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Novel Solar-driven Space Cooling System
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Abstract

Total annual residential space cooling demands in Canada
(and corresponding greenhouse gas emissions) are steadily
increasing. A potential pathway to counteract this trend is to
move away from carbon intensive electricity driven cooling
technologies like plug-in air conditioners towards more
sustainable thermally driven alternatives such as sorption-
based solar-driven systems. In this study, a numerical model
is developed of a low-energy multi-unit residential building
(located in Ottawa, Canada) comprising a solar-driven
adsorption chiller system. Beyond space cooling, the
proposed system also provides heat for meeting the
building’s required domestic hot water, space heating, and
ventilation needs. Results show that during the cooling
season (May — October), total greenhouse gas emissions are
reduced by roughly 22% relative to a reference building that
is conditioned using a conventional electricity-only system.
On an annual basis, these reductions increase to
approximately 52%.

Introduction

The total residential cooling load in Canada has increased
steadily over the past three decades and is projected to
continue in this vein for years to come. For example,
between 1990 and 2017, the residential space cooling
demand in Canada increased by 181% (Natural Resources
Canada, 2019). An increase in cooling demand directly
correlates with an increase in electrical demand in Canada
since electrically driven air-source vapour compression
chillers are the devices most commonly used for space
cooling. Further exacerbating this problem are the onset of
electrical load peaks that typically occur in the late
afternoons and evenings across a region or province as a
result of widespread simultaneous building cooling loads at
these times. These cooling load events can force electrical
grids to ramp up peaking fossil fuel generators that are
typically polluting and expensive (Natural Resources
Canada, 2016). In the province of Ontario, Canada, peak
electrical loads are typically met using natural gas
generators. Plans to develop new fossil fuel peaking plants
are currently underway to meet the predicted rise of
residential cooling demands in the years ahead and maintain
grid stability (IESO, 2023; International Energy Agency,
2018). Adsorption cooling systems offer a solution to

mitigate the problem of high peak electrical demands
derived from space cooling as they can be driven from waste
heat or solar energy and thus provide space cooling to
buildings without the substantial electrical demands
associated with traditional vapour compression refrigeration
cycles. Reducing electrical demands from cooling will in
turn reduce the greenhouse gas (GHG) emissions associated
with conditioning buildings. Solar energy is an excellent
resource to provide cooling as the times of day with the
highest solar irradiance correspond to those with the highest
cooling demand. With the addition of thermal storage, solar
adsorption cooling systems can meet the cooling demands
of a residential building with minimal use of electricity.
Thermal storage also allows the system to meet the majority
of the heating loads during the winter season which
increases cost savings for the homeowner.

The use of solar-driven adsorption-based chiller systems has
been experimentally tested and numerically modelled in
several studies. Thomas et al. (2013) performed an
experimental test and numerical study of a solar adsorption
cooling system in Belgium that provided cooling for a
laboratory building. The experimental results from this
study showed that a 40% energy saving relative to a
traditional air conditioning system was possible over a 36-
day period from June to August. Li et al. (2019). created a
numerical model of a solar adsorption cooling system
combined with river water and a heat pump for space
conditioning of a laboratory building in Shanghai, China.
The modelling was carried out in the TRNSYS environment
and achieved a solar fraction of 46.4% during the summer.
Fong & Lee (2014) numerically modelled a hybrid space
cooling system with a solar driven adsorption chiller and
ground source heat pump. The system was proposed for an
office building in Hong Kong. Simulation of the system was
carried out in TRNSY'S and showed that the hybrid system
outperformed the conventional air conditioning system as
well as the solar adsorption chiller and ground source heat
pump when operating individually. McNally (2020) showed
that adsorption cooling systems can be effective in northern
climates via an experimentally validated TRNSYS
simulation of a solar adsorption space conditioning system
in a variety of Canadian locations. The study examined a
solar adsorption system for a single residential detached
house and found that the solar adsorption system provided
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energy savings but was not economically feasible. The
study did not consider larger multi-unit residential buildings
(MURBESs) which are better suited to adsorption systems due
to economies of scale. This study explores the use of a solar-
driven adsorption space conditioning system in a low-
energy MURB located in Ottawa, Canada. The objective is
to demonstrate the potential technical and environmental
benefits of utilizing a solar adsorption system to meet the
domestic hot water (DHW) and space conditioning (i.e.,
heating and cooling) demands in a low-energy MURB
located in Ottawa, Canada.

