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Abstract

This study presents an analysis on the feasibility of gas
engine heat pumps (GEHP) as a transitory technology
in the Canadian market towards reducing greenhouse
gas (GHG) emissions. As a result of using a gas engine
to power a compressor heat pump, the system offers sea-
sonal performances beyond any traditional combustion
heating system, consistent heating capability through-
out extreme winter conditions, in addition to cooling in
the summer.

At the present, GEHPs see limited use in Canada but
can offer building operators the opportunity to save en-
ergy and reduce carbon emissions, compared to conven-
tional gas-fired equipment. GEHP-operating archetype
buildings are simulated in several Canadian cities with
a range of electric grid intensities and climates, to esti-
mate GHG emissions reductions potential of this heat
pump technology for space heating and cooling. A
threshold for electric grid intensities was also deter-
mined above which GEHPs guarantee GHG emissions
reductions.

Introduction

Heat pumps are mechanical devices that achieve high
efficiencies for heating and cooling by harvesting ther-
mal energy from outside of a building. Electrically
driven heat pumps are widely suggested for heating
and cooling of buildings in a low-carbon future (Gaur
et al. (2021)). According to research from The Atmo-
spheric Fund (TAF) (Patel et al. (2015)), however, non-
heat pump electric and natural gas powered systems are
still dominating the HVAC market in Canada. This is
mostly due to high investment costs, lack of familiarity
with the technology, and skepticism about performance
of heat pumps in a predominantly cold climate.

Gas-engine heat pump (GEHP) units use a combustion
engine to drive the compressors of the heat pump in-

stead of an electric motor, see Figure 1. In addition to
the heat provided by the condenser of the compression
heat pump unit, the gas engine offers heat recovery via
both the engine’s cooling liquid heat exchanger and the
exhaust flue gas heat exchanger (Hepbasli et al. (2009)).
This additional heat energy from the engine permits
the GEHP systems to offer continuous operation dur-
ing defrosting of the outdoor unit heat exchangers, to
offer highly efficient and powerful heating even when
outdoor air temperatures are low as well as to provide
fast heating start up (Roselli et al. (2021)).

The gas-engine heat pump system can also function
as an integrated system in summer, providing space
cooling and water heating at the same time (Elgendy
et al. (2010)). This technology offers Canadian building
owners the opportunity to reduce energy demand and
greenhouse gas emissions. Retrofitting with this tech-
nology can also be considered a good option for existing
buildings that are heated by natural gas. In contrast to
electric heat pumps, GEHPs can decrease peak electric-
ity demand in both summer and winter while still of-
fering GHG emissions reduction potential. In Canada,
the potential will be larger for regions where electricity
is predominantly generated via fossil fuels, like in Al-
berta, Saskatchewan or Nova Scotia. The GEHP tech-
nology further offers opportunities to incorporate re-
newable energy into gas-based heating technologies for
Canada’s built environment, by integrating solar en-
ergy, renewable natural gas or bio-fuels.

Based on before-mentioned characteristics, GEHPs
seem to be a good candidate to help achieve Canada’s
climate change mitigation goals by reducing greenhouse
gas (GHG) emissions in the built environment. Being
located in a very heating dominated climate as shown
in Figure 2, Canada’s built environment seems to be a
good setting for the use of GEHPs.

In addition to the intrinsic advantages for heating dom-



Figure 1: Schematic of a GEHP with the compressor of a refrigeration cycle being directly driven by a natural gas
engine. The engine cooling jacket and flue gas heat exchanger allow for heat recovery.

