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MAKING THE SWITCH 

SUMMARY LITERATURE REVIEW, JUNE 2021  



It is commonly perceived that it is much cheaper 

to heat a home with natural gas 

than it is with a heat pump, 

and that electricity is too expensive a fuel source to 
use for home heating.



Project Objectives & Activities

Project Objective: To better understand the most important factors that 
contribute to competitive operating costs for heat pumps (compared to 
natural gas heating systems). 

Project Activities:
1. Literature Review:  June
2. Homeowner Survey*: July 
3. Homeowner Utility Bill Analysis*: July-August
4. Analysis and Reporting: Mid-September

* Recruiting 75 homes, with regional distribution. Paid $100 to participate.



o Jurisdiction-wide building bylaw (eg. Step 1)

o Mandatory requirement for rezoning (eg. Step 3)

o Density Bonus Policy 

1. Summary Review of Project Concept 

2. Literature (Tool/Communication) Review Summary 

3. Discussion, Thoughts and Ideas for Next Steps

Agenda
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Literature (Tool/Communication Material)  Review

Task: Review of available cost and performance studies/tools/communications 

materials related to operating cost comparisons between natural gas heating systems 

and air source heat pumps.

Context:

1. Very few studies that actually compare operating costs are available

2. Comparison studies are either dated or small in scale

3. Scope of literature review expanded to include 

• Comparison tools

• Communications materials 



Literature/Tool/Communications Review 

1. FortisBC Home Energy Calculator, 2021

2. LiveSmartBC Evaluation, F2009-F2011, BC Hydro, 2012

3. Business model In Innovation to Support Heat Pump Retrofits in Metro Vancouver, A. Nelson/CEA, 2019

4. Whole Home Heating with Air-to-Water Heat Pumps: Final Report, Ecolighten Energy Solutions, 2019

5. BC Cold Climate Heat Pump Field Study, RDH Building Science Inc., 2020

6. Retrofit Upgrade Analysis of City of Vancouver Existing Homes, M. Alfred-Olmedo, & L. Dolan, 2020

7. The City of Vancouver Energy and GHG Archetype Home Project Summary Report, City Green Solutions, 2018

8. Gas vs. electricity? Comparing home heating costs in B.C., D. Heerema, 2017

9. Is a Heat Pump Right for You? Jump on a New Heat Pump, 2021

10. Which System is Best For your Home? Bring It Home 4 Climate, 2021

The following materials have been included in this summary review:

Accessing reports

• Bolded materials are hyperlinked

• Other reports can be accessed by request

file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/The Impact of Building Occupant Behavior on Energy Efficiency and Methods to Influence It-A Review of the State of the Art-2018.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/city-of-vancouver-air-to-water-heat-pumps-report-final.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/Business Model Innovation to Support Heat Pump Retrofits_Nelson_0.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/city-of-vancouver-air-to-water-heat-pumps-report-final.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/BC Cold Climate Heat Pump Study.pdf
file:///C:/Users/jgraham/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/QWMJXYJY/Retrofit Upgrade Analysis of City of Vancouver Existing Homes 2020 06 17.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/COV_EnergyGHGArchetypeReport_FINAL.pdf
https://www.pembina.org/blog/gas-vs-electricity
https://bringithome4climate.ca/wp-content/uploads/2020/11/Heating_System_Comparison-NaturalGas_vs_HeatPump-Sept2020.pdf


The FortisBC Home Energy Calculator compares the 
annual cost of operating your current heating 

equipment to the cost of operating new equipment, 
based on projected energy use.  

FortisBC Home Energy Calculator



FortisBC Home Energy Calculator

This is what the calculator looks like:



The projected energy use is informed by:

FortisBC Home Energy Calculator

Characteristics of your Home
Location

Size
Level of Insulation

Efficiency of your Current 
Equipment

Type of equipment
Age of equipment

Efficiency of the New 
Equipment

Type of equipment
Efficiency of equipment

• Uses preset defaults according to typical construction and Air Leakage Rates for the era
• Uses preset default efficiency values typical of age of equipment but these can be manipulated 

within parameters
• Does not take household specifics into account such as: 

• # of occupants, 
• homeowner behavior regarding thermostat settings and length of heating season
• quality of installation



