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Executive Summary
This study presents decarbonization retrofit pathways for a fume hood driven wet
laboratory. In a fume hood driven wet laboratory, the major driver of energy
consumption is make-up air required for the fume hoods. The study included
evaluating two sets of carbon reduction measures (CRMs) for a wet lab archetype
based off the Saskatoon National Research Council (NRC) lab at the University of
Saskatchewan. The first set focused on thermal (heating and cooling) load
reduction, which is important to facilitating cost-effective fuel-switching. The second
set focused on decarbonization by fuel-switching switching to electric heating and
cooling.
The CRMs aimed at reducing thermal loads were:


Enclosure Upgrades



Glycol Run-Around Exhaust Air Heat Recovery, consisting of a glycol runaround loop to recover heat from the exhaust air and use it for preheating
the ventilation make-up air



Active Exhaust Heat Recovery, using a heat recovery chiller to capture heat
from the exhaust air and use it for preheating the ventilation make-up air



Variable Speed Drives (VSD) on Plume Hoods

The CRMs aimed at decarbonizing heating and cooling were:


Electric Boiler



Air-source Heat Pump



Ground-source Heat Pump

The four thermal load reduction CRMs were each assessed individually, and two
measures were found to be cost-effective across all regions: glycol heat recovery
and VSDs on plume hoods. These two measures were then combined with each of
the three heating and cooling CRMs to produce three CRM bundles. The analysis
therefore focuses on the four thermal load reduction CRMs and the three CRM
bundles.
Energy modelling was used to assess the energy and GHG reduction impacts, as
well as peak electricity demand, of each CRM and CRM bundle. A financial analysis
was also undertaken that included incremental capital costing and calculation of the
net present values for both the individual CRMs and the CRM bundles.
Through this analysis it was found that for all locations, relatively small energy,
carbon emission, and peak demand reductions result from the enclosure upgrades.
The enclosure upgrades also result in negative NPVs and high initial capital
investments. These results show that enclosure heat losses are not critical to lab
retrofits and enclosure upgrades are not a cost-effective option for labs looking to
decarbonize.
Glycol heat recovery was found to be beneficial in colder climates such as
Edmonton and is outperformed by active heat recovery in warmer climates such as
Vancouver. However, the active heat recovery measure results in an increase in
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peak electricity demand and is less cost-effective than glycol heat recovery. Both
heat recovery measures are recommended for wet labs, however, glycol heat
recovery may be the better option.
The installation of VSDs on plume hoods was found to provide relatively low energy
savings, but to be a cost-effective measure resulting in a positive NPV in all
locations. Due to their low initial capital cost and good return on investment, VSDs
are recommended in combination with other measures that result in greater energy
savings, such as heat pumps.
The electric boiler bundle did result in energy savings; however, peak electricity
demand increased in all locations. In Edmonton and Halifax, the change from a
natural gas boiler to an electric boiler results in an increase in carbon emissions due
to the carbon intensity of the current electricity grid in these locations. The electric
boiler bundle has a low incremental capital cost, but it results in a negative NPV for
Edmonton, Toronto, and Halifax, due to high electricity costs in those locations.
Both the air-source and ground-source heat pump bundles are recommended for
labs looking to decarbonize. These bundles result in the highest carbon emission
reductions and are cost-effective, resulting in high NPVs. Of the two, the groundsource heat pump bundle may be the better option as the long lifespan of the
ground loops results in low replacement costs and a good return on investment
compared to the air-source heat pump bundle, which requires the heat exchanger
to be replaced part way through the life of the heat pump.
Though not assessed as part of this work, there are additional CRMs that are
recommended for any wet lab aiming to reduce their energy consumption and GHG
emissions. These include:


Retrofitting lighting fixtures with LED T8 lamps, or implementing a complete
LED lighting renewal including fixtures, which can be tied to occupancy
sensors and daylighting sensors



VAV optimization, which helps to drop the number of air changes when the
building is unoccupied



Implementing systems to monitor the exhaust for contaminants and
decrease fan speed when none are present



Installing VFDs on Strobic fans



Installing a building automation system
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1

Introduction

1.1

Background

In 2020, the Canada Green Building Council (CaGBC) commissioned RDH Building
Science in partnership with Dunsky Energy + Climate Advisors to evaluate the
potential pathways to decarbonize large building operations. The study looked at
five building types: a low-rise office building, a mid-rise office building, a low-rise
multi-family residential building, a mid-rise multi-family residential building, and a
primary school. Archetypes were developed for 1970s and 1990s vintage buildings
in five Canadian locations representing different climate zones. For each building
archetype, the researchers developed baselines and assessed business-as-usual
upgrades - that is, those activities routinely undertaken as building systems reach
their anticipated service life. The researchers then identified and assessed the
performance outcomes resulting from deep carbon retrofits and conducted financial
analyses of the retrofit measures for each archetype.
Building off this effort, CaGBC was interested in considering pathways to
decarbonize laboratory buildings (labs). This study presents that work, which
included archetype development, energy modelling, GHGI evaluation, incremental
costing, and financial analysis.
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2

Methodology

The methodology for archetype development and carbon reduction measure (CRM)
selection is outlined in this section.

2.1

Archetype Development

The fundamental challenge in assessing labs at an archetype level is that all labs are
inherently unique and are often part of a larger building (i.e., not stand-alone
buildings). Many different types of labs exist, such as dry labs and wet labs, with
characteristics that vary significantly, such as fume hood densities, equipment
densities, air change requirements, temperature and humidity requirements, and
filtration requirements. Each of these variables may change the selection of CRMs
for a deep carbon retrofit.
For the purpose of this study, it was decided that the lab archetype should be based
on a real lab. Labs Canada provided details of one of their lab buildings - the
Saskatoon National Research Council (NRC) lab at the University of Saskatchewan.
A portion of this building became the focus for the type of laboratory considered in
this study, namely a fume hood driven wet lab. Characteristics of this portion of the
building were modified to provide a final lab archetype that is more representative of
the types of labs that can be found across Canada. Details of the archetype
development process are outlined below.
Labs Canada was able to provide a complete picture of the Saskatoon NRC lab.
Some of the key building details that were provided include:


Original drawings for the building (including architectural and mechanical)



Details of upgrades to the lab since its original construction



At least 13 months of billing for each utility (i.e., electricity, natural gas and
purchased heating/cooling from district energy as applicable)



Schedules and control settings (e.g., typical occupancy, ventilation controls,
outdoor air setbacks)



Details of the unique aspects of the lab (e.g., key hazards, fume hood types,
break down of interior space uses) including process energy uses (e.g.,
plant growth chambers)

The Saskatoon NRC lab building consists of several wings of various vintages.
Guided by a study undertaken by Ameresco Canada, two of the building wings
underwent significant upgrades, including energy conservation measures, between
2017 to 2019. The other wings of the complex are slated for demolition and
redevelopment over the next five years.
This study is based on one of the wings that went through upgrades – the 400 wing.
This wing predominantly consists of wet labs with fume hoods. Further, the study is
limited to floors 2 to 4 of the 400 wing. These floors were chosen as they have their
own air handling unit (AHU) and mainly consist of lab spaces. The basement
includes a plant growth lab, which has a significant energy load and is not typical of
Canada Green Building Council
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a fume hood driven lab building. The ground floor contains administration areas that
are likewise not typical of lab buildings.
The previously completed upgrades for the 400 wing achieved significant energy
and carbon reductions. They included retrofitting lighting fixtures with LED T8 lamps
and high efficiency low factor ballasts, tied to occupancy sensors and daylighting
sensors. They also included VAV optimization, dropping from eight air changes
when the building is occupied, down to two when it is unoccupied. A system was
installed to monitor the exhaust for contaminants and decrease fan speed when
none are present. VFDs were installed on the Strobic fans, and the Phoenix Controls
system was upgraded to full digital control with BACnet integration into the BAS.
While not all labs will have the benefit of the energy conservation measures (ECMs)
already implemented at the Saskatoon NRC lab, the measures are deemed to be
commonly understood as cost effective and were therefore not examined as part of
this study.
Once the existing building’s characteristics were clearly understood, certain aspects
were altered to better represent a typical fume hood driven wet lab. The changes
included converting the district energy steam to a non-modulating gas boiler plant
with 60% seasonal efficiency (representing standard efficiency and distribution
losses); removing the energy recovery from the plant growth lab (this was done
because most labs will not have such a heat-recovery opportunity); and changing
the plume exhaust fan to be constant (the Saskatoon NRC lab has a variable plume
exhaust fan, but that is not typical of most labs). This became the baseline lab
archetype model used in the study analysis
Table 2.1 summarizes the characteristics of the baseline lab archetype. Detailed

modelling assumptions are provided in Appendix A.
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TABLE 2.1 BASELINE BUILDING KEY CHARACTERISTICS
General Description

