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specifying wall clear-field transmittances to compensate 

for major thermal bridges 
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Abstract. According to the prescriptive requirements of the 2020 edition of the 

National Energy Code of Canada for Buildings (NECB), each building envelope 

component is required to achieve a maximum area-weighted effective thermal 

transmittance (𝑈𝑡), which includes the impact of major thermal bridges. This ap-

proach differs from how other international standards, such as ASHRAE 90.1-

2022, regulate thermal bridging, which may cause confusion for building profes-

sionals. Thus, this study aims to provide Canadian building professionals with a 

practical reference for determining the initial clear-field thermal transmittance 

(𝑈𝑜) required to comply with NECB 2020 requirements. Using a simulation-

based approach, the study identifies the 𝑈𝑜 values necessary for wall assemblies 

to compensate major thermal bridging. Fourteen distinct commercial building ar-

chetypes were analyzed, with simulations conducted across each of the Canadian 

climate zones. Various façade layouts were examined by altering vertical fenes-

tration and door area to gross wall area ratios (FDWR). Additionally, different 

thermal bridging design options—categorized as "poor," "regular," and "effi-

cient" performance—were evaluated to understand their impact on the required 

clear-field transmittance. The findings indicate that in the coldest Canadian cli-

mate zones, the majority of buildings will have difficulty meeting the envelope 

prescriptive requirements of the NECB as there are no physical and cost-effective 

solutions to achieve the required clear-field thermal transmittance values to com-

pensate for thermal bridging. 
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1 Introduction 

Traditionally, building codes and standards have focused on reducing the energy de-

mand for heating and cooling by progressively increasing the thermal insulation re-

quirements for opaque building elements. In the past, these requirements generally 

omitted the heat transfer through major thermal bridges since it was considered that 

their impact was minor, or thermal bridges were simply ignored due to the difficulty of 

assessing their impact. However, the high insulation levels imposed by building code 

requirements over the last decade, have increased the importance of taking into account 

the amount of heat that is transferred through thermal bridges [1]. 
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Thermal bridges are “parts of the building envelope where the otherwise uniform 

thermal resistance is significantly changed by full or partial penetration of the building 

envelope by materials with a different thermal conductivity, and/or a change in thick-

ness of the fabric, and/or a difference between internal and external areas, such as occur 

at wall/floor/ceiling junctions” [2]. This study is mainly focused on evaluating the im-

pact of major thermal bridges, which are related to a surface’s geometry and shared 

edges with neighboring surfaces (e.g., along roof parapets, slab perimeters, cantilevered 

balconies). Major thermal bridges are divided into two main categories, i.e., linear ther-

mal bridges (commonly annotated using the Greek letter Psi [𝛹] – units in W/K per 

meter) and point thermal bridges (commonly annotated using the Greek letter Chi [𝜒] 

– units in W/K per point).  

Several studies demonstrate that thermal bridges can significantly increase the heat 

transfer through opaque building elements. For example, studies suggest that if the im-

pact of thermal bridges in a building is disregarded, the total heat flow through walls 

can be underestimated by 20 to 70% [3]. This would result in higher heating loads, a 

higher risk of condensation on cold surfaces, and it can even affect occupant thermal 

comfort [4]. 

Taking the above into account, modern building codes or standards have included 

requirements aimed at reducing the impact of thermal bridges and providing a more 

accurate estimation of the heat transfer through opaque building elements. The require-

ments that have generally been added to regulate heat transfer through thermal bridges 

focus on providing minimum requirements that different types of thermal bridges must 

meet (e.g., not exceeding the Psi and Chi factors for different types of thermal bridges) 

or on imposing the calculation of the clear-field thermal transmittance (𝑈𝑜) that an 

opaque element must have to compensate for the impact of thermal bridges. The first 

case, which is applied in standards such as ASHRAE 90.1-2022, is the most common 

and requires the calculation of the derated construction transmittance (𝑈𝑡) from the mit-

igated Psi and Chi factors included in the standard (a process known as 'derating'). The 

second case, which is less common, is used in the 2017 and 2020 versions of the NECB.  

