
Heating & Cooling

Energy is stored in the 
chemical bonds that 
make up natural gas.  
The combustion of gas 
in furnaces, boilers 
and water heaters, 
releases that energy in 
the form of heat. Using 
conventional equipment, 
it is not possible for the 
heat energy output to 
exceed the gas energy 
input. In contrast, a 
heat pump can use the 
energy contained in gas 
to extract heat from 
the ambient outdoor 
environment and deliver 
an overall heat energy 
output that exceeds 
the gas energy input. 
In this way, heat pump 
“efficiency” can surpass 
100% and less natural 
gas is consumed. 

INTRODUCTION 

Heat pumps achieve heating efficiencies beyond conventional limitations because 
they extract renewable heat energy from the air, ground or elsewhere. Natural gas heat 
pumps (GHPs) are of interest because they utilize a low-cost fuel.  GHPs have been ap-
plied in Europe and Japan, but have not made significant inroads in Canada. This study 
analyzed the operation of a GHP installed at the Archetype Sustainable House (ASH) 
Lab in Vaughan, Ontario, during 2017/2018. The aim of the study was to characterize 
the GHP’s performance for cold-climate conditions such that potential energy, cost, and 
carbon reductions could be estimated for different Canadian applications.

TECHNOLOGY

The GAHP-AR from Robur was evaluated. It is an “air-to-water” gas absorption heat 
pump that heats as well as cools. Nominal heating capacity and efficiency are 35.3 kW 
and 126% (HHV), respectively, and it supplies fluids up to 60 °C. A heating-only version 
(GAHP-A) is also available. The unit is single-packaged, installed outdoors on a pad or 
rooftop, and connected to a building via hydronics. It is well-sized for large homes, 
multi-unit residential and industrial-commercial-institutional (ICI) buildings.
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STUDY SITE

The ASH Lab consists of two semi-detached LEED platinum 
homes. It is uniquely equipped with a state-of-the-art data 
acquisition system. The Lab was used as a load during testing.

APPROACH

Heating and cooling performance were measured for different 
conditions (heating efficiency is in Figure 1). An hourly bin 
analysis then considered climate and building data to estimate 
savings versus an efficient boiler for different applications.

FINDINGS

As a cost-effective low-carbon technology, heating-only 
GHPs are preferred in Canada because GHP cooling results 
in notable carbon emissions. GHPs were also projected to in-
crease cooling utility costs for small consumers. Cost implica-
tions of GHP cooling for large consumers are more complex.

DHW applications produce the greatest savings. Figure 2 
shows projected savings. DHW-PH assumed the GHP was used 
for domestic hot water (DHW) pre-heat with a larger boiler. 
DHW assumed the GHP replaced a DHW boiler. SH-48, SH-40 
and SH-32, assumed space-heating loads with a 48, 40 or 32˚C 
inlet fluid temperature. DHW pre-heat exploits lower inlet 
temperatures, warmer outdoor conditions and greater operat-
ing hours to achieve the greatest reductions.

Some applications have a net annual cost rather than sav-
ings due to colder outdoor temperatures and/or higher inlet 
fluid temperatures (see results for Edmonton in Figure 2). 

GHPs can result in substantial carbon reductions and 
could benefit significantly from carbon pricing. Depending 
on the value of carbon and the application, there is potential 
for several hundred dollars in additional annual net savings. 

The GHP operated without issue and no special expertise 
was required for installation, commissioning or operation.

Long cycles are key. The GHP takes ~8 min to reach optimal 
efficiency after turning on. For the greatest savings, system 
design/control should promote cycles that are much longer.

A 10-year payback is feasible for DHW pre-heat applica-
tions in Toronto. The Canadian GHP market is not yet mature 
and capital costs are currently ~3x greater than comparable 
high-efficiency boilers. However, high annual cost savings for 
certain applications makes a 10-year payback period possible 
under ideal conditions.  

CONCLUSION

This study identified suitable applications for the GHP and 
estimated potential savings. However, additional modelling 
work is needed to fully evaluate the benefits for specific 
buildings. Gas absorption heat pumps are a very promising 
technology. While it is not a cost-effective option in every in-
stance, DHW applications especially have potential for notable 
operational cost savings and substantial carbon reductions.

Figure 1. Gas heating efficiency is greatest at warm outdoor temperatures and low 
inlet fluid temperatures. Inlet fluid temperatures are shown using different colours. 

Figure 2. Annual savings projections for different applications, using current utility 
rates. Cycling was neglected and values are therefore an upper limit of potential 
savings. A net cost occurred when electricity increases were greater than gas savings.
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