Figure 2: Map of Canada with indicated climatic zones (CZ). Stars mark the locations covered in this study per
climate zone (CZ) from left to right: CZ 8 Yellowknife (NT); CZ 7B Whitehorse (YT), Fort McMurray (AB),
Goose Bay (NL); CZ 7A Edmonton (AB), Saskatoon (SK); CZ 6 Ottawa (ON), Halifax (NS), Fredericton (NB);
CZ 5 Toronto (ON); CZ 4 Victoria (BC)



inated climates, the GEHP system shows particularly
high efficiencies when operated in part load (Xu and
Yang (2009)). Rad and Zaidi (2021) investigated the
performance of a GEHP installation in Cobourg, On-
tario and they showed that the system achieves very
high efficiencies, even exceeding the rated efficiency
of the system, in particular during part load opera-
tion. Current modeling studies however do not con-
sider the part load efficiencies of GEHP but rather use
performance data at maximum capacity of the GEHP
(Baig et al. (2020)). Baig et al. (2020) use a cali-
brated building model together with manufacturer per-
formance data to assess the GHG emissions reduction
potential of GEHPs compared to standard building
equipment.

The presented study expands on this approach by in-
cluding part load data when simulating the perfor-
mance of an air-source, natural gas driven heat pump
for space heating and cooling. This study calculates the
GHG emissions reduction potential that the use of a
GEHP can achieve within the Canadian building stock
in comparison to baseline HVAC systems with natural
gas furnaces/boilers and electric chillers. Furthermore,
theoretical electric grid intensities are discussed that
represent a potential threshold for GHG emissions re-
ductions when switching to GEHP systems for heating
and cooling.

Methods

The presented study compares the GHG emissions of
archetype buildings with minimum requirements ac-
cording to the National Energy Code of Canada for
Buildings in it’s 2017 version (NECB 2017) to the GHG
emissions of the same building type, but with space
heating and cooling demands met by a GEHP instead
of reference equipment. The building’s heating and
cooling demand is calculated with EnergyPlus by using
archetypes from NRCan’s Building Technology Assess-
ment Platform (BTAP).

The locations that are studied are shown in Figure 2
and are listed in Table 3. Building loads for heating and
cooling are calculated for building archetypes that are
modeled according to current Canadian Building Codes
NECB (2017). The archetypes in the present study
are a mid-rise apartment building, a medium office and
a warehouse. Both the dimensions of the archetypes
and their annual heating and cooling demand can be
found in Table 1. The equipment that is used to meet
energy demand for the reference case are natural gas
furnaces/boilers for heating and electric AC units for
cooling.

Figure 3 and Figure 4 show the performance data of the
GEHP that was used in this study. The gas utilization

Figure 3: Cooling performance data for studied heat
pump: gas utilization efficiency (GUE) as function of
outdoor dry bulb (ODB) temperature and part load ra-
tio, manufacturer data for indoor suction temperature
of 24 °C.

Figure 4: Heating performance data for studied heat
pump: gas utilization efficiency (GUE) as function of
outdoor dry bulb (ODB) temperature and part load ra-
tio, manufacturer data for indoor suction temperature
of 19.45 °C



Table 1: Details for archetype buildings. Building loads vary by local climate.

Building Type floor area in m2 heating load cooling load
(number of storeys) range in GJ/yr range in GJ/yr

Medium Office 4982 (3) 189-665 168-887
Midrise Apartment 3135 (3) 147-604 428-997
Warehouse 4835 (1) 506-1249 98-699

efficiency (GUE) is used to describe the efficiency of
the GEHPs, depicted as function of the part load ratio
(PLR) at varying outdoor temperatures. The GUE is
defined as

GUE =
Eheat/cool

Egas
(1)

with Eheat/cool as the energy supplied to meet the

heating or cooling load of the building and Egas as the
energy provided by the gas consumption of the GEHP
calculated with the lower heating value, both in J.