According to the prescriptive requirements of the NECB 2020 edition [5], building 

professionals in Canada are required to achieve a maximum area-weighted average 𝑈𝑡 

(which includes linear and point conductances) for each building envelope component. 

In practice, this implies that designers must determine the initial 𝑈𝑜 that is required to 

accommodate the effects of thermal bridging, which may not be a straightforward pro-

cess. Thus, the goal of this study is to provide a quick reference to Canadian building 

professionals that are unsure of what initial clear-field 𝑈𝑜 factor they should start off 

with in order to comply with NECB 2020 prescriptive requirements.  

2 Methodology 

A simulation-based methodology was employed to determine the 𝑈𝑜 values that wall 

assemblies need to achieve to compensate for major thermal bridging. In order to define 

different façade layouts, a total of fourteen different commercial building archetypes, 

compliant with the 2020 edition of the NECB, were selected for the analysis. 
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Simulations were carried out in six different locations representing each of the Cana-

dian climate zones. The selected building archetypes and locations are summarized in 

Table 1.  

Table 1. Building archetypes and selected locations with the corresponding climate zone, re-

quired overall thermal transmittance of wall assemblies and FDWR. 

Building archetypes Location 
Climate 

zone 

Overall thermal 

transmittance of 

wall assemblies 

Ut (W/m2K) 

FDWR (%) 

Max. Min. 

Full-service restaurant, High-rise 

apartments, Hospital, Large ho-

tel, Mid-rise apartments, Outpa-

tient, Primary school, Quick ser-

vice restaurant, Retail 

standalone, Retail strip mall, 

Secondary school, Small hotel, 

Small office, Warehouse 

Vancouver, BC CZ4 0.29 40 20 

Toronto, ON CZ5 0.265 40 20 

Montreal. QC CZ6 0.24 37 20 

Calgary, AB CZ7A 0.215 33 20 

Whitehorse, YT CZ7B 0.19 23 20 

Yellowknife, NT CZ8 0.165 20 15 

In order to vary the façade layout, which is one of the aspects that most influences the 

magnitude of major thermal bridges, two different vertical fenestration and door area 

to gross wall area ratios (FDWR) were used for buildings in each location (see Table 

1), i.e., the maximum allowable FDWR according to NECB 2020 for each location, and 

a FDWR value representing a lower limit (20% for buildings located in climate zones 

4 to 7b, and 15% for buildings in climate zone 8, which has a maximum allowable 

FDWR of 20%). Additionally, different thermal bridging design choices were consid-

ered including Psi-factors representing poor, regular, and efficient performance from 

the Building Envelope Thermal Bridging Guide (BETBG) [3]. The thermal bridging 

Psi-Factors that were used for estimating heat flow through thermal bridges are shown 

in Table 2. 

The simplified approach outlined in BETBG [3], as well as ISO 10211 [2] and 14683 

[6] Standards was used to estimate heat flows through thermal bridges. According to 

these guidelines/standards, the overall thermal transmittance for building envelope as-

semblies that include the impact of major thermal bridges can be calculated using Equa-

tion (1) as follows: 

 

                                                𝑈𝑡 = 𝑈𝑜 +
∑(𝛹∙𝐿)

𝐴
+

∑(𝜒∙𝑛)

𝐴
                                            (1) 

 

Where 𝑈𝑡 is the total effective assembly thermal transmittance (in W/m2·°K or 

Btu/hr·ft2·°F), 𝑈𝑜 is the clear-field thermal transmittance (in W/m2·°K or Btu/hr·ft2·°F), 

𝐴 is the opaque surface area (in m2 or ft2), 𝛹 or Psi-factor is the heat flow from linear 

thermal bridges (in W/m·°K or Btu/hr·ft·°F), 𝐿 is the length of linear thermal bridges 

(in m or ft), 𝜒 or Chi-factor is the heat flow from point thermal bridges (in W/°K or 

Btu/hr·°F), and 𝑛 is the number of similar point thermal bridges.  

