
  



  

Chair’s Name

Examiner’s name

Examiner’s name

Supervisor’s name



Montréal’s cold climate (ASHRAE Zone 6A). Two representative office building archetypes were 
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based approach to represent typical office buildings in Montréal’s 

and ASHRAE energy codes makes buildings more efficient. Because many of Montreal’s office 
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• What retrofit strategies can achieve the highest energy savings in Montréal office 
buildings?

• Which retrofit solutions remain economically viable with acceptable payback periods?
• How should retrofit priorities differ between older and newer office buildings?

• To develop a method to reduce energy consumption in a building to support sustainability
• To Identify efficient retrofit strategies in office buildings by minimizing energy 

consumption 
• To identify economically viable retrofit strategies to minimize payback time 
• To offer useful guidelines for decision-makers





DesignBuilder can estimate a building’s energy consumption, comfort performance



• Top-down model depends on large scale data like population, and total energy use, energy 
prices, or city-wide fuel use (Swan & Ugursal, 2009). Although this method is effective for 
large scale forecasting, it cannot show the physical features or operational patterns of 
individual buildings (Li et al., 2017). For this reason,  top-down methods estimate city-wide 
energy demand using city scale statistics, not physical features so they can be useful in 
UBEM models.

• Bottom-up model calculates energy demand using building level details like construction 
materials, heating and cooling systems, internal loads, and how occupants use space (Swan 
& Ugursal, 2009). Because of bottom-up methods provide this level of detail of building 
can be considered for BEM.  These models are usually divided into two groups:

(1) Statistical models that use meter readings records, survey data or machine-learning 
methods to relate building features to energy consumption (Swan & Ugursal, 2009).

(2) Engineering or physics-based models, which estimate energy performance using 
thermodynamic calculations and dynamic simulation programs such as 
DesignBuilder, EnergyPlus or TRNSYS. Physics-based bottom-up models are the 
most accurate for evaluating retrofit options and design choices because they 
explicitly model heat flows, system behaviour, and environmental conditions 
(Kavgic et al., 2010). 

• Hybrid methods combine the strengths of both top-down and bottom-up models to better 
accuracy (Li et al., 2017). This kind of modeling is useful for UBEM models because 
UBEM looks at energy use for whole areas like neighborhoods or cities and therefore needs 
both building details and city-wide information (Ali et al., 2021).





s focus on the building’s shape, such as whether it is 



, with the title of “CityBES
Platform to Support City Scale Building Energy Efficiency,” used the CityBES platform to import 

evaluated energy performance across an entire city’s building. They 

1. Building Function (Use Type)

2. Construction Vintage (Year of Construction / Energy Generation)

3. Climate Zone

4. Geometry and Physical Characteristics (from CityGML)



mulated the home’s energy use and suggested the best retrofit options, such as adding more 

–

In the paper by Ali et al. (2021) called “Review of Urban Building Energy Modeling (UBEM) 
approaches, methods and tools,” the authors compare different ways of modeling building energy 

• Physics-based Bottom-up models are the most accurate but need lots of data and take a 
long time.

• Top-down models are fast and good for policy studies.
• Data/AI models work very well when there is a lot of data available.
• Reduced-order models give good results quickly and work well for city-scale studies.

  



The paper Ding & Zhou (2020), “Profiling Urban Building Energy Use with Archetype Modeling 
and Statistical Prediction,” focuses on how to estimate city wide building energy use when detailed 

—

  

  

In the study with a title of “U.S. Department of Energy Commercial Reference Building Models 
of the National Building Stock” done by Deru et al.



  



In the thesis “Modelling Neighborhood Scale Energy Scenarios” by Louis Leroy (2020), for four 
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In Engblom’s paper (2006) with a title of “Scenario Analysis of Retrofit Strategies”, the aim was 

• Standard Retrofit according to building regulations,
• Low-Energy Retrofit based on the best available low energy models on the market. 

 

• Existing Building Commissioning (EBCx): fixing operational problems without replacing 
major equipment. This includes improving controls and reducing unnecessary ventilation.

• Standard Equipment Upgrades: replacing common building components such as HVAC 
units, lighting systems, and windows with higher efficiency options that meet current 
standards.