3-storey, 3,670 m² (39,180 ft²) wet lab
Approx. 18 - 23 fume hoods1

Enclosure
Walls

Brick wall RSI-2.1 (R-12)
Spandrel RSI-0.56 (R-3)

Windows

Punched USI-2.0 (U-0.36), SHGC 0.4
Curtainwall USI-2.4 (U-0.43), SHGC 0.4

Window-to-wall ratio

29%

Mechanical
HVAC

Variable air volume (VAV) 100% outdoor air, air handling
units with hydronic heating and cooling coils. Heating coils
connected to central gas boiler, and cooling coils
connected to water-cooled chiller.
VFD on the air handing unit with constant volume lab plume
exhaust. One central exhaust fan for washroom.

Space heating and
Domestic Hot Water (DHW)

District heating (gas)

1) Estimated based on a lab ventilation flow rate of 18,000 cfm (provided by the HVAC operators for Saskatoon NRC
lab) and the assumption of 800 – 1,000 cfm/fume hood.

2.2

Energy Model Development

To enhance accuracy, real-world performance data was used to calibrate an energy
model of the existing building. This model was then modified to match the building
characteristics of the lab archetype. The final energy model was then used to
evaluate the performance of CRMs.
The energy model of the existing building (floors 2 to 4) was developed in eQuest
(v.3-65) and focused on occupancy and plug load trends, air changes per hour,
scheduling, and fan power. Calibration of the model was done using operational
information provided by Ameresco Canada, utility bills, and Heating/Cooling Degree
Day adjustments. The following steps and assumptions were also used to develop
the calibrated model and some features were removed post calibration to better
reflect a typical fume hood driven lab:


Airflow was adjusted to match current operational flows provided by
Ameresco.



Humidification was turned off due to the fact it is not currently operating.



The modeled infiltration rate was reduced to 25% of the ASHRAE
Fundamentals Leaky Building (2009) guidance for all hours that fans are on
(24 hours). 25% is an industry accepted value for modelling infiltration
during hours of operation as infiltration is reduced when the building is
pressurized by fans.



The plant growth lab was modelled for the calibration, and then removed for
the final modelled building. The growth lab lights (90kW) require cooling
year-round. Heat is transferred between the glycol coils in the AHU cooling
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the plant growth lab and the AHUs providing heat for the remainder of the
buildings, thus reducing steam usage. The heat recovery from the plant
growth lab was modeled to determine the reduction in steam usage; and
was then removed for the remainder of the decarbonization analysis.


Plug loads were increased overall for the lab spaces by 10 W/m². Plug loads
are an independent variable that is challenging to predict and determine
without submetering or detailed usage data. Plug loads are a significant
lever



The power consumption benefit of VFD fans was removed in the energy
model, while maintaining the flow reduction benefit associated with building
loads. This was achieved by modelling an “Inlet” fan curve in the modeling
software. This modeled operation was based on information provided by
Ameresco Canada stating that there are pressure balancing dampers that
maintain constant pressure, regardless of flow. Therefore, a standard VFD
curve, which reduces power with reduced flow, is not currently being
followed as airflow is reduced.

2.3

Geographic Locations

The baseline lab archetype was modelled in five locations, representing different
climate zone and electrical grids. The enclosure, and heating, ventilation, and air
conditioning (HVAC) system characteristics were kept the same across all locations.
The archetype was modelled in each of the following locations:


Vancouver



Edmonton



Toronto



Montreal



Halifax

2.4

Carbon Reduction Measures and Bundles

In order to create a baseline that was typical of a lab having implemented common
energy recovery measures, all of the measures from the feasibility study of the NRC
Saskatoon building undertaken by Ameresco Canada (Ameresco) were retained in
our study’s baseline energy model (see Appendix B) with the exception of the
variable exhaust plume and heat recovery chiller. Those that were kept were
deemed to be commonly understood as cost effective ECMs, not needing further
study.
With deep carbon reductions as the goal, two sets of carbon reduction measures
(CRMs) were identified. The first set focused on thermal (heating and cooling) load
reduction, which is important to facilitating cost-effective fuel-switching. The second
set focused on decarbonization by fuel-switching to electric heating and cooling.
The CRMs aimed at reducing thermal loads were:


Enclosure Upgrades
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Glycol Run-Around Exhaust Air Heat Recovery1, consisting of a glycol runaround loop to recover heat from the exhaust air and use it for preheating
the ventilation make-up air



Active Exhaust Heat Recovery, using a heat recovery chiller to capture heat
from the exhaust air and use it for preheating the ventilation make-up air



Variable Speed Drives (VSD) on Plume Hoods

The CRMs aimed at decarbonizing heating and cooling were:


Electric Boiler



Air-source Heat Pump



Ground-source Heat Pump

The four thermal load reduction CRMs were each assessed individually, and two
measures were found to be cost-effective across all regions: glycol heat recovery
and VSDs on plume hoods. These two measures were then combined with each of
the three heating and cooling CRMs to produce three CRM bundles. The analysis
therefore focuses on the four thermal load reduction CRMs and the three CRM
bundles. Table 2.2 provides an overview of the CRMs and CRM bundles that were
analysed as part of this work.
TABLE 2.2 CARBON REDUCTION MEASURES AND BUNDLES ANALYSED
Enclosure upgrades
Glycol heat recovery
Active heat recovery
VSDs on plume hoods
Electric boiler bundle
Air-source heat pump bundle
Ground-source heat-pump bundle

It should be noted that for the purpose of this study, the ground-source heat pump is
sized for the cooling load in order to avoid having to install a much larger geoexchange wellfield to prevent long-term temperature degradation of the thermal
mass engaged by the well field. As a result, the ground-source heat pump system
does not meet the full heating load of the building and a peaking natural gas boiler is
used.
The air-source heat pump is assumed to operate down to an ambient temperature
of -15°C, below this temperature the heating demand is met by a condensing gas
boiler. Other heat pump considerations and limitations are discussed in Section 5.5.
Greater detail on the CRMs can be found in Appendix A.

1
Glycol run-around heat recovery consists of two separate coils installed in both the outdoor air supply for the
building, and the exhaust air from which it is desired to recover the heat. The two coils are connected by piping and
glycol is pumped through. Glycol is used to guard against freezing during winter. In labs this system is used to
prevent exhausted air from contaminating the outdoor air stream. Many retrofits can benefit from glycol run-around
exhaust air heat recovery as it does not require the outdoor air and exhaust air to be co-located.
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Additional CRMs

2.4.1

There are further CRMs that may be considered for lab archetype retrofits. In some
cases, the feasibility of implementation of CRMs may be limited by the existing
design of the building (e.g., duct layout) and how invasive the retrofit may be if the
air change rate in a lab is cooling load driven, etc. A few examples of CRMs that
may be considered for lab retrofits but that were not evaluated as part of this study
include:


Cascade return air from office spaces as makeup for lab units (base
ventilation amount still provided by make-up air unit). This can be an
effective CRM, depending on whether the non-lab and lab air handling
equipment can be readily connected through ductwork, and whether the
ventilation schedules of the non-lab areas of the building have enough
concurrent operations with the lab area.



Chilled beams to reduce cooling at make up air unit. This can be an effective
CRM in labs where the total air change rate is driven by cooling loads in the
space. Chiller beams allow for local air recirculation, effectively increasing
the cooling capacity for the space, without increasing the make-up air
requirements. They must be carefully integrated with the make-up air
requirements with respect to managing the cooling load as the cooling
capacity of the chilled beams is impacted by the make-up air rate.