To comply with NECB 2020 prescriptive requirements, building envelope assem-

blies need to achieve a maximum, area-weighted total effective assembly thermal 
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transmittance (𝑈𝑡) that includes the impact of major thermal bridging (see values in 

Table 1). This requires building professionals to define initial 𝑈𝑜 values to compensate 

for major thermal bridging, based on façade layouts and thermal bridging design 

choices. In this study, this is accomplished by using the ‘uprating’ feature of the Ther-

mal Bridging & Derating (TBD) measure [7]. TBD offers designers the option of first 

autogenerating required clear-field 𝑈𝑜 factors (a process called ‘uprating’) to meet a 

given target, by reordering the above equation (see Equation 2). 

                                                       𝑈𝑜 = 𝑈𝑡 −
∑(𝛹∙𝐿)

𝐴
−

∑(𝜒∙𝑛)

𝐴
                                                  (2) 

Table 2. Thermal bridging Psi-Factors for thermal bridges. Values sourced from BETBG [3]. 

Thermal bridge type 

Psi-Factor (W/m·K) 

Poor 

(BETBG) 

Regular 

(BETBG) 

Efficient 

(BETBG) 

Intermediate floor to wall intersection 1.000 0.500 0.200 

Parapet 0.800 0.450 0.200 

Wall to vertical fenestration intersection 0.500 0.350 0.200 

Opaque door perimeter 0.500 0.350 0.200 

Skylight perimeter 0.500 0.350 0.200 

Opaque wall/spandrel edge 0.155 0.155 0.155 

Angled wall/wall edge 0.850 0.450 0.200 

Intermediate floor balcony/overhang to opaque 

wall intersection/door edge 
1.000 0.500 0.200 

Intermediate floor balcony in contact with verti-

cal fenestration 
1.000 0.500 0.200 

Demising wall (or floor, or roof) edge 0.850 0.450 0.200 

Slab-on-grade/foundation wall edge 0.850 0.450 0.200 

Cladding support 0.300 0.200 0.100 

3 Results and discussion 

Figures 1 and 2 show the area-weighted total effective thermal transmittance (𝑈𝑡) (that 

includes the impact of major thermal bridges) that walls above-ground must have in 

each climate zone according to the 2020 edition of the NECB (see the case with the 

highest thermal transmittance value in each graph, i.e., the black marker), and the re-

quired clear-field thermal resistance values (𝑅𝑜) that must be specified to compensate 

for the effects of thermal bridges (uprated values). In each graph, a vertical red dashed 

line is also shown, representing the most aggressive thermal resistance level currently 

used in the building industry, corresponding to Passive House requirements for cold 

climates. Any value above this limit could be considered economically unfeasible, as it 

wouldn’t be cost-effective during the lifespan of the insulation component. Results are 

organized by building type, linear thermal bridging details, and FDWR. While thermal 

transmittance units are in SI, thermal resistance is specified in IP units, following build-

ing industry convention. 
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Fig. 1. Scatter plot showing the relation between wall thermal transmittance and its associated 

thermal resistance. The graph shows the required 𝑅𝑜 that must be specified to compensate 

for major thermal bridges and achieve the required 𝑈𝑡 in climate zones 4 to 6. 

In general, Figure 1 shows that cases with lower FDWR and efficient linear thermal 

bridging details require a lower 𝑅𝑜. This means that for the same building type, larger 

round markers ‘o’ (indicating lower FDWR and better performing thermal bridging 

details) will always be to the left of the smaller 'x' markers (representing higher FDWR 

and poorer performing thermal bridging details). Figure 1 also reveals that in climate 

zones 4, 5, and 6, only a few cases can meet the prescriptive requirements of the NECB 

without exceeding the Passive House thermal resistance levels. The only buildings gen-

erally below this limit are those with a large wall area (i.e., warehouses, retail buildings, 

and large hotels) and efficient linear thermal bridging details. Buildings with the small-

est wall areas (i.e., small offices and restaurants) do not even appear in the graphs as 

the required 𝑅𝑜 exceeds limits considered to be technically feasible (insulation thick-

ness greater than three meters or even infinite insulation). Other building types (i.e., 

high-rise apartments, outpatient buildings, and small hotels) require thermal resistance 

values greater than R-50 (which is not cost-effective), even when using low FDWR and 

efficient thermal bridging details.  
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Fig. 2. Scatter plot showing the relation between wall thermal transmittance and its associated 

thermal resistance. The graph shows the required 𝑅𝑜 that must be specified to compensate for 

major thermal bridges and achieve the required 𝑈𝑡 in climate zones 7A to 8. 