Methods

A numerical model is developed in the TRNSYS
environment of a 12-unit low-energy MURB located in the
city of Ottawa, Canada which consists of a solar-driven
adsorption space conditioning system (TRNSYS, 2023).
Additionally, a reference system model is developed in
TRNSYS of the same low-energy MURB equipped with a
conventional heating and cooling system for comparison.
The following sections provide a detailed description of the
methods used to develop the models, and the performance
metrics utilized in this study.

Low-energy MURB Model

The low-energy MURB considered in this study is based on
a proof-of concept created by EcoGen Energy and Build
(Weissflog, 2023). The intended purpose of the building is
for community housing in Ottawa. Ottawa’s climate
consists of cold winters and hot humid summers, so the
building’s mechanical systems need to meet both significant
heating and cooling loads. The MURB model is developed
in TRNSY'S and consists of 14 thermal zones with one zone
for each of the conditioned units (1295 m? of total
conditioned floor area) and two unconditioned zones for the
mechanical room and attic. Figure 1 shows a visual
representation of the 12-unit low-energy MURB model.

Figure 1: Depiction of 12-unit low-energy MURB modelled
in TRNSYS.

The building model shown in Figure 1 is oriented such that
the ridgeline of the roof runs east-west and the exterior
facade with windows faces north. The building model
represents a MURB with slab on grade construction that is
built to comply with the ENERGY STAR for New Homes
Standard developed by Natural Resources Canada (Natural
Resources Canada, 2015). The opaque building assemblies,
material thermophysical properties and windows used in the
MURB model are the same as those used in the Urbandale
Centre for Home Energy Research (CHEeR) located at
Carleton University (Beausoleil-Morrison, 2021). The
windows used in the MURB model have a solar heat gain
coefficient of 0.585. Table 1 shows the description of each
of the building envelope components.

The occupancy and internal gains data are obtained from
ASHRAE’s Handbook of Fundamentals (ASHRAE, 2021).
Typical occupancy and internal gains schedules for
residential buildings are obtained from COMNET codes and
standards (COMNET, 2016). Air infiltration for the model
is calculated using the Sherman Grimsrud method with an
effective leakage area of 649.6 cm? (Sherman & Grimsrud,
1980). The effective leakage area is calculated using blower
door data from the CHEeR building and is subsequently
scaled by the ratio of the above ground surface area between
the CHEeR building and the MURB (Beausoleil-Morrison,
2021). The heat exchange between the building and the
ground is calculated assuming a spatially uniform
temperature across the entire slab that varies seasonally
according to a model developed by Xing (Xing, 2014). This
ground temperature modelling approach is also used in
EnergyPlus (U.S. Department of Energy, 2022). This
relatively simple ground heat exchange method is chosen
over the more detailed finite-difference models to reduce the
computational intensity of the simulations. The authors
believe that the simplified ground heat exchange method
does not lead to significant errors as the MURB does not
have a basement and it contains a highly insulated slab.
Finally, the MURB model and all simulations that include it
use the Ottawa, Ontario Canadian weather year for energy
calculation (CWEC) file for all climatic input data. In all
simulations the 2020 version of the CWEC files is used
(Environment and Climate Change Canada, 2023).

