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Introduction

In Ontario residential energy use is dominated by space heating. Over 60% of energy consumption is
devoted to this single task, and most heating systems are reliant upon burning of fossil fuels.[1] These
contribute signifcantly to the greenhouse gas emissions of the average home. In an effort to reduce
greenhouse gas emissions, we must consider how to best provide for this most basic need – warmth.
Current technology offers air source heat pumps as the most cost effective alternative available at this
time. 

The goal of this study is to determine how likely heat pump technology is to be adopted in Ontario and
what might be the effect on greenhouse gas emission mitigation. Advancements in life cycle assessment
methodology are proposed and implemented to this end. 

Methods

A system dynamics model is used to predict adoption of heat pump technology in Ontario. Historical
data is used to test model predictions. The model allows for multiple competing heating technologies to
be adopted over time, where typically a single “most competitive” technology is favoured in life cycle
assessments of this type.[2]–[5]

Economic modelling is executed at the level of the decision maker (homeowner), instead of at the level
of  the overall  market.  This  enables  adoption rates  to  be  different  in  a  colder  climate,  like  that  of
Timmins, as compared to a warmer climate, like that of Toronto. It also allows predictions to be based
upon the financial contraints of the homeowner without relying upon bulk market data. Population
increases  are  determined from Statistics  Canada census data,  and commodity price predictions  are
generally  at  the  level  of  the  province.  The  technological  advancement  of  heat  pumps  affects  the
economic benefit to the homeowner, factoring into the likelihood of adoption. 

Results

The model performs very well in terms of predicting past adoption rates. It appears well suited to the
currently slow rate of adoption for heat pumps. Predictions show a slight increase in the adoption rate
of heat pumps over the next 10 years despite forecasts of extremely low natural gas and oil prices.
Greenhouse gas mitigation is calculated along with electrical generation requirements of the added heat
pumps in Ontario. 

Further testing of the model performance under various scenarios is yet to be completed. In particular,
the implementation of new policies may have an effect on adoption and heat pump performance. This
modelling technique can be used as a policy design tool just as it can be used for life cycle assessment.



References

[1] NRCan, “Energy Use Data Handbook,” Ottawa, Canada, 2014.

[2] B. Weidema, Market information in life cycle assessment, Environmen., no. 863. Copenhagen: 
Danish Environmental Protection Agency, 2003.

[3] P. H. Nielsen, K. M. Oxenbøll, and H. Wenzel, “Cradle-to-gate environmental assessment of 
enzyme products produced industrially in denmark by novozymes A/S,” Int. J. Life Cycle 
Assess., vol. 12, no. 6, pp. 432–438, 2007.

[4] A. Zamagni, J. Guinée, R. Heijungs, P. Masoni, and A. Raggi, “Lights and shadows in consequential
LCA,” Int. J. Life Cycle Assess., vol. 17, no. 7, pp. 904–918, Apr. 2012.

[5] G. Finnveden, M. Z. Hauschild, T. Ekvall, J. Guinée, R. Heijungs, S. Hellweg, A. Koehler, D. 
Pennington, and S. Suh, “Recent developments in Life Cycle Assessment.,” J. Environ. 
Manage., vol. 91, no. 1, pp. 1–21, Oct. 2009. 