• Deep Integrated Retrofit: upgrading the building envelope, mechanical systems, and 
lighting together. 





typical office energy performance in Quebec’s cold humid climate zone (as a clima

–

Archetype Energy 
Code Baseline Energy Performance

Type A Post-Code

Modern high-rise office building designed under contemporary 
Canadian energy efficiency requirements (e.g., NECB-based), 

characterized by improved envelope insulation, high-performance 
glazing, and efficient HVAC systems.

Type B Pre-Code 

Older high-rise office buildings were constructed prior to the 
widespread adoption of modern energy efficiency standards, 
characterized by weaker envelope performance, less efficient 

glazing, and outdated mechanical systems.



éal’s climate zone (ASHRAE 

differently depending on the building’s age and original design.

Commission on Building and Fire Codes, 2017) which applies to Montreal’s cold and humid 

Base on NRC Major Energy Retrofit Guidelines in 2022 it directly written “Major energy 

system, typically lead to energy savings of 15 to 40 %” (



• Low-level retrofit, which focuses on simple, low-cost actions such as improving controls, 
reducing infiltration, and upgrading lighting efficiency.

• Medium-level retrofit, in which building elements such as windows and portions of the 
envelope are replaced with more efficient options that meet current standards.

• High-level retrofit, which applies advanced measures like high-performance glazing, 
substantial insulation upgrades, and high-efficiency HVAC systems designed for deep 
energy savings.

• energy savings (kWh/m²/year)
• annual cost savings (CAD/year)
• capital investment required (CAD)
• payback period (years)

payback periods depending on the building’s vintage and baseline performance. It has benefits in 



and payback periods for office buildings in Montréal’s cold climate.



costs were entered by DesignBuilder’s built
for materials and equipment based on the building’s loca



• Building Envelope Parameters:

• HVAC and Mechanical System Parameters

• Internal Loads and Occupancy Parameters

• Climate and Weather Inputs

• Parameters Affecting Retrofits

• U-values of walls, roofs, and windows
• Glazing type (double or triple)
• Infiltration rate
• HVAC system efficiency
• Lighting power density
• Mechanical control improvements



  –
–

https://sustainableenergyaction.org/resources/energy-codes-then-and-now-1983-2021


  







—
 

https://buildingscience.com/documents/insights/bsi054-risky-business-high-risk-walls
https://buildingscience.com/documents/insights/bsi054-risky-business-high-risk-walls






Windows are one of the most important parts of a building’s envelope because they have a big 



–

3.5.1  Type A (Post-Code or New Building)

1. Introduction 



2. Facade and Wall System 

• A continuous curtain wall system, likely unitized or semi-unitized
• Double-glazed, energy-efficient glass designed to reduce heat loss and solar gains
• Aluminum frames with effective thermal breaks
• Improved air-tightness and water-tightness, achieved through well-detailed and uniform 

joints
• Strong emphasis on transparency, daylight access, and visual connection to the urban 

environment

3. Window System 



•

•

•



4. Roof

•

•

3.5.2  Type B (Pre-Code or Old building)

1. Introduction 



2. Facade and Wall System 

• No visible exterior insulation layer
• No rainscreen or ventilated cavity
• Heavy thermal mass but low thermal resistance
• High likelihood of thermal bridging at floor slabs and columns



3. Window System 

•  large rectangular glazing units,
• Aluminum frames with no visible thermal break,
• Flush-mounted glazing directly connected to the concrete facade
• No external shading devices

• Double glazing or early-generation insulated glass units
• High thermal conductivity through aluminum frames
• Significant heat loss in winter and heat gain in summer
• Limited airtightness at window-to-wall interfaces





4. Roof and Ceiling System 

• Conventional flat roofs
• Limited insulation thickness compared to modern standards
• Minimal attention to air and vapor continuity

• Thermal mass is high
• Insulation and airtightness are low
• Envelope heat losses are dominated by walls and windows



guidelines. Montréal’s climate file from EnergyPlus was applied to

efficient retrofit solution for office buildings in Montréal’s cold climate.



these elements strongly affect heating demand in Montréal’s cold climate.