PLR is defined as

PLR =
Q̇heat/cool

Q̇cap
, (2)

with Q̇heat/cool as heating and cooling supply and

Q̇cap as the available capacity of the GEHP for heat-
ing and cooling at given temperature conditions, both
in W. Figure 3 shows the performance of the GEHP in
cooling mode at outdoor temperatures between 20 and
40 � and Figure 4 shows the performance in heating
mode at outdoor temperatures between -10 and +15�.
It can clearly be seen that the efficiency of the heat
pump increases for lower part load ratios with maxi-
mum efficiency around the 50 % load point. Capacity
and gas consumption of the GEHP was provided for a
set of outdoor and indoor air dry bulb temperatures in
both heating and cooling mode. For the part load per-
formance, data was provided by the manufacturer from
a measured data set from Intertek at rating conditions
according to standard AHRI 1230-2014 (Air Condition-
ing, Heating and Refrigeration Institute (2014)).

At this point, the simulation extrapolates performance
data to temperatures below -10 � due to lack of data at
those load points. The authors are working to acquire
measured performance data to expand the performance
data sets to colder temperatures. Until then, the results
of this study must be considered with reservations.

The buildings’ energy use was calculated in 10 minute
intervals. For the reference buildings, both electricity
consumption for cooling and gas consumption for heat-
ing was calculated. For the buildings with GEHPs, gas
consumption was calculated assuming that the build-
ing’s heating and cooling demands are met by GEHP

units at any point in time. The GHG emissions were
then calculated for both the reference archetypes with
standard heating and cooling equipment and for the
same building archetypes with heating and cooling sup-
plied by GEHPs.

Furthermore, the following assumptions were made in
this study:

� Electricity and gas consumption of the reference
buildings for heating and cooling are calculated as-
suming a constant heating efficiency of 83% for a
gas-fired furnace/boiler and a COP of 3.28 for the
cooling equipment according to NECB 2017.

� The use of GEHPs instead of the reference equip-
ment does not result in alteration of the building’s
heating and cooling demand nor does it impose any
limitations to meeting those demands. It is rather
assumed that the GEHPs at any point in time have
the capacity to meet the building demand.

� A simplified control strategy was used for heat
pump operation: Once the building load exceeds
the capacity of the GEHP at a given point in time,
the simulation assumes that as many heat pump
units as necessary to meet the load are operated
simultaneously and the building load is equally
shared among the heat pump units.

� The study uses historic data files for the weather
in the locations of this study.

� Electric grid emission intensity (consumption) fac-
tors (Environment and Climate Change Canada
(2020)), see Table 3, and GHG emissions for nat-
ural gas use (Environment and Climate Change
Canada (2022)) are yearly averages for 2020 taken
from a dataset published by Environment and Cli-
mate Change Canada and reported to the UN.

Relative GHG emissions (GE) reductions are calculated
with

rel GEreduction =
GEref −GEGEHP

GEref
(3)

with the GHG emitted when meeting the building’s
heating and cooling demand with the reference equip-
ment (GEref) or with the GEHP (GEGEHP), each re-
ported in grams of CO2 equivalents.



Figure 5: Reduction in electricity and gas demand of
a medium office building when switching from the ref-
erence system to a GEHP. Positive values signify that
the GEHP saves electricity or natural gas compared to
the reference system.

Results and Discussion

Figures 5 - 7 show how the primary energy demand
changes when switching the heating and cooling supply
from the reference system to the natural gas engine-
driven heat pump (GEHP) system. The electricity de-
mand naturally diminishes in each case for all archety-
oes and locations, because cooling is switched from elec-
tric to gas based. As exemplary cases, the archetype
buildings are depicted in Ottawa and Yellowknife, be-
cause they represent extreme cases. In Yellowknife,
heating is dominant so that the gas consumption al-
ways decreases even though cooling is now provided
with a gas-based technology instead of electricity. On
the other hand, in Ottawa’s medium office (Figure 5)
and mid-rise appartment (Figure 6), gas use of the
GEHP system increases significantly compared to the
reference system because of the high cooling load of the
archetype building. For the warehouse archetype how-
ever (see Figure 7), heating is more dominant and as
a result, the GEHP achieves a significant reduction in
natural gas use compared to the reference system.