2.5

Carbon Emission Factors

Table 2.3 summarizes the carbon emission factors that are used in the analysis, the
factors are drawn from the CaGBC Zero Carbon Building Design v2 Workbook. The
average electricity emission intensity is used to calculate the carbon emissions
associated with electricity consumption from the grid.
TABLE 2.3 CARBON EMISSION FACTORS
Average Electricity

Location

(g CO2e/kWh)

Natural Gas
(g CO2e/kWh)

Vancouver (British Columbia)

9.5

180

Edmonton (Alberta)

750

180

Toronto (Ontario)

20

176

Montreal (Quebec)

1.2

176

Halifax (Nova Scotia)

680

180

2.6

Financial Metrics and Inputs

The financial analysis includes the following key metrics:





Incremental capital cost (ICC)
Net present value (NPV)
Internal rate of return (IRR)
Cost of carbon abatement
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Key inputs into the financial analysis are summarized in Table 2.4. The timeframe for
analysis (40 years) reflects the approximate expected life of enclosure upgrades.
TABLE 2.4 KEY FINANCIAL ANALYSIS VARIABLES
Variable

Value

Timeframe for analysis

40 years

Discount rate

5% / year

Utility escalation rate

2% / year

In year one of the financial analysis, the annual energy costs for each bundle are
estimated using the utility cost rates summarized in Table 2.5.
It is assumed that carbon tax is applied to both electricity and natural gas based on
their current carbon intensity. The study assumed retrofits are completed in 2022,
when the price of carbon will be $50/tonne. Between 2022 and 2030, the price of
carbon is assumed to rise $15/tonne/year, as announced in 2020. After 2030, the
price of carbon is assumed to rise $6.50/tonne/year in order to reach
$300/tonne/year in 2050 – a value suggested as the threshold for driving
decarbonization of the building sector across all market segments.
Note that the continuously rising cost of carbon means that the business case for
retrofits improves year over year; a project completed later than 2022 will have a
better NPV than reported in this study.
TABLE 2.5 UTILITY COST RATES USED IN THE FINANCIAL ANALYSIS
Electricity

Vancouver

Natural Gas

Energy Charge
($/kWh)

Demand Charge ($/kW
or kVA)

Energy Charge ($/GJ)

$0.096/kWh

$5.370/kW

$6.50/GJ

(Bi-monthly)
Edmonton

$0.093/kWh

$0.408/kW/day,
(~$7.50/kW/month)

$5.72/GJ

Toronto

$0.186/kWh

$12.13/kW/month

$5.69/GJ

Montreal

$0.044/kWh

$14.58/kW/month

$6.25/GJ

Halifax

$0.123/kWh

$10.50/kW/month

$12.10/GJ

1) Electricity rates are based on BC Hydro Medium General Service rates for business customers with an annual peak demand
between 35 kW and 150 kW and that use less than 550,000 kWh of electricity per year. Electricity price is an average of Step 1 and
Step 2 rates. Natural gas rates are based on Fortis Rate 3 rates for customers that use more than 2,000 GJ annually.
3) Electricity rates are based on EPCOR Regulated Commercial rates for commercial buildings, a power factor of 1 has been
assumed. Natural gas rates are based on Alberta Cooperative Energy estimated rates for commercial buildings.
5) Electricity rates are based on the average rate for customers with monthly peak demand between 50 kW and 999 kW. Energy
costs are based on a multi-year average of HOEP prices. Natural gas rates are based on Enbridge Gas rates for businesses and
residential buildings.
6) Electricity rates are based on Hydro Quebec Rate M for customers with an annual peak demand greater than 50 kW, using an
average of low and high consumption brackets. Natural gas rates are based on Énergir’s natural gas supply rates.
8) Electricity rates are based on Nova Scotia Power Commercial rates for customers with an annual peak demand less than 1,800
kW and that use 32,000 kWh of electricity or more per year. Buildings are assumed to use less than 200 kWh/kw peak in a typical
month. Natural gas rates are based on Heritage Gas Rate Class 1a for customers that use between 500 GJ and 4,999 GJ per year.
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3

Energy and GHG Analysis

This section summarizes the energy and greenhouse gas reduction impacts of the
thermal demand reduction CRMs and the CRM bundles.

3.1

Baseline Building

Figure 3.1 and Figure 3.2 show the total energy use intensity (TEUI) and end-use
breakdown, respectively, for the lab baseline building.
The TEUIs across the 5 locations range from 569 to 925 kWh/m²/yr. The highest
TEUI is seen in Edmonton followed by Montreal, mainly due to their colder climates.

Total Energy Use Intensity (kWh/m2/yr)

Electricity

Natural Gas

1000
900
800
700
600
500
400
300
200
100
0

Vancouver

Edmonton

Toronto

Montreal

Halifax

Figure 3.1 Total energy use intensity (TEUI) for the lab baseline building, presented by location.

Space heating is the dominant energy end use in all locations, as illustrated in Figure
3.2. The CRMs chosen for the lab focus on space heating demand reduction as well
as improving system efficiency to reduce energy consumption.
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(Elec)
9%
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Figure 3.2 Energy end-use breakdown for the lab baseline building.

Greenhouse Gas Intensity (kgCO2eq/m2/yr)

Figure 3.3 shows the annual greenhouse gas intensity (GHGI) for the lab baseline
building, which ranges from 59 to 316 kgCO2eq/m²/yr. The highest GHGI is seen in
Edmonton followed by Halifax, due to the higher carbon intensity of the current
electricity grids in these locations (see Table 2.3).
Electricity

Natural Gas

360
320
280
240
200
160
120
80
40
0
Vancouver

Edmonton

Toronto

Montreal

Halifax

Figure 3.3 GGHGI for the lab baseline building, presented by location.
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The lab baseline building energy and GHGI results are summarized in Table 3.1.
TABLE 3.1 LAB BASELINE BUILDING TEUI AND GHGI RESULTS1)
Total energy use intensity (TEUI),
kWh/m²/yr
Electricity

Natural
gas

Total

Greenhouse gas intensity (GHGI),
kgCO2e/m²/yr
Electricity

Natural
gas

Total

Vancouver

258

313

569

2

56

59

Edmonton

262

663

925

197

119

316

Toronto

274

462

736

5

81

87

Montreal

274

541

815

0

95

96

Halifax

264

496

760

180

89

269

1) Additive discrepancies are due to rounding

3.2

Evaluation of CRMs

This section summarizes the energy and greenhouse gas reduction impacts of the
CRMs. Table 3.2 provides an overview of what has been included in each CRM and
CRM bundle. Greater detail can be found in Appendix C.

TABLE 3.2 OVERVIEW OF CRMS AND CRM BUNDLES
CRM or CRM Bundle

Changes from Baseline

Enclosure upgrades

Brick wall - add 3” XPS insulation
Spandrel - add 2” XPS insulation
Roof - add 4” XPS insulation
Windows - upgrade to triple glazed

Glycol heat recovery

Install 40% effective glycol run around loop on exhaust and
outdoor air.

Active heat recovery

Install additional heat recovery chiller serving cooling coil in
lab exhaust air.
Install cooling coil on exhaust air to cool air to 10°C.

VSDs on plume hoods

Install VFD on AHU and lab exhaust fans.

Electric boiler bundle

Glycol heat recovery and VSDs on plume hoods +
Install electric boiler for heating and service hot water.

Air-source heat pump
bundle

Glycol heat recovery and VSDs on plume hoods +
Install air-source heat pump for heating, cooling, and DHW.
Install condensing gas-fired boiler for backup heating.
Install electric resistance booster for DHW.
VSD pumps.

Ground-source heat pump
bundle
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Glycol heat recovery and VSDs on plume hoods +
Install ground-source heat pump for heating, cooling, and
DHW.
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TABLE 3.2 OVERVIEW OF CRMS AND CRM BUNDLES
Install condensing gas-fired boiler for backup heating.
Install electric resistance booster for DHW.
VSD pumps.

Energy Consumption

3.2.1

The figure below shows an overview of TEUI results. The thermal load reduction
CRMs result in a TEUI ranging from 385 to 886 kWh/m²/yr, and the CRM bundles
result in a TEUI ranging from 203 to 547 kWh/m²/yr.