Scenario Level Main Strategy

Low Retrofit Minor, low-cost improvements

Medium Retrofit Balanced cost-performance upgrade

High Retrofit Advanced, high-performance upgrade

 .



𝑆𝑃𝑃 = Δܥ௜௡௩𝑆  
• Δܥ௜௡௩
• 𝑆

௟௡(஼ி)−௟௡(஼ி−௞×ூ0)௅௡(1+௞)

• ܰ
• 0ܫ
• ܨܥ
• ݇

Canada’s rate as of October 29, 2025. This rate reflects prevailing long



The DPP therefore provides a more realistic indicator of the project’s financial performance 



consumption and economic performance in Montréal’s climate.

• Annual Energy Saving (%)
• Simple Payback Period (years)
• Discounted Payback Period (years)

•

•

•

• Insulated wall and roof systems compliant with post-2000 Canadian codes,
• Standard double Low-E glazing,
• Typical weekday office occupancy schedules,
• Standard HVAC operations for mixed-air systems.



• weaker insulation,
• older, clear double glazing,
• higher infiltration,
• less efficient HVAC operation.



and glazing performance are the primary drivers of excessive winter heating loads in Montréal’s 





–

• Double Low-E Arg
• Double Low-E Arg + shading
• Shading+ Triple glazing+ RoofR45
• RoofR45+Shading+ Double glazing Arg

–

• RoofR60+Triple glazing
• RoofR60+ Double glazing Arg

–

• Schedule + shading+ Double glazing Arg
• Triple glazing+ Roof R45+ lightning sensor
• Schedule + Triple glazing+ Roof R45+ lightning sensor
• schedule + Double Low-E Arg+ Roof R45+ lightning sensor
• schedule + Double Low-E Arg+ Roof R45+ lightning sensor+ ventilation+ heat recovery
• schedule + Double Low-E Arg + Roof R45+ lightning sensor+ ventilation+ heat 

recovery+ setpoint



 

• Schedule control is the main driver of savings of high scenario with 31% savings

• Set point adjustments add another strong layer of savings

• Envelope upgrades still help, but they are not the main factor

• Lighting sensors had ~3%, ventilation optimization had~2%, and heat recovery had~3% of 
energy saving. Individual small, together they reinforce overall efficiency.

• Energy Saving Rate (%)
• Investment Cost (Extra Cost)



• Return on Investment (SPP / DPP) 

 





• Scenario 1: Double Low-E Arg
• Scenario 2: Roof R45 + Triple glazing + Lighting sensor
• Scenario 3: Double Low-E Arg + Shading
• Scenario 4: Roof R60 + Triple glazing
• Scenario 5: Roof R60 + Double Low-E Arg
• Scenario 6: Shading + Triple glazing + Roof R45
• Scenario 7: Roof R45 + Shading + Double glazing Arg
• Scenario 8: Schedule + Shading + Double glazing Arg
• Scenario 9: Schedule + Triple + Roof R45 + Lighting sensor
• Scenario 10: Schedule + Double Low-E Arg + Roof R45 + Lighting sensor
• Scenario 11: Schedule + Low-E + Roof R45 + Lighting + Ventilation + Heat recovery
• Scenario 12: Schedule + Low-E + Roof R45 + Lighting + Ventilation + Heat recovery + 

Setpoint

The best scenario in the whole study is the “Schedule + Low
Ventilation + Heat Recovery + Setpoint” package. It gives the highest energy saving (38%) while 
still keeping the payback very short (≈3.3 years). This scenario wo



Scenario Extra Cost 
(CAD)

Differences 
Annual 
Saving 

(CAD/yr)

Energy 
Saving 

Percentage
(%)

Energy
 Saving 
Level

All double Low-E glazing 345,798 41,473 6.58% Low

Low-E + Shading control 1,037,396 36,398 5.77% Low

1°C setpoint reduction + Wall upgrade+ 
Double Low-E Arg+ LED+ Sensor lightning 2,095,067 147,567 23.39678 Medium

