix hot and cold air.  To reduce energy waste from the use of these 
system types, the NECB includes requirements for controls to reheat, re-cool and mix 
heated and cooled supply air.  
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The heating capacity of air-source heat pumps decreases as outside air temperature 
falls.  To provide enough heating capacity when outdoor temperatures drop, a 
supplementary heater is typically installed to augment the heat output from the heat 
pump. There is  a requirement to install controls that only trigger the supplementary 
heating system when the heating load cannot be met by the heat pump.

Defrost cycles are exempt from the requirement.

An appendix note is provided that clarifies that “supplementary” applies to heating 
load above peak load.  
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The next prescriptive portion discussed will be shut-off and set-back controls.
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Systems serving dwelling units and areas not intended to operate continuously that 
have a heating or cooling capacity requirement greater that 5 kW must have set-back 
or shut-down controls for periods of non-use.

Seasonal shut-down controls are also required on pumping systems.
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Commercial and institutional buildings often have assembly or meeting rooms that are 
only intermittently occupied.  To address these periods of non-use, air distribution 
controls are required to allow the stoppage or reduction of airflow.  Each air 
distribution system serving multiple temperature-control zones is required to have 
airflow control areas no greater than 2500 m2.  

The requirement for control areas applies to both supply and exhaust airflow.  The 
importance of exhaust airflow control increases with the use of heat recovery.
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The efficiency of different types of HVAC equipment varies based on % of load that is 
used at a given point in time.

Therefore:
• staging is required for moderately sized boilers (176 kW), and
• full modulation is required for large boilers (352 kW).
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This next portion of the presentation discusses the trade-off path.
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The trade-off path for HVAC is entirely new.  This innovative approach to compliance 
allows mechanical designers to evaluate the overall performance of their system 
design.  Unlike the full building performance path of Part 8, the HVAC system trade-off 
path allows evaluation of compliance without full building envelope or lighting design 
information.   

The trade-off path is based on the concept that a system’s overall or total efficiency 
will be dependant on the components used and takes these into consideration.   For 
example, the efficiency of heating ventilation air can be traded against how that air is 
delivered to a space.  Considering the efficiency of the system as a whole, rather than 
of individual components, is an exciting change for HVAC designers.

This approach to system efficiency is new to building codes in North America and 
around the world.
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Because the trade-off path considers the HVAC system as a whole, improvement in 
one part of the system is allowed to compensate for another component that doesn’t 
meet the prescriptive requirement. This permits greater design flexibility.

The total efficiency of the proposed system needs to be greater or equal to (in other 
words consume less energy) than the total efficiency of the reference system.  The 
reference system models the prescriptive requirements.
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The trade-off path uses a system-to-same-system comparison.

27 typical system types, such as constant-volume reheat and packaged variable 
volume, are included in the Code.

Depending on the system, up to 32 components, such as heat source generator 
efficiency, heat-recovery system efficiency, return fan motor efficiency, piping 
insulation and pressure losses, can be traded, thus allowing small adjustments to the 
characteristics of the HVAC system to be made without having to follow the full 
performance path.
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The general equation used to determine compliance using the trade-off path is shown 
here.  Look-up tables are provided in the Code to help determine which components 
are to be included.  Although the calculations can be completed by hand, it is likely 
that a computer spreadsheet will be used.  

Once calculated, the trade-off index established must be greater than 0 in order to 
demonstrate compliance.
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The 1st term in the equation is for the proposed building.

The 2nd term is for the base value from the prescriptive requirements.

The alpha, beta and gammas are weighting factors whose values for each component 
and system are listed in the look-up tables in the Code.
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This slide shows a typical look-up table listing the weighting factor per component.  
The case shown is for a built-up variable volume system. 

The first column lists the components.

The second one indicates whether the component is dependant on heating degree-
days (HDD), cooling degrees-days (CDD) or both (TDD).  

The remainder of the columns provide weighting factors to be entered in the general 
equation on the previous slide.

These factors were determined using detailed simulations. 

After entering these values in the general equation shown earlier, the trade-off index 
is established and must be greater than 0 to show compliance.
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Since the trade-off path is meant to allow small adjustments only, it contains certain 
limitations.

• The HVAC system must use one of the traditional energy sources: natural gas, 
propane, oil or electricity.

• Back-up equipment must meet the prescriptive requirements.

• The HVAC system type must also be one of the 27 typical types for which the 
trade-off path coefficients were determined.  

In developing the trade-off path, a peer review was carried out for all trade-off 
coefficients. 
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The last compliance option for HVAC in the NECB’s acceptable solutions is the 
performance path.  A detailed presentation on performance is provided separately.  
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If designers choose to use the performance path to achieve Code compliance, or if 
they are obligated to because the building does not meet the simple prescriptive or 
trade-off HVAC paths, they must observe the following limitations.

• All equipment must meet federal, provincial or territorial acts, including the Energy 
Efficiency Act regulations.

• Back-up equipment must comply with the prescriptive requirements.
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This concludes the presentation on Part 5 of the NECB, Heating, Ventilating and Air-
conditioning Systems.
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