Total Energy Use Intensity (kWh/m2/yr)
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Montreal
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Enclosure Upgrade
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VSD on Plume Hood

Electric Boiler Bundle

Air-to-Water Heat Pump Bundle

Ground Source Heat Pump Bundle

Halifax

Figure 3.4 TEUI for the lab archetype. Thermal load reduction CRMs are shown with a solid bar and
CRM bundles are shown with a stripped bar.

The greatest reductions in TEUI result from the two CRM bundles that employ heat
pumps. The two bundles result in similar TEUI, with the air-source heat pump bundle
being marginally more effective at reducing TEUI in Vancouver, Edmonton, and
Halifax, and the ground-source heat pump bundle being marginally more effective in
Toronto and Montreal.
The reason the TEUI of the air-source heat pump bundle is lower than the TEUI of
the ground-source heat pump system is that the ground loop for a ground-source
heat pump system is typically sized based on the smaller of the heating and cooling
load (in this study the ground loop is sized based on the cooling load for all
locations). In a climate where the cooling load is significantly smaller than the
heating load, such as Edmonton, there is a higher need of back-up heating for the
ground-source heat pump system. As the back-up heating is less efficient, TEUI is
increased. This is also the case for Halifax, but with a smaller difference in cooling
and heating load and therefore a smaller difference in TEUI reduction.
In contrast, for a climate like Toronto the cooling load is close to the heating load
and the ground-source heat pump can cover more of the heating load throughout
the year.
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In Montreal, the ground-source heat pump bundle results in a lower TEUI than the
air-source heat pump bundle, despite the fact that the natural gas back-up heating
requirement is higher (see Figure 3.8). This is because the efficiency of the airsource heat pump (the coefficient of performance, or COP) is not as strong in cold
air temperatures, and the electricity heating end-use is higher compared to the
ground-source heat pump. The higher natural gas consumption for the groundsource heat pump bundle is because the system is smaller than the air-source heat
pump, since it is sized based on the cooling load, resulting in higher need of backup heating (as described in Section 2.4).
The air-source and ground-source heat pump bundles result in similar TEUI for
Vancouver. The mild climate in Vancouver benefits the run hours for the air-source
heat pump system, which results in a slightly lower TEUI than the ground-source
heat pump system and the lowest need for gas back-up heating of all locations.
The glycol heat recovery and active heat recovery CRMs result in similar energy
savings. For the active heat recovery measure, the heat available to recover is the
same between the locations since the delta T over the cooling coil in the exhaust
stream is constant. In contrast, the glycol heat recovery capacity varies depending
on the outdoor air temperature; the colder the outdoor air is, the higher the delta T is
over the heat exchanger, and the more heat can be recovered. Therefore, the glycol
heat recovery is beneficial in colder climates such as Edmonton and is outperformed
by the active heat recovery in warmer climates such as Vancouver.
Both the Enclosure Upgrade and VSD on Plume Hood CRMs result in small TEUI
reductions (<10%) in comparison to the other CRMs and CRM bundles.
Figure 3.5 through Figure 3.9 show the TEUI by fuel type. Note that the scale is
consistent across all locations for ease of comparison.
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Figure 3.5 TEUI presented by fuel type for the Vancouver lab. Individual thermal load reduction CRMs
are shown with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.6 TEUI presented by fuel type for the Edmonton lab. Individual thermal load reduction CRMs
are shown with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.7 TEUI presented by fuel type for the Toronto lab. Individual thermal load reduction CRMs are
shown with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.8 TEUI presented by fuel type for the Montreal lab. Individual thermal load reduction CRMs are
shown with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.9 TEUI presented by fuel type for the Halifax lab. Individual thermal load reduction CRMs are
shown with a solid bar and CRM bundles are shown with a stripped bar.

Canada Green Building Council

Page 21

3.2.2

Carbon Emission Reductions

Figure 3.10 shows an overview of greenhouse gas intensity (GHGI) results. All
CRMs result in a GHGI reduction across all locations, except for the electric boiler
bundle. In both Edmonton and Halifax, the electric boiler bundle results in a higher
GHGI due to the higher carbon intensity of the current electricity grids in these
locations. This also results in smaller GHGI reductions for the air-source and
ground-source heat pump bundles.

Greenhouse Gas Intensity (kgCO2eq/m2/yr)
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Figure 3.10 GHGI for the lab. Individual thermal load reduction CRMs are shown with a solid bar and
CRM bundles are shown with a stripped bar.

Figure 3.11 through Figure 3.15 show the GHGI by fuel type. Note that the scale is
consistent across all locations for ease of comparison. The individual thermal load
reduction CRMs result in a GHGI ranging from 20 to 306 kgCO2eq/m²/yr, and the
CRM bundles result in a GHGI ranging from 4 to 330 kgCO2eq/m²/yr.
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Figure 3.11 GHGI by fuel type for the Vancouver lab. Individual thermal load reduction CRMs are
shown with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.12 GHGI by fuel type for the Edmonton lab. Individual thermal load reduction CRMs are shown
with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.13 GHGI by fuel type for the Toronto lab. Individual thermal load reduction CRMs are shown
with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.14 GHGI by fuel type for the Montreal lab. Individual thermal load reduction CRMs are shown
with a solid bar and CRM bundles are shown with a stripped bar.
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Figure 3.15 GHGI by fuel type for the Halifax lab. Individual thermal load reduction CRMs are shown
with a solid bar and CRM bundles are shown with a stripped bar.

3.2.3

Peak Electricity Demand

Figure 3.16 shows an overview of the peak electricity demand for the lab archetype.
The baseline annual peak electricity demand for the lab archetype occurs during the
summer due to cooling loads, and ranges from 245 to 287 kW depending on
location. Most of the thermal load reduction CRMs result in only slight variations in
peak demand compared to baseline.
Table 3.3 shows the peak demand reduction (%) from baseline for the CRM
bundles; a negative value indicates an increase in peak demand. The table also
shows when the peak demand occurs; in the summer (S) or in the winter (W).
The electrification of the heating system results in a switch from a summer to winter
peak for all CRM bundles and locations except the ground-source heat pump
bundle in Vancouver, where the summer peak remains marginally higher than the
winter peak.
The ground-source heat pump bundle shows a lower peak demand than the
baseline across all five locations. This demonstrates that ground-source heat pumps
can not only reduce the potential for additional demands on the electrical grid, but
actually free-up capacity.
The ground-source heat pump bundle shows a lower peak demand than the airsource heat pump bundle due to the higher heating COPs of ground-source
systems. Another factor is the smaller heating capacity of the ground-source heat
pump, whose geo-exchange field was sized to meet the cooling demand in order to
maintain a relatively balanced annual load on the well field.
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Figure 3.16 Peak electricity demand for the lab. Individual thermal load reduction CRMs are shown with
a solid bar and CRM bundles are shown with a stripped bar.

TABLE 3.3 PEAK ELECTRICITY DEMAND REDUCTION AND OCCURANCE
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W

12%

W

22%

W

Figure 3.17 through Figure 3.21 show the monthly peak electricity demand for the
baseline and the CRM bundles. Note that the scale is consistent across all locations
for ease of comparison. The bundles result in peak electricity demand ranging from
185 to 725 kW.
For all locations, the highest peak demand is seen for the electric boiler bundle and
the lowest is seen for the ground-source heat pump bundle. The highest peaks are
seen in Montreal and the lowest in Vancouver. This is mainly due to Montreal’s more
extreme climate (colder winters and hotter summers) and Vancouver’s milder one.
The summer peak demand for the ground-source heat pump bundle is lower than
the baseline because the heat pump has a higher efficiency than the baseline chiller.