Proposed System Model

The mechanical system proposed in this study can deliver
space heating, space cooling, and DHW heating primarily

Table 1: Building envelope components used in the MURB

Building Material Components (from exterior to interior) [total thickness] U-Value

Component (W/m?K)
Exterior Walls Cedar siding, Air gap, OSB, EPS, Wood stud and batt insulation, Gypsum board [0.216 m] 0.193
Main Storey Floor Concrete, XPS [0.250 m] 0.185
Second Storey Floor Gypsum board, Wood stud and batt insulation, Floorboard [0.278 m] 0.080
Attic Floor Gypsum board, Wood stud and batt insulation, Floorboard [0.541 m] 0.078
Pitched Roof Asphalt shingles, Sheathing board [0.043 m] 2.034
Partition Walls Gypsum board, Wood stud and cavity, Gypsum board [0.166 m] 0.143
Windows Triple-glazed, argon filled, polyvinyl frames 0.780
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through the collection of solar energy. Solar thermal energy
is first collected using solar collectors and is then stored in
a thermal storage tank. From the storage tank the energy can
be used to deliver space heating though a heating coil, space
cooling via a 14 kW SorTech adsorption chiller, or DHW
heating through a heat exchanger. As shown in Figure 2, the
system consists of six distinct fluid circulation loops
including the solar collector loop (yellow), hot water loop
(red), cold water loop (blue), cooling tower loop (green) and
DHW loop (orange). The system also includes a constant air
volume (CAV) air handling unit. The details of each of these
components are discussed below in turn.

A 50/50 solution of propylene glycol and water circulates
through evacuated tube solar collectors in the solar collector
loop. The solar collectors are inclined at a typical summer
biased tilt angle equivalent to the location’s latitude minus
15° (30.32° for Ottawa) (Duffie & Beckman, 2020). The
solar collector loop is linked to the hot water storage tank
through a heat exchanger such that energy from the solar
collectors can be transferred to the hot storage tank. The
pump in the solar collector loop is a variable speed pump
and is controlled to circulate the water glycol solution
through the collectors when the water glycol exiting the
solar collectors is hotter than the bottom of the hot storage
tank by at least 5°C.

The hot storage tank charging loop connects the solar
collector loop to the hot storage tank. The pump in the hot
storage tank charging loop is also a variable speed pump and
circulates fluid to charge the storage tank whenever the solar
collector loop pump is running. When the temperature of the
solar collectors is insufficient for energy to be collected, a
minimal flow rate is maintained by the collector loop pump
to prevent freezing in the loop. The solar loop also contains
the solar dissipater which is a heat transfer coil that allows

the loop to reject heat to the surroundings. A control valve
diverts flow through the dissipater if the hot storage tank
becomes saturated. The hot storage tank is considered to be
saturated when the top of the tank reaches 95°C. Both the
collector loop pump and the hot storage tank charging loop
pump operate simultaneously to allow any excess heat to be
dissipated.

The hot water loop connects the hot storage tank to the
adsorption chiller, heating coil, and DHW loop (the latter
via a heat exchanger). The hot water loop pump and control
valves are operated via a central controller that responds
according to the loads that are present in the system. The hot
water loop can supply the adsorption chiller, heating coil,
and DHW loop individually or simultaneously. The pump
flow rate and control valve positions are adjusted to meet
any combination of loads. If the temperature in the hot
storage tank is insufficient to meet the heating load or drive
the adsorption chiller, an in-line auxiliary -electrical
resistance heater with a capacity of 4.2 kW is used to
increase the temperature in the hot water loop. The auxiliary
heater setpoint varies between the heating and cooling
seasons from 30°C to 50°C, respectively.

The cold water loop consists of the cold storage tank with
the adsorption chiller on the source side and the cooling coil
on the load side. The adsorption chiller is modelled using a
performance map created by McNally (see Model
Validation section for further details) (McNally, 2020).
There is a constant speed pump on each side of the cold
storage tank. The load side pump is controlled by the air
handling unit (AHU) controller such that when the building
calls for cooling, the pump circulates water from the cold
storage tank to the cooling coil. The source side pump and
the adsorption chiller are controlled together based on the
temperature at the bottom of the cold storage tank. A
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Figure 2: Schematic of proposed solar-driven adsorption space conditioning system used to deliver space heating, space
cooling, and DHW to the low-energy MURB. The system consists of solar thermal collectors, hot and cold thermal storage
tanks, a DHW tank, an adsorption chiller, and an air handling unit.
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differential controller with a dead band of 3°C maintains the
tank temperature at 12°C. This temperature is used as the
minimum inlet temperature of the adsorption chiller is 10°C
and a 12°C tank setpoint ensures the temperature does not
fall below this minimum. The cold water loop is only
operated during the cooling season.

