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Conclusions

• Ground source heat pumps (GSHPs) use subsurface as a heat source/sink for heat
extraction/rejection for heating and cooling of buildings.

• Biodegradation kinetics are temperature-dependent. Therefore, the heat plumes resulted
from GSHP operation could be utilized as a bioremediation-enhancing strategy for
contaminants that are susceptible to heat treatments like monoaromatic hydrocarbons [1].

• Although the favorable impact of the elevated temperature on biodegradation of
petroleum-based contamination is well known, cyclic temperature rise and decline in the
subsurface should be considered in dealing with GSHPs as the result of periodic heating and
cooling demands [2].
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Fig 1: Contaminant spill impacted by GSHP’s thermal plume
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• The elevated temperatures resulting from GSHPs operation can significantly enhance
biodegradation of monoaromatic hydrocarbon contaminants like benzene within one year of
GSHP operation.

• Less remediation potential is found in temperate climates like Vancouver since less
temperature increase occurs in the subsurface during the cooling season.

• Due to sensitivity of biodegradation process to the temperature, accurate heating and cooling
demand analysis is required if remediation potential of a GSHP system is being evaluated.

Monod kinetics is applied in FEFLOW simulation to account for the biodegradation:
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where μ is maximum specific growth rate, S is substrate concentration, y is biomass yield, B is

biomass concentration and Ks is half saturation constant.

To couple the temperature effect, Topiwala-Sinclair model is implemented:

µ = 𝐴. 𝑒−𝐸𝑎/𝑅𝑇 + 𝐵. 𝑒−𝐸𝑏/𝑅𝑇

Topiwala-Sinclair model is calibrated based on the lowest rates found in the literature as the

worst-case scenario:

µ = 2.8 ∗ 1028. 𝑒−20399.3/𝑇 + 6.63 ∗ 10180. 𝑒−128939.1/𝑇

Acknowledgements
This research is supported by NSERC who provide funding through York University.

A benzene spill with concentration of 100 mg/L is modelled and transient mass transport
simulation with temperature-dependent biodegradation is performed to achieve the
contaminant mass concentration and breakthrough curves:

• Thermal plumes vary based on the hydrogeological characteristics and building thermal
loads which in turn depends on building architecture, occupancy and climate.

• The goal of this research is to study the impact of changes in heating and cooling demands
of a building located in different climates in Canada.

• A 3D numerical model is developed in FEFLOW based on a 3-story office building located in 3
Canadian cities of Toronto, Vancouver and Windsor as a vertical ground heat exchanger
system in a borefield with 18 boreholes.

• Temperature-dependent biodegradation kinetics are employed in a coupled flow, heat and
mass transport simulation to study the effect of heat from the GSHP on a benzene
contaminant spill’s fate and transport.
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Fig 2: 3D finite element model used in FEFLOW

Vancouver building has the lowest heating and cooling demands due to its temperate climate
while Windsor building demonstrates the highest cooling load and Toronto building shows
highest heating demand.

Fig 3: Ground thermal load for 3 buildings in different climates

Based on the heat transfer analysis for one year of GSHP operation, subsurface temperature
distribution is achieved and coupled to the biodegradation kinetics.

Fig 4: Thermal plume development at 30 m below ground surface at the end of December in different cities

Fig 5: Monthly average subsurface temperatures for the case study building in different cities

Fig 7: Breakthrough curves with temperature-dependent biodegradation rates at 5 m horizontal distance from 
the benzene spill

Fig 6: Benzene concentration after one year of GSHP operation in Toronto with temperature-dependent 
biodegradation 


