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Abstract 

Orion is a high-performance three-storey low-rise wood-

frame construction multi-unit residential building located 

in Pemberton, British Columbia, Canada. The purpose of 

this project is to identify the relationship between the 

exterior insulation’s thickness and the heating and 

cooling energy usage of the high performance building. 
Three DesignBuilder models of 152 mm, 101 mm, and 

51 mm thick exterior EPS insulation were simulated. 
Results show that the benefit of having more insulation 

to maintain the heat inside the building outweighs the 

benefit of having less insulation to allow the heat to 

disperse by a factor 20 in terms of kilowatt-hours.  

Key Innovations 

• Identifies the relationship between the exterior 

insulation’s thickness and the heating and 

cooling energy usage of a high-performance 

multi-unit residential building in a cold climate 

Practical Implications 

The paper explores the effects on the energy usage of the 

building by varying the insulation's thickness on a high-

performance multi-unit residential building. Because the 

total energy percentage to condition a high-performance 

building is low relative to other energy end uses, adding 

152 mm of exterior EPS insulation may have had 

diminishing returns. The findings of this paper would 

potentially be helpful for future design considerations of 

similar building types in a similar climate zones and may 

potentially be used to extrapolate cost and life cycle 

analysis of adding additional exterior insulation. 

Introduction 

In recent years, there has been more demand and 

regulations to design and build more energy-efficient 

buildings. Currently, the Province of British Columbia in 

Canada has implemented the Energy Step Code, which is 

a performance-based, envelope-first approach and lists 

out five performance-based steps that will help guide the 

construction industry to achieve net-zero ready buildings 

by 2032. Developers can choose to achieve a higher step 

than is currently required by regulation. Previously, a 

high-performance multi-unit residential building project 

was completed in Quebec City, Canada and was 

monitored for its energy consumption in 2016 and 

compared it with the building energy model (Rouleau et 

al, 2018). However, the effects of the insulation thickness 

were not considered in that study, and quantification of 

the relative performance gain is the motivation of this 

paper. Results from this paper would potentially be 

helpful for future design considerations of similar 

building types and may potentially be used to extrapolate 

cost and life cycle analysis of adding additional exterior 

insulation 

Orion is a high-performance three storey low-rise wood-

frame construction multi-unit residential building in 

Pemberton, British Columbia, Canada located under the 

ASHRAE 90.1 Zone 5 climate zone. This project uses 

DesignBuilder, a dynamic energy modelling simulation 

tool, to identify the relationship between the exterior 

insulation’s thickness and the heating and cooling energy 

uses of high-performance multi-unit residential buildings. 

The building is designed with high-performance building 

envelope systems in mind. The wall is a split-insulation 

wall system with 152 mm (6”) exterior insulation and R-

24 cavity insulation. The flat roof is a R70 ft2·°F·h/BTU 

spray foam insulation while the semi-underground 

parkade uses an ICF concrete wall system. The vinyl 

windows and doors have triple-glazed insulated glass 

units with two Low-E coatings and argon gas fills. The 

HVAC system consists of a rotary energy recovery 

ventilator (ERV) that recaptures 85% of the energy and a 

highly efficient air-to-air heat pump system. The ERV 

also provides 100% of the fresh air intake at two speeds, 

3850cfm for heating mode and 7500cfm for cooling 

mode. The heating DX coils were modelled with a COP 

of 2.71 and the cooling DX coils were modelled with a 

COP of 3.73. The domestic hot water system uses an air-

to-water heat pump system. All the above design choices 

are intended for Orion to be more energy-efficient than 

what is currently required by code. Figure 1 illustrates a 

rendering of Orion. 