FortisBC Home Energy Calculator

FortisBC Home Energy Calculator Results comparing heating costs for Small/Large, Older/ 
Newer homes with NG Furnaces (green) to ASHP upgrades (blue)
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FortisBC Home Energy Calculator Results

Current Natural Gas Furnace New High Efficiency ASHP (HSPF 9.2 SEER 15)

$182  
24% increase

smallest % increase

$90
34% increase

$945
30% increase

$559
51% increase



FortisBC Home Energy Calculator

Example:
Meet Denise & Duncan.
They heat a 2150 sqft
home with an ASHP for 
$480/yr compared to 
FBC  calculator
estimate:
• $968-$864/yr ASHP
• $552/yr Natural Gas 

Furnace

Does not show that it can be more cost effective to use a heat pump



FortisBC Home Energy Calculator

• Consistently demonstrates that it is cheaper to heat a home with natural gas
• Provides costs and energy use projections as a definite value but has a small print caveat that 

the figures are estimates only
• Does not provide a cost range for heating a home (which would be more realistic to actual 

home performance) 
• Shows that the most comparable operating costs are for

• New, smaller homes with newer equipment ($90 more per year to heat with ASHP)
• Older, smaller, less efficient homes with older heating equipment ($182 more per year 

with ASHP)
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Evaluation of the LiveSmart BC Efficiency Incentive Program, F2009-2011, 
BC Hydro, 2012. 

This evaluation has a wealth of valuable information, not limited to:
• AHSPs show a larger overall average energy and GHG savings in natural-gas 

heated households, with an increase in electricity consumption.  
• 8,000 homes+ fuel switched (6,500 households formerly heated with 

natural gas and over 1,500 formerly heated with propane and oil) 

Comprehensive evaluation of the LSBC EIP for the 2009-2011 period. The 
two main objectives of the evaluation were:   

1. Estimate gross and net energy and GHG savings attributed to the 
LiveSmart program between April 2008 and March 2011 (fiscal years 
F2009 - F2011). This is further broken down by Program partner 
(MEMNG, Fortis BC, BC Hydro); and select retrofit measures. 

2. Investigate customer satisfaction with the program and the 
influence of other factors determining program participation, 
including demographics, household characteristics and behaviors 
surrounding in-home energy use. 
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Evaluation of the LiveSmart BC Efficiency Incentive Program, F2009-2011, 
BC Hydro, 2012

Table D-5 & 6 show the overall gross energy impacts of installing an AHSP. The analysis was based on a 
sample of over 900 homes installing an ASHP as the only LSBC EIP retrofit (F2009-F2011). 

Key findings related to comparable operating costs:

Fuel Switch from NG to ASHP -
Average Gross Annual Savings 
Per Participant: $16.28

But….electricity prices have 
increased faster than natural 
gas since 2011 
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Evaluation of the LiveSmart BC Efficiency Incentive Program, F2009-2011, 
BC Hydro, 2012

Retrofit Market in 2009-2011 was at a Peak of Whole Home Retrofits, not Met or Surpassed Since:

Based on LSBC program eligibility criteria, the total potential home energy efficiency upgrade market in British Columbia was 
comprised of approximately 1.2 million households. It is estimated that over 600,000 households completed some type of 
energy efficiency upgrades between F2009 and F2011. 

Participant/Non-Participant 
Surveys
Approx. 58% of program eligible 
households in BC knew of the LSBC  
and/or the federal ecoENERGY
Retrofit Homes program by name; 
including an understanding that 
the programs provide financial 
assistance in the form of rebates to 
encourage home owners to make 
energy efficiency upgrades. 
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Evaluation of the LiveSmart BC Efficiency Incentive Program, F2009-2011, BC 
Hydro, 2012

Central ASHP, rather than 
Ductless
“majority of participants 
who installed a new heat 
pump during the study 
period report that it 
disperses the heat 
throughout the home via 
heating ducts (96%) rather 
than via individual wall-
mounted (ductless) units 
(4%).“

Since 2011, ductless heat pump 
technology has advanced 
significantly and now forms a 
large percentage of the market.
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“The objective of this report is to recommend fundamental elements of a new

industry business model that can transform the ASHP market and deliver the

number of ASHP retrofits needed for Metro Vancouver to reach its single-family

home GHG reduction targets.”