The cooling tower loop links the adsorption chiller to an
outdoor cooling tower using a constant speed pump to
circulate water and allow the chiller to reject heat to the
outdoors via a fan. The cooling tower loop pump and fan are
turned on whenever the adsorption chiller is operational.
Similar to the cold water loop, the cooling tower loop is only
operated during the cooling season. The working fluid must
be drained during the heating season to prevent freezing.

The DHW loop links the DHW tank to the main hot water
loop. A constant speed pump circulates water in the DHW
loop to transfer heat from the hot water loop and meet DHW
loads. The DHW loads of the low-energy MURB building
are estimated using the ASHRAE 90.2 DHW draw profile
which assumes a daily hot water draw of 243 L per unit
(ASHRAE, 2018; Edwards et al., 2015). The pump in the
DHW loop is controlled based on the temperature of the
DHW tank (with a differential controller that uses a 60°C
setpoint and a 4°C dead band) and the temperature at the top
of the hot storage tank. The pump in the DHW loop only
circulates water to transfer heat from the hot water loop if
the temperature at the top of the hot storage tank is greater
than 65°C and the DHW tank temperature is less than 58°C.
If the hot storage tank is not hot enough, an immersed
electrical heater in the DHW tank is used to meet the DHW
loads. The inline heater in the hot water loop is not used to
meet DHW loads as the chosen control strategy allows the
hot storage tank to drop to lower temperatures during the
heating season to increase solar collector efficiency.

The system that delivers air to the 12-unit MURB is a CAV
air handling system with a central AHU that provides
heating, cooling and ventilation to the MURB. The central
AHU includes a heating coil, cooling coil, supply fan, return
fan and a heat recovery ventilator (HRV) for recovering heat
from exhaust air. It is assumed that the HRV has an
effectiveness of 65% (Natural Resources Canada, 2021).
Ventilation is continuously provided through the AHU and
the outdoor air fraction is adjusted such that a minimum
fresh air flow rate of 30 L/s is provided to each unit in
accordance with CSA-F326-M91 (CSA Group, 2019). The
AHU also has an economizer mode such that the outdoor air
fraction becomes 100% when the outdoor air temperature is
cooler than the indoor air temperature and the building is
calling for cooling. The AHU is controlled by a single
thermostat located in the second-floor end unit on the
building’s west end. The end units have the largest peak
heating and cooling loads and are thus used for control to
ensure the loads are always being met. The air flow rate to
each zone is scaled proportional to its maximum heating and
cooling loads. Finally, the heating and cooling setpoints for

the building are 20°C and 24°C, respectively, and during the
heating season there is a nighttime setback to 18°C.

Reference System Model

The reference system used in this study consists of the same
low-energy MURB except that space heating loads are met
with electric baseboard heaters, space cooling loads are met
with unit-level mini-split air-source air conditioners, DHW
loads are met with a centralized electric hot water tank and
ventilation is provided by unit-level HRVs. Any electrical
resistance heating (baseboard or DHW) in the reference
system is assumed to be 100% efficient. Each of the 12 units
in the reference MURB has a heating capacity of 5 kW and
a rated cooling capacity of 3 kW. The rated coefficient of
performance (COP) of the air conditioners is 3.5 (Natural
Resources Canada, 2024). The COP of the air conditioners
varies based on the outdoor dry bulb temperature, the indoor
dry bulb temperature, the indoor wet bulb temperature, and
the air flow rate though the evaporator according to the
default normalized performance map found within
TRNSYS Type 921, which is developed based on
experimental measurements of an air conditioner (Bradley,
2023; TESS, 2014). Ventilation in the reference system is
provided by an HRV with a continuous flow rate equal to
the minimum outdoor air flowrate provided in the solar
adsorption system. The HRV is assumed to have an
effectiveness of 50% (Panasonic, 2023). Finally, the heating
and cooling setpoints used in the reference system are the
same as those used in the proposed solar adsorption system.