Wall upgrade+ Low-E 245,627 46,557 7.38% Low

Triple glazing + Wall Upgrade 360,887 40,350 6.40% Low

2°C setpoint reduction+ Wall upgrade + 
Double Low-E Arg+ Natural ventilation 

(Summer)+ LED+ Sensor lightning
2,095,067 321,065 51.00% Hight

1°C setpoint reduction + Wall upgrade+ 
Double Low-E Air+ 

Natural ventilation (Summer)+ LED+ Sensor 
lightning+ Infiltration

1,955,923 363,918 57.69928 Hight



–

• Wall improvement + Window Double Low-E glazing
• Window Triple glazing + Wall improvement
• Window Double low-E glazing
• Window Double low-E glazing+ shading

–

• 1°C setpoint reduction+ Wall upgrade+ Double Low-E Arg+ LED+ Sensor lightning

• 2°C setpoint reduction+ Wall upgrade + Double Low-E Arg+ Natural ventilation 
(Summer)+ LED+ Sensor lightning

• 1°C setpoint reduction + Wall upgrade+ Double Low-E Air+ Natural ventilation 
(Summer)+ LED+ Sensor lightning+ Infiltration



reductions, and passive ventilation strategies. When these measures work together, the building’s 

In the best retrofit scenario of the old building (Type B), the total energy saving of ≈58% comes 

–
–

–
–

–



–

–
–



• Scenario 1: All double Low-E glazing
• Scenario 2: Low-E glazing + Shading control
• Scenario 3: 1°C setpoint + Wall upgrade + Double Low-E Arg + LED + Sensor lighting
• Scenario 4: Wall upgrade + Low-E



• Scenario 5: Triple glazing + Wall upgrade
• Scenario 6: 1°C setpoint + Wall upgrade + Double Low-E Arg + Natural ventilation + LED 

+ Sensor lighting
• Scenario 7: 1°C setpoint + Wall upgrade + Double Low-E Air + Natural ventilation + LED 

+ Sensor + Infiltration improvement

Energy Saving Level Type of Measures Cost Complexity Energy 
Savings

Low (5–15%) Envelope-only 
upgrades

Low Simple Limited

High (>28%) Controls + Ventilation 
+ Airtightness

High Advanced Very high

– – –

estimates derived from the scenario “extra cost” results, and they are intended to show the order 



 

Retrofit Level Typical Measures Cost Range
(KCAD)

Low (5–15%) Window upgrades, limited roof insulation 40–90
Medium (15–28%) Roof insulation + improved glazing 90–140

High (28–35%) Envelope + controls + ventilation upgrades 160–240

 

Retrofit Level Typical Measures Cost Range
(KCAD)

Low (5–15%) Envelope improvements (walls, double/triple glazing, shading) 30-50
Medium

 (15–28%)
Envelope + lighting + minor operational controls (1°C setpoint) 120-150

High 
(28–35%)

Envelope + controls + ventilation + infiltration measures 300-400





buildings in Montréal’s cold climate (ASHRAE Climate Zone 6A) using a physics

(1) a newer post-code, code-compliant office tower (Type A), and
(2) an older pre-code office tower constructed before modern energy standards (Type B).



• Older buildings (built before energy codes), and
• Newer buildings (built under modern codes).

• Make better investment decisions
• Choose retrofit packages that work
• Understand what level of energy savings and payback to expect
• Support energy efficiency goals from NECB, ASHRAE, and Montréal’s decarbonization 

plans

representative office building archetypes in Montréal’s cold climate. The results demonstrate that 
retrofit effectiveness strongly depends on the building’s co

• Development of a systematic framework for evaluating the energy and economic 
performance of retrofit strategies for office buildings in cold climates.

• Shows how retrofit priorities differ significantly between pre-code and post-code office 
buildings.

• Integration of energy simulation results in economic indicators including Simple Payback 
Period (SPP) and Discounted Payback Period (DPP) to support cost-effective retrofit 
decision-making.



of Montréal’s cold and humid climate (ASHRAE Climate Zone 6A). Short



optimized. Shading systems should be used carefully in Montréal’s cold climate and only with 



Ali, U., Shamsi, M. H., Hoare, C., Mangina, E., & O’Donnell, J. (2021). Review of urban building 

–
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