Canada Green Building Council

Page 26

800

Peak Demand (kW)

700
600
500
400
300
200
100
0
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Baseline

Electric Boiler Bundle

Air-to-Water Heat Pump Bundle

Ground Source Heat Pump Bundle

Figure 3.17 Monthly peak electricity demand for the Vancouver lab. The baseline is shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 3.18 Monthly peak electricity demand for the Edmonton lab. The baseline is shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 3.19 Monthly peak electricity demand for the Toronto lab. The baseline is shown with a solid bar
and CRM bundles are shown with a stripped bar.
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Figure 3.20 Monthly peak electricity demand for the Montreal lab. The baseline is shown with a solid
bar and CRM bundles are shown with a stripped bar.
800

Peak Demand (kW)

700
600
500
400
300
200
100
0
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Baseline

Electric Boiler Bundle

Air-to-Water Heat Pump Bundle

Ground Source Heat Pump Bundle

Figure 3.21 Monthly peak electricity demand for the Halifax lab. The baseline is shown with a solid bar
and CRM bundles are shown with a stripped bar.

3.3

Key Takeaways

This section includes the key takeaways from the energy and greenhouse gas
analysis, with a focus on carbon reduction and peak demand results.
 Enclosure Upgrades
The enclosure measures result in relatively small energy, carbon emission and
peak demand reductions for all locations. This shows that enclosure heat losses
are not critical to lab retrofits, and the focus should be on reducing ventilation
heat losses and decarbonizing the heating plant.
 Glycol and Active Heat Recovery
The glycol heat recovery and active heat recovery CRMs result in similar energy
and GHGI savings, however the active heat recovery measure results in an
increase in peak electricity demand, most significantly in climates with low
cooling loads such as Edmonton, Montreal, and Halifax. This is because active
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heat recovery includes adding a cooling coil in the exhaust stream to recover
the heat from the exhaust air, which results in an increased cooling load and
peak electricity demand.
 Electric Boiler Bundle
Although the electric boiler results in 35-41% TEUI reductions, the measure
shows an increase in peak electricity demand in all locations, ranging between
67 and 164%. Further, although the intent of the electric boiler is to decarbonize
the heating plant, the change from a natural gas boiler to an electric boiler
resulted in an increase in carbon emissions in Edmonton and Halifax due to the
carbon intensity of the current electricity grid in these locations. A reduction in
carbon emissions is seen in all other locations.
 Heat Pump Bundles
The highest carbon emission reduction is seen with the heat pump bundles. The
two heat pump systems result in similar energy and greenhouse gas reductions,
with small variations due to climate. The heat pump bundles result in 80-94%
emission reductions in Vancouver, Montreal and Toronto, and 36-43% in
Edmonton and Halifax due to their electrical grids currently being more carbon
intensive.
In contrast to the air-source heat pump bundles, the ground-source heat pump
bundles result in peak demand reductions across all locations, ranging between
12 and 27%.
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4

Financial Analysis

This section summarizes the incremental costing and financial analysis results for
the lab archetype in each location.

4.1

Incremental Capital Costs

This section provides the incremental capital costs (ICCs) of both the individual
CRMs and the plant decarbonization measure bundles, relative to the baseline
building. For each location, a low and a high scenario is presented, and the ICCs
are shown for the CRMs. Table 4.1 summarizes the ICCs for each location.
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TABLE 4.1 INCREMENTAL CAPITAL COSTING FOR THE LAB CRMS

Halifax

Montreal

Toronto

Edmonton

Vancouver

CRM

Incremental Capital Cost ($/m²GFA)
Low

High

Enclosure Upgrade

$240

$340

Glycol Heat Recovery

$10

$20

Active Heat Recovery

$50

$70

VSD on Plume Hood

$10

$10

Electric Boiler Bundle

$10

$10

Air-source Heat Pump Bundle

$40

$70

Ground-source Heat Pump Bundle

$90

$200

Enclosure Upgrade

$190

$280

Glycol Heat Recovery

$-

$-

Active Heat Recovery

$50

$70

VSD on Plume Hood

$10

$10

Electric Boiler Bundle

($10)

($10)

Air-source Heat Pump Bundle

$30

$50

Ground-source Heat Pump Bundle

$90

$210

Enclosure Upgrade

$190

$280

Glycol Heat Recovery

$-

$10

Active Heat Recovery

$50

$70

VSD on Plume Hood

$10

$10

Electric Boiler Bundle

($10)

$-

Air-source Heat Pump Bundle

$20

$30

Ground-source Heat Pump Bundle

$80

$190

Enclosure Upgrade

$180

$270

Glycol Heat Recovery

$-

$-

Active Heat Recovery

$50

$70

VSD on Plume Hood

$10

$10

Electric Boiler Bundle

($10)

($10)

Air-source Heat Pump Bundle

$20

$30

Ground-source Heat Pump Bundle

$90

$210

Enclosure Upgrade

$160

$240

Glycol Heat Recovery

$-

$-

Active Heat Recovery

$40

$60

VSD on Plume Hood

$-

$10

Electric Boiler Bundle

$-

$-

Air-source Heat Pump Bundle

$20

$30

Ground-source Heat Pump Bundle

$60

$150
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In general, the following trends are noted for the deep retrofit costs:


Enclosure upgrades have the greatest ICC for the lab archetype, typically
192% more costly than the next largest cost driver, the ground-source heat
pump. The ICC is driven by the overcladding of the brick wall. An
overcladding approach is preferable from an energy performance
perspective, but would be quite costly and would alter the appearance of the
building. If the desire was to leave the exterior appearance of the building
unaltered, an interior insulation approach could be used. However, due to
thermal bridging an interior insulation approach would not be able to achieve
an R-24 effective wall.



The ground-source heat pump CRM bundle is the second most costly
options for the lab archetype. For the ground-source heat pump, the ICCs
are largely driven by the cost of drilling the bore holes, but also by the need
for a shed outside of the main building to house the heat pump, and an
additional heat exchanger in the basement between a glycol solution loop
connected to the heat pump and the water loop inside the building. Due to a
lower heating water supply temperature, the VAV system will require
retrofitting with larger reheat coils.



The air-source heat pump ICCs are largely driven by the cost of the
equipment itself, along with the back-up boiler, but the heat pump will also
need an additional heat exchanger connected to a water loop with glycol
solution. Due to a lower heating water supply temperature, the air-source
heat pump system will require retrofitting the VAV system with larger reheat
coils.



The active heat recovery CRM ICCs are similar to the air-source heat pump
for the lab archetype, as these systems have similar equipment. The ICCs
are mainly driven by the heat recovery chiller serving the cooling coil in the
lab exhaust air.



The remaining three CRMs (glycol heat recovery, VSD on the plume hood,
and electric boiler bundle) have relatively low ICCs. In the case of the
electric boiler bundle, it may provide a cost savings compared to the
baseline.


The lower ICCs of the glycol heat recovery are, in some locations, a
result of the fact that a smaller heat exchanger may be used.



The low ICCs of the VSD on the plume hood result from the addition of
the VSD being the only difference between this measure and the
baseline scenario. All other components remain the same.



The ICC savings associated with the electric boiler bundle, in some
locations, result from an electric boiler being less costly than connecting
to the district heating system in the baseline scenario.

Figure 4.1 through Figure 4.5 show the low and high ICC estimates for the CRMs for
each of the five locations being evaluated. Note that the scale used in the figures is
held consistent for ease of comparison. Overall, Vancouver experiences the largest
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ICCs while Halifax shows the lowest. This is mainly due to material and labour costs
being higher for high density areas such as Vancouver. Some of these ICCs are
partially offset by the size of heating and cooling equipment. In more extreme
climates such as Toronto, Montreal, and Edmonton, equipment must be larger. In
more moderate climates such as Vancouver, smaller sized equipment is sufficient to
meet the needs of the building.
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Figure 4.1 Incremental capital cost normalized per floor area for the lab CRMs compared to the
corresponding baseline for Vancouver. Individual thermal load reduction CRMs are shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 4.2 Incremental capital cost normalized per floor area for the lab CRMs compared to the
corresponding baseline for Edmonton. Individual thermal load reduction CRMs are shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 4.3 Incremental capital cost normalized per floor area for the lab CRMs compared to the
corresponding baseline for Toronto. Individual thermal load reduction CRMs are shown with a solid bar
and CRM bundles are shown with a stripped bar.
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Figure 4.4 Incremental capital cost normalized per floor area for the lab CRMs compared to the
corresponding baseline for Montreal. Individual thermal load reduction CRMs are shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Incremental Capital Cost ($/m²)
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Figure 4.5 Incremental capital cost normalized per floor area for the lab CRMs compared to the
corresponding baseline for Halifax. Individual thermal load reduction CRMs are shown with a solid bar
and CRM bundles are shown with a stripped bar.