To get a sense of the decarbonization potential of
GEHPs, the results of the simulation study are pre-
sented as absolute greenhouse gas (GHG) emissions re-
ductions in CO2eq of the natural gas engine-driven heat
pump (GEHP) system with respect to the reference sys-
tem of natural gas furnace/boiler and electric chiller.

Figures 8 - 10 show the reduction of GHG emissions
achievable over the period of 1 year when replacing the
standard heating and cooling equipment in one building
of the studied archetypes with a GEHP. Table 2 lists
those reductions as relative values according to Equa-
tion 3. It can be seen that the GHG emissions reduction
potential is quite large for the colder climate zones and
locations with a predominantly fossil-fuel-based elec-

Figure 6: Reduction in electricity and gas demand of a
mid-rise appartment building when switching from the
reference system to a GEHP. Positive values signify
that the GEHP saves electricity or natural gas com-
pared to the reference system.

Figure 7: Reduction in electricity and gas demand of a
warehouse when switching from the reference system to
a GEHP. Positive values signify that the GEHP saves
electricity or natural gas compared to the reference sys-
tem.

Figure 8: Absolute GHG emissions reductions potential
(GEreference - GEGEHP) for medium offices in vari-

ous locations. Positive values represent a net decrease
in GHG emissions when switching to GEHP.



Figure 9: Absolute GHG emissions reductions potential
(GEreference - GEGEHP) for warehouses in various

locations. Positive values represent a net decrease in
GHG emissions when switching to GEHP.

Figure 10: Absolute GHG emissions reductions poten-
tial (GEreference - GEGEHP) for midrise apartment

buildings in various locations. Positive values repre-
sent a net decrease in GHG emissions when switching
to GEHP.

Table 2: Relative GHG emissions reduction per location
and archetype building. Positive values represent a net
decrease in GHG emissions when switching to GEHP.

Location Building Type
Medium Ware- Mid-rise
Office house Apartment

Whitehorse 40 % 51 % 10 %
Saskatoon 46 % 51 % 46 %
Toronto -120 % -6 % -175 %
Ottawa -80 % -10 % -111 %

Yellowknife 41 % 53 % 29 %
Halifax 41 % 43 % 44 %

Goose Bay 27 % 50 % 5 %
Fredericton 8 % 33 % 6 %
Victoria -93 % -0 % -255 %

Fort McMurray 48 % 53 % 48 %
Edmonton 46 % 50 % 44 %

tricity grid like Alberta in climate zone 7A and 7B. On
the other hand, in warmer climates and with a cleaner
grids like in Ontario with Toronto in climatic zone 5 and
Ottawa zone 6, the GEHP installation does not achieve
GHG emissions reductions compared to the reference
system. This is due to increased cooling demands which
are, in the reference case, met by an air-conditioning
unit running on relatively clean electricity. The GHG
emissions reduction that are achieved by meeting the
heating demand with an efficient heat pump instead
of a furnace or boiler can be, in locations with a clean
electricity grid, offset by increased GHG emissions from
natural gas-based cooling. For the warehouse which has
the highest heating demand of all studied archetypes,
GHG emissions reductions are much higher compared
to the other archetypes, see Figure 9.

GHG emissions are calculated based on emission inten-
sity factors that are reported for 2020 (Environment
and Climate Change Canada (2020)). While this pro-
vides an overview of the potential for GHG emissions
reductions (GEHP compared to reference equipment)
for current electricity grids, we have further estimated
a theoretical threshold electric grid emission intensity
factor that would ensure a GEHP installation reduces
GHG emissions compared to the reference case also in
future scenarios. Table 3 gives an overview of the stud-
ied locations, corresponding climate zones and the cur-
rent grids’ emission intensity factors as well as an esti-
mated theoretical threshold for the emission intensity
factor. This threshold electric grid emission intensity
factor is the threshold above which the change from ref-
erence system to GEHP-based heating and cooling low-
ers GHG emissions, under the assumptions made in this
study. Table 3 gives the highest minimum threshold



Table 3: Locations, Climate Zones, gas emission factors by province according to Environment and Climate Change
Canada (2022), and current grid emission intensity factors by province, given as consumption intensity for 2020
according to Environment and Climate Change Canada (2020). Theoretical threshold grid emission intensity factors
would ensure that GHG emissions reduction are achieved when heating and cooling a mid-rise apartment with a
GEHP instead of the reference system.