Figure 2 shows that almost all of the buildings considered in this study may face tech-

nical challenges in meeting the more stringent effective thermal transmittance values 

of the NECB, which are applicable in the coldest climate zones (i.e., climate zones 7A, 

7B and 8). It can be observed that the only buildings capable of meeting the NECB 

requirements are those with efficient linear thermal bridging details (i.e., with the low-

est Psi-factors) and with a large wall area (such as warehouses and retail buildings). 

However, these buildings will require a 𝑅𝑜 greater than 50 hr·ft2·F/Btu, which is not 

cost-effective. 

Figure 3 shows a boxplot of the percentage reduction of wall thermal transmittance 

when comparing the wall 𝑈𝑡 values from NECB with the 𝑈𝑜values that are required to 

compensate thermal bridging (uprated values). As previously noted, most building lo-

cated in the coldest climate zones (7A, 7B and 8) will have challenges in meeting the 

envelope prescriptive requirements of the NECB. As can be seen in Figure 3, the only 

building types that would be able to meet the NECB requirements in the coldest climate 

zones are warehouses, retail buildings, and large hotels, which generally have more 
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wall area to accommodate the effects of thermal bridging (wall heights above 4 m.). In 

all the other building types designers won’t be able to mitigate thermal bridging as there 

are no physical or cost-effective solutions to achieve the required 𝑈𝑜 (e.g., it would 

require having an infinite insulation). 

 

Fig. 3. Boxplot of the percentage reduction of wall thermal transmittance when comparing the 

wall 𝑈𝑡 values from NECB with the 𝑈𝑜 values that are required to compensate thermal bridging. 

The results depicted in Figure 3 also reveal that even in climate zones with the least 

restrictive thermal transmittance requirements (i.e., climate zones 4 to 6), several build-

ing types face challenges in achieving the required 𝑈𝑡 values. Specifically, small hotels, 

high-rise apartments, and outpatient buildings exhibit a high percentage reduction in 

thermal transmittance (i.e., a median value exceeding 80%), indicating that these types 

of buildings will require 𝑅𝑜 values higher than R-50 to comply. 

Conversely, buildings with larger wall areas will have more flexibility to meet the 

NECB envelope prescriptive requirements, especially in climate zones with the least 

restrictive thermal transmittance requirements. The results show that these buildings 

will have a high variability in the percentage reduction of thermal transmittance in all 

climate zones. In such buildings, the percentage reduction of thermal transmittance de-

pends on the linear thermal bridging details and the FDWR. Based on observations 

from Figures 1 and 2, it can be inferred that the lowest reduction percentages correspond 

to cases employing efficient linear thermal bridging details and lowest FDWR. Con-

versely, the highest reduction percentages correspond to cases employing regular linear 

thermal bridging details and the maximum FDWR allowed by the NECB for each cli-

mate zone.  
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4 Conclusions 

The main conclusion of this study is that in the coldest Canadian climate zones, the 

majority of buildings will not be able to meet the envelope prescriptive requirements of 

the NECB. This means that designers won’t be able to specify construction details to 

mitigate thermal bridging, as there are no physical or cost-effective solutions to achieve 

the 𝑈𝑜 values required to compensate for thermal bridging. This might be the main rea-

son why some Canadian provinces, such as British Columbia and Quebec, have estab-

lished alternative routes to regulate major thermal bridging in both the prescriptive and 

performance compliance paths of their own building codes. Thus, the required 𝑈𝑡 values 

from the NECB might need to be revised to factor in major thermal bridges, especially 

in the coldest Canadian climate zones. The results of this study will be used to support 

submitting a code change request to this effect. 

Canadian building professionals can use the results presented in the figures of this 

study to quickly estimate the initial clear-field thermal transmittance (𝑈𝑜) required for 

above-grade walls to comply with NECB 2020 prescriptive requirements. 
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