 

Figure 1: Rendering of the Orion Building 
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Methodology  

To accurately model the heating and cooling energy usage 

of Orion, thermal bridges were first identified and then 

modelled in LBNL’s THERM 7.4, a 2D heat flow finite 

element analysis software with steady-state boundary 

conditions. The R-value results from THERM were then 

recorded and used in an area-weighted average R-value 

calculation to calculate the effective R-value of each 

unit’s exterior wall. Each units’ effective R-value was 

then inputted into the DesignBuilder energy model for 

building energy simulation by varying the thicknesses of 

the exterior insulation to match the effective R-value 

calculated. This method is commonly referred to as the 

equivalent U-value method. In addition, the densities of 

the insulation material were also varied to maintain the 

equivalent heat capacity of 152 mm thick exterior 

insulation. Other architectural, structural, mechanical, and 

electrical aspects of the building were modelled based on 

the shop drawings provided by the builder. Operation and 

occupant schedules, temperature setpoints, plug load 

power densities, and lighting power densities were based 

on the guidelines provided in the Canadian National 

Energy Code for Buildings (NECB, 2017). Three sets of 

thermal bridge THERM models and three DesignBuilder 

building energy models were simulated based on the 

exterior EPS insulation thicknesses of 152 mm, 101 mm, 

and 51 mm. Figure 2 illustrates the DesignBuilder model.  

 

Figure 2: Orion DesignBuilder Model  

Results and Discussion  

The annual heating and cooling energy use of the building 

for the three exterior insulation thickness cases are 

presented in Figure 3, and also summarized in Table 1 and 

Table 2 below. Note that the energy usages reported are 

the electricity consumption of the air-to-air heat pump 

system with COP values of 2.71 and 3.73 for the DX 

heating and cooling coils, respectively.  

Compared with the 152 mm EPS model, the heating 

energy used increased by 6.2% for the 101 mm EPS 

model and by 16.0% for the 51 mm EPS model. 

Compared with the 152 mm EPS model, the cooling 

energy used decreased by 0.8% for the 101 mm EPS 

model and decreased by 2.8% for the 51 mm EPS model. 

Intuitively, heat energy can disperse out to the exterior 

more easily if the insulation is thinner, so a decrease in 

cooling energy has occurred. However, because the 

building is located in a heating-dominated climate, the 

benefit of having more insulation to maintain the heat 

inside the building outweighs the benefit of having less 

insulation to allow the heat to disperse to the exterior by 

a factor of about 20 in terms of kilowatt-hour. 

Table 1: Heating Energy Usage Results 

MODEL HEATING 

(KWH) 

% CHANGE 

152 mm (6”) EPS 23962 - 

101 mm (4”) EPS 25436 6.2% 

51 mm (2”) EPS 27811 16.0% 

Table 2: Cooling Energy Usage Results 

MODEL COOLING 

(KWH) 

% CHANGE 

152 mm (6”) EPS 9280 - 

101 mm (4”) EPS 9209 -0.8% 

51 mm (2”) EPS 9042 -2.57% 

 

Figure 3: Different Insulation Thickness Heating and 

Cooling Energy Usage 

Conclusion 

Orion is a high-performance three storey low-rise wood-

frame construction multi-unit residential building in 

Pemberton, British Columbia, Canada. The purpose of 

this project is to use DesignBuilder to identify the 

relationship between the exterior insulation’s thickness 

and the heating and cooling energy uses of high-

performance multi-unit residential buildings in cold 

climate. Thermal bridges at different envelope details are 

accounted in the energy modeling using THERM 

simulation results. DesignBuilder simulation results show 

that when comparing the heating and cooling energy with 

the 152 mm EPS model, the heating energy used 

increased by 6.2% for the 101 mm EPS model and by 

16.0% for the 51 mm EPS model. Compared with the 152 

mm EPS model, the cooling energy used decreased by 

0.8% for the 101 mm EPS model and decreased by 2.6% 

for the 51 mm EPS model. However, the benefit of having 

more insulation to maintain the heat inside the building 

outweighs the benefit of having less insulation to allow 

the heat to disperse to the exterior by a factor of 20 in 

terms of kilowatt-hour. 
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