Model Simulation and Validation

Both the proposed and reference system models are
simulated in TRNSY'S using a five-minute timestep.

The TRNSYS simulation model and associated components
are validated by means of a system wide energy balance
considering all energy flows entering and exiting the
system. The energy balance shows that the energy inputs to
the system are larger than the outputs by roughly 1.77% on
an annual basis which can be considered negligible. The
adsorption chiller component of the simulation is
experimentally validated. A study by McNally (2020)
developed an experimental performance map of a 14 kW
SorTech adsorption chiller. The chiller was tested in a lab
using constant flow rates of 42 L/min in the hot water loop,
80 L/min in the heat rejection loop, and
49 L/min in the cold-water loop. The chiller performance
map covers a range of chiller inlet water temperatures from
45°C — 90°C in the hot water loop, 22°C — 30°C in the heat
rejection loop, and 10°C — 22°C in the cold-water loop
(McNally, 2020).

Component Sizing

The mechanical components in the low-energy MURB
model are sized based on the peak heating and cooling loads
of the building, physical constraints of the building, and
required flow rates for specific system components. The
peak space heating and cooling loads for the MURB are
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estimated by performing a simulation of the building with
the mechanical system replaced by an idealized infinite
capacity heating and cooling system.

The rated capacity of the heating and cooling coils are
assumed to be equal to the maximum heating or cooling
load. The required air and water flow rates through the coils
are calculated using Equation 1

. Q

M= AT M
where m is the mass flow rate (kg/s) of the fluid, Q is the
heat transferred (W) between the fluids, ¢, is the specific
heat capacity (kJ/kgK) of the fluid and AT is an assumed
temperature difference (°C) based on the desired air and
water temperatures on either side of the coil. The same

process is used to size the heat exchangers, HXG-1 and
HXG-2, shown in Figure 2.

To meet the MURB’s cooling load in Ottawa, more than one
of the SorTech chillers is required. Preliminary simulation
suggests that a nominal chiller capacity of 28 kW or two of
the 14 kW SorTech chillers in parallel offers the best
performance for Ottawa’s climate. A single chiller is
insufficient to meet the cooling loads and three chillers uses
excess power with no benefit to cooling performance. The
flow rates into the parallel chillers are set to match the flow
rates for which the SorTech chiller model is experimentally
validated.

The sizing of pumps in the system makes use of the heat
exchanger and chiller sizing results to determine the
required pump flow rates. One exception to this is the solar
collector pump where the flow rate is determined using a
ratio of 54 kg/hr for every 1 m? of collector area (Duffie &
Beckman, 2020). The power consumption of pumps within
the system is calculated using an estimated head loss in each

circulation loop and assuming a nominal pump efficiency of
50% (Grundfos, 2024).

The size of several key parameters such as the volume of the
hot and cold storage tanks, and the area of the solar
collectors are determined using the physical size limitations
of the building. A solar collector area of 300 m? is selected
as no larger array can fit on the south facing slope of the
MURB?’s roof. The hot and cold storage tank volumes are
selected to be 12 m3 and 1 m?, respectively, as preliminary
simulations indicate these volumes allow for superior
system performance on an annual basis. The hot storage
tank size is limited to this value as it is the largest tank
volume that can realistically fit in the mechanical room of
the MURB (i.e., the protruding room on the north wall).

Performance Metrics

The following two metrics are used to assess the
performance of the proposed solar adsorption system:
electricity consumption and GHG emissions. A comparison
of these values is made with the reference system.