Location Climatic natural gas emission factor grid emission intensity factor
Zone in gCO2eq/m

3 in gCO2eq/kWh
current threshold

Yellowknife 8 1966 180 -101
Whitehorse 7B 1966 110 42
Goose Bay 7B 1921 25 -12

Fort McMurray 7B 1962 640 109
Edmonton 7A 1962 640 236
Saskatoon 7A 1920 620 176
Fredericton 6 1921 300 269
Halifax 6 1921 680 319
Ottawa 6 1921 28 271
Toronto 5 1921 28 313
Victoria 4 1966 7.8 347

per location which is consistently given for the Midrise
Apartment archetype as it has the highest cooling load
of the studied archetypes and thus offers the lowest po-
tential for GEHPs. The threshold emission intensity
factor for the eletric grid can be negative for certain
archetype buildings and climate zones which implies
that the GEHP system will reduce GHG emissions re-
gardless of how clean the electricity grid is. This is the
case in the colder climate zones with predominantly
heating demand in the built environment and for all
the warehouses except for Toronto and Victoria.

Conclusions and Outlook

Gas engine-driven heat pumps (GEHP) offer potential
for greenhouse gas (GHG) emissions reductions while
being able to supply both heating and cooling to build-
ings in Canada. GHG emissions can be reduced by
around 50 % compared to standard HVAC equipment
with a large portion of that being due to the increase
in efficiency during heating mode. The initial assump-
tion that GEHPs would be a good fit for buildings in
the Canadian Climate Zones was confirmed by the pre-
sented study.

The results further show that the current emission in-
tensity factors of the electric grids in many of the stud-
ied locations are still high above a theoretical thresh-
old that allows large potential for GHG emissions re-
ductions when replacing a gas-based furnace/boiler and
electric air conditioning system with a GEHP that pro-
vides cooling in summer and heating in winter. In other
words, the GEHP system can achieve carbon reductions
in many Canadian locations, even when the electricity

grids become much cleaner than they are today.

The presented study is based on assumptions that sim-
plify the simulation of GEHP performance. For the
efficiencies of the reference system, constant values are
used instead of considering a change with temperature
and load. Further, change in secondary equipment is
neglected, e.g. the heat pump might require more or
less fluid pumps or more or less fans to distribute air
in the building. Noticably, the GUE of the GEHP is
simulated as constant below -10 � for lack of better
data. It is to be expected that the performance of the
heat pumps would slightly decrease at lower tempera-
tures. On the other hand, the GEHPs part load be-
haviour offers potential for optimization through con-
trol strategies ensuring each heat pump unit runs at
it’s optimal performance. Hence, the results presented
here are primarily for a potential assessment and fur-
ther refinement of the study is required. Future work
could include

� Conduct full building energy simulations that en-
able the assessment of GEHP performance while
also considering the changes of the energy distri-
bution within the building and the interaction of
the heat pump system with the building’s HVAC
equipment.

� Compare the GEHP to electric heat pump systems
for both heating and cooling.

� Consider marginal grid emission intensity factors
instead of yearly averages to assess the potential
of GEHPs in shaving electricity consumption peaks
in both summer and winter.

� Improve GEHP model accuracy by expanding the



current performance data sets with measured data
from installations in cold Canadian climates.

� Incorporate enhanced control strategies for opera-
tion of multiple heat pumps while optimizing for
efficiency.
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