Business Model Innovation to Support Heat Pump Retrofits in Metro 
Vancouver, A. Nelson/CEA, 2019.

• Outlines key barriers (higher ASHP purchase cost, higher operation costs, 
low consumer awareness, project management, principal agent problem 
[split incentive])

• Recommendations are provided to pursue a heat pump rental model pilot 
project and enhance the current market intermediary business model. 
(demand aggregators, financing, stakeholder engagement, long term 
incentive strategies)
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Business model In Innovation to Support Heat Pump Retrofits in Metro 
Vancouver, A. Nelson/CEA, 2019
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Business model In Innovation to Support Heat Pump Retrofits in Metro 
Vancouver, A. Nelson/CEA, 2019

Key findings related to comparable past operating costs

• In 2019, “natural gas [was] $10.94/gigajoule (GJ), nearly a third the price of electricity at $31.53/equivalent GJ”

• The biggest challenge facing homeowner when upgrading their home heating system is that price for natural gas

is much lower than electricity.

• Heat pumps would need to be roughly three times more efficient than natural gas furnaces in 
order to be economically competitive on an operating basis
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Business model In Innovation to Support Heat Pump Retrofits in Metro 
Vancouver, A. Nelson/CEA, 2019

• “base natural gas prices are forecast to increase from $1.38 (current) to nearly $5.75/GJ in 2028, equating to 
an annual increase of 7.56% (FortisBC, 2017).”

• “British Columbia Utilities Commission recently approved a price increase of 8.1% over the next 5 years (The 
Canadian Press, 2019).”

• “provincial carbon tax, which is currently $1.99/GJ, is scheduled to increase to $2.23/GJ in 2020, and to 
$2.48/GJ in 2021. This equates to a 4.6% increase to the price of natural gas on its own.” 

Key findings related to comparable future operating costs:

“ASHP are anticipated to become more competitive with NGFs 
as natural gas prices increase more quickly than electricity prices.”
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Whole Home Heating with Air-to-Water Heat Pumps: Final Report

Ecolighten Energy Solutions, 2019

This report was prepared for the City of Vancouver. It gives an overview

of how A2W HP operate, as well as which systems are available in

Vancouver. It reviews various design considerations, including but not

limited to heat load calculations, equipment sizing, electrical load

requirements, and start-up and commissioning. Further, it discusses cost

considerations, and looks at two case studies. The report concludes that

A2W HP can help lower GHG emissions for homes at a lower operating

cost when compared to electric boilers. The report outlines four

challenges going forward: scaling the market, trades training and supplier

relationships, generating awareness, and making a case for the upfront

and operating costs.
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Whole Home Heating with Air-to-Water Heat Pumps: Final Report, 

Ecolighten Energy Solutions, 2019.

Key findings related to comparable costs:

• The summary chart below reports that the kilowatt hour cost of heating a home is less expensive with a natural gas
boiler, than it is with an electric air source heat pump. The chart below shows the costs per Kw Hour for a variety of
different types of potential heat pumps based on their efficiency or Coefficient of Performance (COP)
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BC Cold Climate Heat Pump Field Study

RDH Building Science Inc., 2020

The goal of the study was to develop understanding of how cold climate

HPs perform in Canadian climates, to evaluate performance considerations,

and to generate informative development or HP procedures in Canada.

26 mini-split and central systems were monitored at 24 single family

residential homes on Vancouver Island and the Interior of BC. The main

objectives of this study, based on in-situ field performance and whole-

building energy savings, are as follows:

• Compare field performance results with reported performance data 
• Estimate heat pump COP throughout the range of outdoor temperatures 

experienced in winter, summer and shoulder season 
• Evaluate actual energy and cost savings resulting from the heat pumps 

by comparing pre and post-installation utility bills, normalized for 
weather 
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“This research provides a better indication of the real-world efficiency and the resulting energy and cost savings potential of 
air-source heat pump retrofits in existing homes in cold and moderate regions of British Columbia.”