For the solar adsorption system, the electricity consumption
(kWh) over a period P in hours is expressed as

P

Esa = Z(Eaux + Epuw + Echin + Epump + Efan)i (2)
i=1

where Eaux > Epnw, Echills Epump»> and Ef, represent the

hourly electricity consumption (kWh) of the primary

auxiliary heater, the auxiliary heater in the DHW tank, the

adsorption chiller, the pumps within the system, the fan in

the cooling tower and the fans in the AHU, respectively.

For the reference system, the electricity consumption (kWh)
over a similar period is expressed as

P
Erer = ) (Brear + Eac + Ernv): ®)
i=1
where Eyear, Eac, and Eygry represent the hourly electricity
consumption (kWh) of the electric baseboard heaters, the air
conditioning units, and the HRV fan, respectively.

The amount of GHGs emitted (gCO,¢) during operation of
either system is expressed as
P

GHGyys = ) (Bayslco,), @
i=1

where Egy represents the system’s electricity consumption
(kWh) and Ico, represents the marginal CO: intensity
(gC0O2/kWh) of electricity consumption in Ontario at hour
i of the year. Marginal CO; emissions factors represent the
marginal (equivalent) emissions reduction from reduced
electricity which vary both hourly and seasonally. Figure 3

shows the values of the emissions factors for each season
(The Atmospheric Fund, 2021).
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Figure 3: 2020 Seasonal marginal emissions factors. Data
taken from The Atmospheric Fund, 2021.

While the emissions factors shown in Figure 3 do not come
from the same year as the months used in the 2020 CWEC
file it is believed that a similar trend would be followed
annually, and this is currently the best approximation
available.
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In the current study, performance metrics are calculated at
different time periods such as annually, over the heating
season, over the cooling season, and during peak load hours.
These time periods are defined using the Hydro Ottawa
residential time of use billing schedule such that the heating
season runs from November 1% to April 30", the cooling
season runs from May 1% to October 31%, summer peak load
periods occur on weekdays between 11:00 am and 5:00 pm
and, and winter peak load periods occur on weekdays
between 7:00 am and 11:00 am and 5:00 pm and 7:00 pm
(Hydro Ottawa, 2023).

Results

The simulated annual temperature variations from multiple
representative components of the proposed system are
shown in Figure 4.
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Figure 4: Simulated annual temperature variations at key
locations in the proposed solar adsorption system.

There are a few key seasonal trends that are evident in
Figure 4. First, the indoor temperature at the second story
end zone is maintained between the heating and cooling
setpoints throughout the year except for brief instances
during the hot summer months when overheating occurs due
to the onset of excessive cooling demands. Secondly, the
temperature in the hot storage tank varies considerably
throughout the year as the result of changing solar
availability and varied load draws from the heating and
cooling storage tanks and the DHW tank. The hot storage
tank never exceeds the maximum allowable temperature of
95°C which demonstrates that the solar dissipator is
effective at rejecting excess heat to the ambient. Finally, the
temperature of the cold storage tank is maintained at its
setpoint during the cooling season and is allowed to float
when it is not in use during the heating season.

Figure 5 shows the amount of solar energy that is collected
by the proposed system on July 21%. This date is chosen as
it is representative of a typical sunny day during the
summer. This figure also shows the amount of cooling
energy delivered to the low-energy MURB across the AHU
cooling coil over the same period.

The amount of solar energy that is collected peaks at
approximately 13 hours. This time corresponds to the onset
of peak cooling demands in the low-energy MURB which
reinforces the argument for using solar resources to deliver
cooling. Figure 5 also demonstrates the need for using
diurnal thermal storage in the proposed system as the
cooling load extends much later into the day to periods when
no solar energy is available.
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150

Energy (kWh)
8

50

2 4 6 8 10 12 14 16 18 20 22 24
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Figure 5: Solar energy collected on July 21% by the
proposed solar adsorption system and cooling energy
delivered to the low-energy MURB across the AHU cooling
coil.