4.2

Net Present Value

This section provides the net present value ($/m²) of the thermal load reduction
CRMs and the CRM bundles. In each case, the NPVs are presented for a low and
high scenario representing the high and the low (respectively) end of the capital
cost estimates. A positive NPV indicates that utility cost savings offset the capital
investments over the timeframe of the analysis (40 years). A negative NPV indicates
that they do not. Consideration is not given to other benefits of building retrofits,
such as increased comfort, greater resilience, protection from carbon pricing, or the
perceived value of carbon reductions and market leadership.
In general, the following trends were noted as part of the financial analysis for deep
carbon retrofit activities:


Enclosure upgrades result in a negative NPV for all locations. This is due to
the large initial capital investment needed for this CRM.



In some locations the active heat recovery measure and the electric boiler
bundle also result in negative NPVs. This results from the cost of heating in
these locations and the heat demand relative to the savings associated with
the VSDs included in each of these bundles.



The two heat pump CRM bundles result in the highest NPVs. In both cases,
the energy and GHG savings resulting from replacing the baseline
equipment with heat pumps result in lower annual operating costs that
greatly contribute to the high NPVs of these bundles.



Although the ground-source heat pump has a higher incremental capital
cost, the ground loops have a long lifespan and would typically not be
replaced during a 40-year period. Thus, the ground-source heat pump
replacement costs are lower than for the air-source heat pump, improving
the NPV.
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Figure 4.6 through Figure 4.10 show the NPVs for the CRMs for each of the five
locations being evaluated. In general, Halifax has the highest NPVs, largely due to
high natural gas costs. Vancouver experiences the lowest NPVs due to the low
energy use of the baseline building in Vancouver.
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Ground Source Heat Pump Bundle

Figure 4.6 Net present value normalized per floor area for the lab CRMs compared to the
corresponding baseline for Vancouver. Individual thermal load reduction CRMs are shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 4.7 Net present value normalized per floor area for the lab CRMs compared to the
corresponding baseline for Edmonton. Individual thermal load reduction CRMs are shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 4.8 Net present value normalized per floor area for the lab CRMs compared to the
corresponding baseline for Toronto. Individual thermal load reduction CRMs are shown with a solid bar
and CRM bundles are shown with a stripped bar.
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Figure 4.9 Net present value normalized per floor area for the lab CRMs compared to the
corresponding baseline for Montreal. Individual thermal load reduction CRMs are shown with a solid
bar and CRM bundles are shown with a stripped bar.
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Figure 4.10 Net present value normalized per floor area for the lab CRMs compared to the
corresponding baseline for Halifax. Individual thermal load reduction CRMs are shown with a solid bar
and CRM bundles are shown with a stripped bar.

4.3

Summary Financials

NPV is not the only metric useful to a financial analysis. This section summarizes the
NPV results and provides results for two additional metrics: the internal rate of return
(IRR) and the cost of carbon abatement.
The IRR is the discount rate that would be required to achieve a NPV of zero, or put
another way, the amount by which future cost savings can be discounted and the
retrofit still break even. This is useful for estimating the profitability of investments.
While a positive IRR indicates that future cash flows are greater than the original
capital cost, the IRR must be higher than an organization’s threshold (such as the
cost of borrowing money) in order for the investment to be justified on strictly
financial terms. A positive IRR occurs when there is a small initial cost and large
annual energy cost savings.
The cost of carbon abatement is the NPV divided by the emission reductions over
the 40-year measurement period. If NPV is positive, then the investment yields a
positive lifecycle return and therefore there is no cost of carbon abatement - though
there may still be capital cost barriers to implementing the upgrades. If the proposed
measures result in an increase in emissions (such as was the case for the electric
boiler bundle in Edmonton and Halifax), the cost of carbon abatement cannot be
calculated since there is no abatement.
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TABLE 4.2 FINANCIAL ANALYSIS
CRM or Bundle

Vancouver

Enclosure
Upgrade

Edmonton

Internal Rate of
Return (IRR, %)

Low

Low

High

High

Avg. Cost of
Carbon
Abatement
($/tCO2e)

($310)

($210)

(5%)

(4%)

>$500

Glycol Heat
Recovery

$90

$100

26%

35%

$-

Active Heat
Recovery

$70

$100

10%

14%

$-

VSD on Plume
Hood

$80

$90

42%

62%

$-

Electric Boiler
Bundle

$80

$80

20%

26%

$-

Air-source Heat
Pump Bundle

$360

$390

28%

40%

$-

Ground-source
Heat Pump
Bundle

$270

$380

12%

23%

$-

($220)

($130)

(2%)

(1%)

$445

Glycol Heat
Recovery

$210

$210

495%

737%

$-

Active Heat
Recovery

($10)

$20

4%

7%

$-

VSD on Plume
Hood

$180

$180

76%

110%

$-

Electric Boiler
Bundle

($260)

($260)

135%

91%

$-

Air-source Heat
Pump Bundle

$540

$570

44%

62%

$-

Ground-source
Heat Pump
Bundle

$610

$730

17%

33%

$-

($230)

($140)

(2%)

(1%)

>$500

Glycol Heat
Recovery

$110

$120

53%

74%

$-

Active Heat
Recovery

($30)

$-

2%

5%

$10

VSD on Plume
Hood

$180

$190

100%

149%

$-

Electric Boiler
Bundle

($210)

($210)

335%

222%

$85

$500

$510

59%

85%

$-

Enclosure
Upgrade

Enclosure
Upgrade

Toronto

Net Present Value
($/m²)

Air-source Heat
Pump Bundle
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TABLE 4.2 FINANCIAL ANALYSIS
Ground-source
Heat Pump
Bundle

$510

$630

17%

35%

$-

($230)

($140)

(3%)

(2%)

>$500

Glycol Heat
Recovery

$220

$220

149%

219%

$-

Active Heat
Recovery

$90

$120

11%

16%

$-

VSD on Plume
Hood

$60

$60

39%

58%

$-

Electric Boiler
Bundle

$110

$110

-

-

$-

Air-source Heat
Pump Bundle

$400

$420

47%

66%

$-

Ground-source
Heat Pump
Bundle

$350

$470

13%

26%

$-

($180)

($100)

(1%)

-

>$500

Glycol Heat
Recovery

$240

$240

251%

374%

$-

Active Heat
Recovery

$110

$130

14%

20%

$-

VSD on Plume
Hood

$200

$210

103%

151%

$-

Electric Boiler
Bundle

($70)

($70)