Key findings related to comparable operating costs:

• “The increase in electric energy and cost for participants who supplied heating with oil or gas prior to heat pump 
installation appears to be relatively small.”

• “The additional annual electricity and cost difference for the average home was found to be roughly 1450 kWh and 
$205.00, respectively.”

BC Cold Climate Heat Pump Field Study

RDH Building Science Inc., 2020.
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BC Cold Climate Heat Pump Field Study

RDH Building Science Inc., 2020

• This table shows the estimated savings in electricity
consumption from installing heat pumps. Fuel switching homes
have been marked with a red X and include oil and gas

• Note, KEL05 is the only home that heated strictly with natural
gas and shows a negative in estimated electricity cost savings.
This supports that it is cheaper to heat with natural gas than an
electric heat pump.

X

X

X

X

X

X

• Note, the analysis in these charts does 
not show whole home energy 
consumption analysis.
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BC Cold Climate Heat Pump Field Study

RDH Building Science Inc., 2020

A whole home energy impacts of installing heat pumps was 
assessed on an annual basis by summing the monthly energy 
consumption for 3 participants with complete utility data. 
Figure 3.28 shows the measured annual energy consumption 
and the estimated baseline for the 3 participants. VIC03 and 
VIC09 show a decrease in overall energy consumption from the 
estimated baseline. The overall energy consumption for SUM01 
is very similar to the baseline although there is a slight 
consumption increase. 

Table 13 shows the estimated whole 
home energy consumption impacts:
• SUM01: Shows a $10 savings in 

energy costs
• VIC09: Shows a $110 increase
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BC Cold Climate Heat Pump Field Study

RDH Building Science Inc., 2020.

• Refrigerant lines to be as straight and as short as possible. 
• Refrigerant lines to be insulated to minimize heat loss and potential condensation 
• Refrigerant lines to be rigidly secured at penetrations 
• Ductwork to be sealed and properly supported or clipped to prevent sagging 
• Seams and joints to be taped or glued 
• Outdoor unit to be protected from prevailing winds, away from roof drip lines, and raised above snow 

level with regards to defrost water drainage 

Equipment installation can also affect the performance of heat pumps. Air source heat pump and air 
conditioner installation requirements per CSA standard C273.5-11 were reviewed and its best practices were 
evaluated against observed site conditions. These practices include the following: 
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Retrofit Upgrade Analysis of City of Vancouver Existing Homes, 

M. Alfred-Olmedo, & L. Dolan, 2020.

Study to investigate potential renovation upgrades to existing homes to 
reduce overall greenhouse gas (GHG) emissions in accordance with the City of 
Vancouver’s Climate Emergency Action Plan. 
• EnerGuide Ratings Systems modelled data
• 82 single-family detached homes 
• Archetype home groupings: Pre-1950, 1950-1990, and Post 1990. 
• 2 representative points for analysis: the worst performing model, and an 

average performing model. 
• Study does not include a solo ASHP upgrade option (only either in 

combination with an Electric DHW Heat Pump or a NG Furnace) so it’s 
challenging isolate space heating system cost comparisons

• The ASHP model used in the study is not the highest efficiency system (8 
HSPF and 15 SEER). A tier 2 CleanBC rebate eligible heat pump requires a 
system greater than 9.3 HSPF and 16 SEER with a variable speed motor. 
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Retrofit Upgrade Analysis of City of Vancouver Existing Homes, 

M. Alfred-Olmedo, & L. Dolan, 2020.

Key findings related to comparable operational costs:

• The Archetypes with no envelope upgrades and an ASHP show a range of additional yearly operational costs 
between $120 and $200.  

• The Archetypes with the best envelope upgrade package (upgrade 4), and an ASHP show a range of additional 
yearly operational costs between $150 - $730, but this includes the Electric DHW HP, which would result in 
increased cost over a NG hot water heating system. 

• 1950-1990 house Archetype (B) has the most competitive cost comparison ($150)

• post-1990 Archetype was in the middle for costs ($320) 

• pre-1950 Archetype was the most expensive ($730).   

• The range of additional yearly operational costs for an ‘ASHP paired with NG furnace’ is between $190 - $612 and 
this includes a NG DHW tank (EF 0.84) and NG furnace (95% AFUE).  