Figure 6 shows the amount of solar energy that is collected
and the corresponding hot storage tank temperature
variation for the period between July 21% and July 28" of
the reference year. This time interval represents a typical
week during the cooling season in which there are one or
more days of low solar irradiance. All days in the selected
period are sunny except July 23 and July 27" which exhibit
low solar availability. Figure 5 shows that the hot storage
tank temperature drops to 50°C (i.e., the cooling season
auxiliary heater setpoint temperature) in the morning of July
24" however, despite this quickly increases to roughly 93°C
once the solar resource is available once again.
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Figure 6: Solar energy collected between July 21* and July
28" by the proposed solar adsorption system and
corresponding effect of varying solar availability on the hot
storage tank temperature.
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Figure 7 shows the monthly electricity consumption of both
the reference system and the proposed system. The results
show that the proposed system offers electricity savings
during every month of the year with the largest savings
occurring during the heating season. Figure 7 also shows the
monthly electricity consumption during peak periods and
these results show a similar trend with savings in every
month and the greatest savings during the heating season.
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Figure 7: Monthly electricity consumption of both the
reference and proposed system showing total consumption
and consumption during peak periods.

Figure 8 shows the monthly GHG emissions from the
reference and proposed systems as well as the GHG
emissions from peak periods. Figure 8 shows a similar trend
to Figure 7 with the proposed system offering savings in
total emissions as well emissions from peak periods
throughout the entire year. The important difference is that
the cooling season is responsible for a greater portion of the
GHG emissions meaning that electricity savings in the
cooling season offer a greater potential for GHG emission
reductions.
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Figure 8: Monthly GHG emissions from both the reference
and proposed system showing total emissions and emissions
from peak periods.

Discussion

Results of this study show that the proposed system is
capable of significantly reducing electricity consumption
with savings of 17316 kWh annually (2504 kWh during the
cooling season and 14812 kWh during the heating season).
The substantial savings during the heating season are largely
a result of heat from electrical resistance heaters being
replaced by energy from solar thermal collectors. During the
cooling season the proposed system achieves its goal and
reduces electricity consumption by 22%. Additionally, the
proposed system reduces electricity consumption during
peak periods by 24%. This demonstrates that the proposed
system (if implemented on a large scale) would be an
effective means for reducing peak loads. These savings can
benefit the homeowner by reducing the consumption of
expensive on-peak electricity but can also benefit electricity
distributors as generating electricity during peak periods can
be very expensive.

As a result of electricity savings, the proposed system also
reduces annual GHG emissions by 1.98 tonnes of CO»
equivalent. These reductions are a result of electricity
savings throughout the year but savings during the cooling
season result in greater GHG reductions as the emissions
intensity of summer generation is higher. The cooling
season is responsible for 14% of the annual electricity
savings but 20% of the GHG emissions reductions. It is also
important to note that this study was conducted in Ontario
where electricity generation is relatively clean. GHG
emissions reductions would likely be much larger in a
jurisdiction with more fossil fuel derived electricity such as
the province of Alberta.

Although the results obtained in the current study are
promising, the proposed system does have some potential
limitations. This study neglects snow accumulation on the
solar collectors and its potential impact on solar heating
during the winter. Additionally, the size and complexity of
the proposed system likely makes it infeasible for small
residential buildings.

Conclusion

This study presents a numerical model of a low-energy
MURB in Ottawa, Canada that uses a novel solar-driven
adsorption chiller system to deliver space conditioning and
DHW heating. The performance of the system was assessed
by determining the amount of electricity used and the GHG
emissions produced to provide space conditioning and
DHW to the MURB. The system was compared to a
reference system with conventional technologies, and it was
found that the solar adsorption system offered 52% annual
GHG emissions savings and 22% savings during the cooling
season. The proposed system reduced total and peak
electricity consumption during every month of the year with
the most significant savings occurring during the heating
season.
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The current work represents the first stage of a larger
research project that aims to assess the technical
performance of the proposed solar-driven adsorption system
in low energy MURBs located across a wider range of
Canadian climatic conditions and provinces. Future work
will involve conducting a parametric study in which the
size/capacity of key system components are varied to obtain
optimal results. Furthermore, the economics of the proposed
system will be evaluated to assess the feasibility of the
system’s near-term widespread implementation.
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