94%

63%

$-

Air-source Heat
Pump Bundle

$770

$790

90%

131%

$-

Ground-source
Heat Pump
Bundle

$820

$910

26%

56%

$-

Montreal

Enclosure
Upgrade

Halifax

Enclosure
Upgrade

4.4

Key Takeaways

This section provides the key takeaways from the financial analysis.
 Enclosure Upgrades
Enclosure upgrades have a negative NPV and are the least cost-effective option
studied for labs looking to decarbonize. In order to achieve a high-performing
enclosure an overcladding approach would be ideal, however, the large initial
capital investment needed for this approach results in a payback period that is
greater than the 40-year lifespan assumed for the enclosure upgrades.
Enclosure upgrades were not included in the CRM bundles.
An interior insulation approach could be used as an alternative and may be less
costly, but as mentioned above, it would not achieve the desired performance.
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It is important to note for this study no business-as-usual upgrades were
assessed. The financial return of upgrading the enclosure was evaluated
compared it to simply not upgrading the enclosure at all, rather than comparing
enclosure upgrades to business-as-usual upgrades. The financial return of these
investments could be significantly improved by timing upgrades to coincide with
the planned renewal or upgrade of the enclosure components.
 Glycol and Active Heat Recovery
The two heat recovery measures (glycol heat recovery and active heat
recovery) were found to have similar energy savings for all locations; however,
the glycol heat recovery was found to be more cost-effective than the active
heat recovery, with a lower ICC and a positive NPV in all locations. For this
reason, a glycol heat recovery retrofit was included in the CRM bundles.
 VSDs on Plume Hoods
The installation of VSDs on plume hoods provided relatively low energy savings
(approximately 5%) but resulted in a positive NPV and was therefore included in
the CRM bundles.
 Electric Boiler Bundle
From an incremental capital cost standpoint, the electric boiler bundle is a costeffective measure for all locations. This bundle has a relatively low ICC
compared to most of the other CRMs and in some locations even results in ICC
savings. With the heating-demand reductions from the glycol heat recovery and
VSDs, the smaller-capacity electric boiler is less costly than replacing the endof-life water-to-water heat exchanger that connects the building heating system
to the district heating system in the baseline scenario. From a NPV standpoint,
however, the electric boiler bundle does not make sense in all locations. In
Edmonton, Toronto, and Halifax, this bundle has a negative NPV resulting from
the cost of electricity in these locations and the increased heating demand.
 Ground-Source Heat Pump Bundle
The ground-source heat pump bundle may be a viable option for labs looking to
decarbonize. The heat pump is one of the more costly CRM options, mainly due
to the cost of drilling the bore holes, but the long lifespan of the ground loops
results in low replacement costs and therefore a good return on investment.
 Air-Source Heat Pump Bundle
The air-source heat pump bundle also results in a positive NPV, though
generally not as high as the ground-source heat pump bundle because the heat
exchanger would need to be replaced part way through the life of the heat
pump. On the other hand, the disadvantage of having to replace the heat
exchanger may be outweighed by the lower ICC of the air-source heat pump
bundle.
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5

Discussion

This section discusses issues related to the key findings, implementation
considerations, and applicability to other labs.

5.1

Archetype versus Unique Buildings

As mentioned previously, the challenge in assessing labs at an archetype level is
that all labs are inherently unique. The lab archetype that was used for analysis in
this study was the Saskatoon NRC lab at the University of Saskatchewan. It is an
example of a fume hood driven wet lab with high air change rates in the lab spaces
and fume hoods.
Labs with similar building characteristics and HVAC systems likely exist across
Canada, however, many labs will have some different characteristics that can
impact the potential for carbon reductions. For example, a lab with an electric
heating system, in a location with a low carbon-intensity electrical grid, would likely
not see as high a net carbon reduction. On the other hand, a gas-heated lab with
deferred maintenance, whose business-as-usual scenario is to only do the bare
minimum, may achieve greater-than-expected net carbon reductions from
implementing a deep retrofit.
Other unique aspects of individual lab buildings may impact the ability to implement
the measures selected in this study. For example, buildings may have limited space
or structural limitations for the new mechanical equipment. Lot line or limiting
distance requirements for fire safety may impede a building’s ability to install exterior
insulation as this may encroach on adjacent buildings or egress routes.
Designers should consider the information in this report in conjunction with the
specifics of the project and the advice of design professionals to arrive at a design
that best addresses the needs of each specific project.

5.2

Impact of Grid Emissions

As shown in the evaluation of CRMs in Section 3.2, the GHGI of the lab archetype
following the implementation of the CRMs varies widely from location to location due
to differences in the carbon intensity of the electrical grids.
Importantly, even in Edmonton and Halifax, which currently have electrical grids that
are relatively carbon intensive, all CRMs except electric boilers showed decreases in
GHGI relative to the baseline scenarios. Furthermore, the carbon intensity of
electrical grids is falling as coal-fired power generation is eliminated and renewable
energy sources and natural gas play a larger role. It is therefore advantageous, and
indeed critical, that lab buildings across the entire country decarbonise by making
appropriate upgrades and fuel-switching as soon as building investment
opportunities arise.
The carbon intensity of an electrical grid is represented by an emission factor, in
units of g CO2e/kWh. In the evaluation of CRMs in Section 3.2, “average” emission
factors were used to calculate the GHGI and potential carbon reductions. Average
emission factors represent the carbon intensity of all types of power generation
within a province. These factors ignore hourly variations in the types of power
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generation and assume the grid will respond to demand reduction by reducing all
types of generation equally. An alternate approach would be to assume that only the
last power plant turned on during peak times of day will be impacted by decreasing
demand. This is also not accurate, however, as the last power plant to be turned on
to meet peak demand may not be operating at other times of the day.

5.3

Peak Electricity Demand and Service Upgrades

The evaluation of CRMs in Section 3.2 shows that the electrification of space
heating and domestic hot water can increase peak electricity demand, as well as
shift the annual peak demand from a summer to winter peak in many cases.
In some cases, fuel switching measures may increase the peak electrical demand of
a facility beyond its design capacity. If an upgrade to the electrical service of a lab
building is required, the cost will vary significantly depending on the original
electrical design and any changes to the building throughout its lifetime.
If measures that reduce heating demand are implemented alongside heat pumps,
any increase in peak electricity demand can be reduced. In addition, it is common
for a lab building’s electrical service and building transformer to be over designed,
especially in larger buildings. Finally, most buildings that were constructed with high
wattage lighting have undergone lighting retrofits that have significantly reduced the
electrical demand. As a result of these factors, it is estimated that over 50 per cent
of the lab buildings studied would not require any electrical upgrades when
undergoing fuel switching retrofits.
A simple check to see if an electrical service upgrade is required would be to
compare the recent electricity demand history from utility records to the rated
capacity of the building transformer. The excess capacity of the current transformer
would be a gauge as to whether the facility has enough capacity for fuel switching
measures. An electrical consultant should be engaged to complete this assessment.
When buildings do require electrical upgrades for fuel switching measures, each
project should be considered by an electrical consultant to obtain accurate upgrade
costs as the extent of the electrical upgrade can vary significantly. Costs may range
from $20,000 for simple wiring upgrades for a new electrical panel to $1,000,000 for
a new building transformer in a large facility.
Due to the large range in cost and the specificity to each project, electrical
upgrades have not been included in the economic analysis of this study. However, it
is fair to say that there can sometimes be large electrical service upgrade costs
required to support fuel switching, and this can make the economics of these
retrofits very poor. Additional financial support mechanisms (e.g. Commercial
Property Assessed Clean Energy (C-PACE) financing and On-Bill Financing) for
projects that need electrical service upgrades can reduce this barrier. Utility
providers and policy makers should continue to invest in demand reduction
initiatives to help mitigate these potential cost barriers.

5.4

Considerations for Climate Adaptation

As cooling loads in Canada are anticipated to increase as the climate changes,
retrofits should include considerations for adapting to the need for additional
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cooling. For example, when new HVAC systems are installed, designers may wish to
size chillers, cooling coils and distribution systems to ensure there will be adequate
capacity to deliver future cooling loads.

5.5

Heat Pump Considerations and Limitations

Air-source and ground-source heat pumps were evaluated as options to electrify
space heating and service hot water. Both heat pump types were assessed based
on what is currently feasible with available products and/or building practices. At
least two current suppliers of air-source heat pumps can provide systems with
capacities of up to 90 tons that are able to deliver water temperatures of 50°C,
down to ambient temperatures of -15°C at 70 to 80 per cent of their rated heat
capacity. Several other manufacturers are developing similar products and higher
capacity heat pumps are expected in the future. These systems were applied in the
deep retrofit scenarios studied. Ground-source heat pumps of this scale are a wellestablished technology; however, they are rarely used due to the high capital costs
of the geo-exchange well fields.
Condensing gas boilers were used to meet heating demand when the outdoor
temperature was below -15°C. These boilers only provided between 1 and 7 per
cent of the total heating energy load, but they reduced the capacity of the heat
pumps required and helped to control capital costs.
Heat pumps are a rapidly expanding market and as this market evolves, capacities
and cold climate performance are expected to improve. Small (up to 40 kW output)
R-744 (CO2) air-source heat pumps are now available in the Canadian market that
are capable of supplying hotter (90°C) water and operating in colder climates.
These units are too small of a capacity to be useful for labs, however larger capacity
versions will likely be developed in the future. Such systems would reduce capital
costs and the need for natural gas boilers, while providing the added benefit of
eliminating the potential hazard of refrigerants with high global warming potentials
and the need to convert the heating system to be compatible with low temperature
hot water heating. These systems were not considered in this study.