• The ‘1950-1990 house’ Archetype (B) operational costs are slightly HIGHER with some NG than when fully electric.

*Important note: some of the costing information has been extrapolated from the report
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.

• Full Electrification (ASHP, electric furnace or baseboard back-up & 
electric DHW heat pump) of a 1980’s 2 storey house with robust 
envelope upgrades (Archetype B1) came close to the Natural Gas 
Furnace projected operating costs.

Retrofit Upgrade Analysis of City of Vancouver Existing Homes, 

M. Alfred-Olmedo, & L. Dolan, 2020.
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Retrofit Upgrade Analysis of City of Vancouver Existing Homes, 

M. Alfred-Olmedo, & L. Dolan, 2020.

Conclusions:

• “The analysis highlighted that emission targets can be achieved with electrification options but increase the projected 
operating costs dramatically.”

• “A holistic upgrade, including envelope, mechanical, and electrification options, yielded the most realistic emission and 
operating cost results.” 

• “Electrification options become feasible when combined with reduced consumption.” 
• “The middle ground, a heat pump with a natural gas system, remains the most appealing option.” 
• “Full electrification was the optimal method for emission reduction, but unfeasible due to the significant operational 

cost increase to the house. Tempered with a robust envelope upgrade the option becomes more appealing, yet still 
holding a higher operational cost than a fully natural gas approach.” 

• “Electricity costs will have to be lowered for this approach to be economically feasible.”
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The City of Vancouver Energy and GHG Archetype Home Project 

Summary Report, City Green Solutions, 2018.

Study to support the strategy development for the proposed City of Vancouver 
100% Renewables for Single Family Homes initiative. 

• Analysis of 16,000 ERS files delivered on homes constructed in the Vancouver 
between 1889 and 2018. 

• The creation of archetype homes for 6 periods: 1939 or earlier, 1940-1949, 
1950-1979, 1980-2000, 2001-2014, and 2015-2021. 

• Pre-upgrade and post-upgrade comparisons of whole home modelled annual 
energy consumption, modelled greenhouse gas emissions (GHG), and 
estimated modelled annual energy costs.

• Energy modelling utilizing modelled archetypes and upgrade case scenarios: 
• Air source heat pump upgrades (9.3 HPSF, 16 SEER, variable speed)
• Vancouver Building By-Law (VBBL) building envelope upgrades (R22 

effective walls)
• Combined: Air source heat pump and VBBL building envelope upgrades 
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The City of Vancouver Energy and GHG Archetype Home Project Summary 
Report, City Green Solutions, 2018.

Figure 8. COV whole home modelled fuel costs (City Green Solutions, 2018) 
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The City of Vancouver Energy and GHG Archetype Home Project Summary 
Report, City Green Solutions, 2018.

Figure 9. COV whole home cost intensity (City Green Solutions, 2018) 
Legend: (All homes Natural Gas)

Archetype – Data Average:  The average  home 
archetype based on the average and most common 
building attributes from the actual modelled files from 
that time period (based on 16,000 files for all periods 
of construction) 
Archetype – Modelled Baseline: Modelled baseline 
archetype home generated using data average 
archetype building attributes. Baseline against which 
the heating system and building envelope upgrades 
are compared (because energy consumption and 
annual fuel costs in Archetype – Data Average cannot 
be used as the baseline)
Modelled Building Envelope Upgrade Only: Archetype 
– modelled baseline home and VBBL compliant 
building envelope upgrade
Modelled Heat Pump Upgrade Only:  Modelled 
baseline home and heat pump upgrade
Modelled Heat Pump and Building Envelope 
Upgrade: Modelled baseline  home and heat pump 
and building envelope upgrade.
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The City of Vancouver Energy and GHG Archetype Home Project Summary 
Report, City Green Solutions, 2018.
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The City of Vancouver Energy and GHG Archetype Home Project 

Summary Report, City Green Solutions, 2018.

Key findings related to comparable operating costs:
• Upgrading NG heating systems to ASHP represents the single greatest energy upgrade 

opportunity for delivering household GHG emission reductions. GHG reductions of 80% to 
87% in homes built in 2000 or earlier and 50% to 60% reduction in homes built after 2000. 

• Envelope upgrades have a very important role to play in reducing annual fuel costs and in 
achieving GHG emission reductions. 

• Envelope upgrades on NG homes are the single greatest opportunity for reducing annual fuel 
costs. 

• For homes that upgrade to an ASHP, envelope upgrades will allow homes to maintain 
comparable annual fuel costs to homes with natural gas heating systems. 

• All archetypes, including the pre-1939 category, are capable of similar GHG emissions 
performance to newer homes with heating system and building envelope upgrades. 
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Gas vs. electricity? Comparing home heating costs in BC, 

D. Heerma/Pembina Institute, 2017 

Near equivalent costs 

Gas vs. electricity? Comparing home heating costs in B.C., D. Heerema, 2017.

https://www.pembina.org/blog/gas-vs-electricity
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Is a Heat Pump Right for You? Jump on a New Heat Pump 

$162 annual cost difference 

https://www.dnv.org/sites/default/files/edocs/Is%20a%20Heat%20Pump%2
0Right%20for%20You.pdf

https://www.dnv.org/sites/default/files/edocs/Is a Heat Pump Right for You.pdf
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Which System is Best For your Home? Bring It Home 4 Climate

https://bringithome4climate.ca/wp-content/uploads/2020/11/Heating_System_Comparison-NaturalGas_vs_HeatPump-Sept2020.pdf

Comparable costs depend on size 
and efficiency of home and system: 
$240 to $960

https://bringithome4climate.ca/wp-content/uploads/2020/11/Heating_System_Comparison-NaturalGas_vs_HeatPump-Sept2020.pdf
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Discussion and Next Steps….

Discussion:
1. There is limited energy bill analysis data available comparing operating costs between natural gas heating systems 

and air source heat pumps.
2. The majority of comparative data, tools and materials available is based on modelled data.
3. Most data available shows that it is cheaper to heat with natural gas than an electric air source heat pump.
4. However,

• Some data shows that the cost difference for heating with a heat pump may be as little as $150 to $200 per 
year.

• Some data, and actual case studies, show that it may be more cost effective to heat with a heat pump if the 
home has both upgraded to a heat pump and completed other home energy retrofits.

Next Steps:
1. Project recruitment
2. Participant survey
3. Participant utility bill analysis to validate actual utility costs for 75 homes
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QUESTIONS/CONTACT INFO:

peter.sundberg@citygreen.ca
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Secondary Sources

1. The Impact of Building Occupant Behavior on Energy Efficiency and Methods to Influence It , A. Paone, & J.P. 
Bacher, 2018.

2. Powering through uncertainty: Shifting habits since COVID-19 restrictions were eased and what that means for 
future electricity demand in B.C, BC Hydro, 2020.

3. No Place Like Home: Fighting climate change (and saving money) by electrifying America’s households, S. Griffith 
& S. Calisch, 2020.

4. Rewiring Communities: A Plan to Accelerate Climate Action and Environmental Justice By Investing in Household 
Electrification at the Local Level, A. Zurofsky, J. Schub, J. Rhodes, T. Curnes, & S. Calisch, 2021.

5. Heating With Electricity, Natural Resources Canada, 2003. 
6. Comparative Energy use of Residential Gas Furnaces and Electric Heat Pumps, S. Nadel, 2016.
7. Life Cycle Cost Analysis of HVAC Systems Across British Columbia, T.Mohebbi, 2020.

https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/news-and-features/report-powering-through-uncertainty-sept2020.pdf
https://static1.squarespace.com/static/5e540e7fb9d1816038da0314/t/5f9125184a17493652db0ba9/1603347768714/No_Place_Like_Home_RA.pdf
https://static1.squarespace.com/static/5e540e7fb9d1816038da0314/t/60a1edb76bbf946c5d0c9351/1621224890250/Rewiring+Communities+-+Report.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/NRCan-Heating with Electricity pg34-38.pdf
https://www.aceee.org/sites/default/files/publications/researchreports/a1602.pdf
file://///sbs2011r2/newdata/2021 Make the Switch/2 - Reference and Research/1 - Literature Review/Lifecycle cost analysis of HVAC systems across BC.pdf