5.6

Scheduling and Phasing Energy Retrofits

Deep energy retrofits should be planned to coincide with other renewal activities in
order to minimize costs and overall building disruption. This study did not evaluate
business-as-usual renewals, however, the financial results reported in this study
could be significantly improved by upgrading components and systems at their
normal end of life.
Exhaust air heat recovery systems should be considered at any time where no such
system already exists. They should always be considered prior to upgrading the
primary heating and cooling system (e.g. boilers and chiller) as they can significantly
reduce the design day capacity required of the primary heating and cooling system.
Similarly, variable speed drives for plume fan can be installed on existing fan motors
at any time, though these do not typically impact other systems in the building
significantly.
Boilers and chillers typically need to be replaced every 15 to 25 years and
scheduling carbon reduction measure at this time is prudent. More efficient and
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decarbonized heating sources such as heat pumps are typically lower temperature
heating sources, and this lower temperature can significantly impact the heating
capacity of heating equipment downstream of the boilers. Most existing labs have
heating systems and their terminal heating devices (e.g. heating coils, baseboard
convectors, etc.) are designed for a supply temperature of 80°C (180°F) returning a
temperature of 70°C (160°F). Most heat pumps, including ground-source heat
pumps, are designed to deliver 50°C (120°F) with a return temperature of 30°C
(90°F). This impact must be considered prior to any heating system retrofit.
In order to provide the same heating capacity with a reduced heating water
temperature, the heating demand can be reduced, or the terminal heating coils and
convectors replaced with devices with a greater heat exchange surface area. In
fume hood driven wet labs, the heating demands are typically driven by the reheat
requirement of the supply air, and not the enclosure heating demands, thus
enclosure retrofits do not usually reduce heating demand enough to compensate for
the lower hot water supply temperature. Most fume hood driven wet labs have a
heating coil in the air handling units to temper the make-up air in the wintertime.
They also have a reheat coil for the lab spaces that responds to the local thermostat
for winter heating, and to reheat the air after it is cooled and dehumidified centrally
during the summer. Some additional baseboard convectors may also exist for nonlaboratory spaces. These would all need to be replaced with low temperature
heating versions in a heat pump retrofit. Replacement of terminal heating systems
due to end of life would typically occurs on a 50 to 70 year frequency if the heating
system was well maintained, thus for some labs converting to heat pumps might
require premature replacement.
Electric boilers can replace fossil fuel boilers without impacting the temperature of
the heating system. And heat pumps that provide cooling are typically compatible
with existing cooling equipment.

5.7

Construction Process

There is a large pool of trades with the skills necessary to perform retrofit work;
however, finding qualified general contractors and construction managers has been
identified as a key retrofit market challenge. Although the construction technology
and techniques may be similar to typical renewal projects, there is a general lack of
deep energy retrofit experience. As a result, some building management
organizations have taken on the role of general contractor themselves. This allows
them to break down the work into smaller pieces that sub-contractors are more
willing to bid on, and as a result they receive more bids and can be more selective.
Although there are some advantages to a self-managed approach, it may not be
realistic for an owner group to self-manage a deep energy retrofit project. This is
especially true for complex projects such as lab buildings. Construction
management requires specialized skills, e.g., costing, tendering, contract
administration, coordination of trades, site safety, and an understanding of the
technical work. Inexperienced owners trying to take on the role of general
contractor increase their risk and artificially limit the scale, scope, and complexity of
the project. This can potentially increase costs or decrease the performance
achieved.
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Deep carbon retrofit project teams may choose to use a construction management
approach. On projects that are large, complex, and challenging, or those that simply
require innovative solutions, a construction manager that is experienced with retrofit
work, ideally as part of the engineering services, can be retained to oversee the
implementation of the work. In addition to conventional administrative duties, as
construction managers, the firm takes responsibility for construction-related
activities and provides a full-time site superintendent to actively manage the work.
This provides better control and oversight to co-ordinate the work and effectively
determine solutions to address issues as they arise, while maintaining the budget
and schedule.
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6

Summary and Recommendations

This work considered pathways to decarbonize lab buildings by evaluating CRMs
and CRM bundles for a wet lab archetype based off the Saskatoon National
Research Council (NRC) lab at the University of Saskatchewan. Energy modelling
was used to assess the energy and greenhouse gas reduction impacts, as well as
peak electricity demand, of each CRM and CRM bundle. This was completed for five
geographical locations; Vancouver, Edmonton, Toronto, Montreal, and Halifax.
As part of this work, a financial analysis was also undertaken that included
incremental capital costing and calculation of the net present values for both the
individual CRMs and the CRM bundles.

6.1

Summary of Results

The following are key takeaways from this analysis:
 Enclosure Upgrades


For all locations, relatively small energy, carbon emission, and peak demand
reductions result from the enclosure upgrades, showing that enclosure heat
losses are not critical to lab retrofits.



Negative NPVs and high initial capital investments indicate that the
enclosure upgrades are the least cost-effective option studied.

 Glycol and Active Heat Recovery


The two heat recovery measures result in similar energy and GHGI savings,
however the active heat recovery measure results in an increase in peak
electricity demand.



The glycol heat recovery was more cost-effective than the active heat
recovery, with a lower ICC and a positive NPV in all locations.

 VSDs on Plume Hoods


The installation of VSDs on plume hoods provides relatively low energy
savings (4-7%), but is a cost-effective measure resulting in a low ICC and
positive NPV in all locations.

 Electric Boiler Bundle


Although the electric boiler bundle results in energy savings, peak electricity
demand increases in all locations.



In Edmonton and Halifax, the change from a natural gas boiler to an electric
boiler results in an increase in carbon emissions due to the carbon intensity
of the current electricity grid in these locations.



This bundle results in low incremental capital cost, and capital cost savings
in some locations. However, this bundle results in a negative NPV for
Edmonton, Toronto, and Halifax, due to high electricity costs.
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 Heat Pump Bundles


The highest carbon emission reductions result from the two heat pump
bundles. These two heat pump systems result in similar energy and GHG
reductions, with variations due to climate.



The ground-source heat pump bundle results in peak demand reductions
across all locations, but also higher need for natural gas back-up heating
compared to the air-source heat pump bundle.



The heat pump bundles are cost-effective, resulting in high NPVs. As an
initial investment the ground-source heat pump is one of the more costly
measures, but the long lifespan of the ground loops results in low
replacement costs and a good return on investment.

6.2

Recommendations

Based on the results of this study, the following are key recommendations for wet
labs:
 Enclosure heat losses are not critical to lab retrofits and enclosure upgrades are
not a cost-effective option for labs looking to decarbonize.
 Both glycol heat recovery and active heat recovery are viable options for labs
looking to decarbonize, however glycol heat recovery is a better option, as
active heat recovery is less cost-effective and results in increased peak
electricity demand.
 Installing VSDs on plume hoods is a cost-effective measure and is
recommended in combination with other measures that result in greater energy
savings, such as heat pumps.
 The electric boiler bundle may be a viable option for labs looking to decarbonize
in locations with low heating demand (mild climate) or very low electrical utility
costs, as well as a low carbon intensity electricity grid (such as Vancouver and
Montreal). However, the significant peak electricity demand should be
considered.


Both the air-source and ground-source heat pump bundles are recommended
for labs looking to decarbonize. These bundles result in the highest carbon
emission reductions and are cost-effective, resulting in high NPVs. Of the two,
the ground-source heat pump bundle may be the better option as the long
lifespan of the ground loops results in low replacement costs and a good return
on investment compared to the air-source heat pump bundle, which requires the
heat exchanger to be replaced part way through the life of the heat pump.
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Appendices

Appendix A – Detailed Modelling Assumptions

9/27/2021

GENERAL
Archetype

3 Floor Laboratory

Location

Saskatoon

Modelling Software

eQuest v.3.65

Weather File

CAN_SK_Saskatoon.Intl.AP.718660_CWEC2016.bin

Document References

Addition & Renovations to the Plant Biotechnology Institute Architectural, Mechanical & Electrical drawings, September 2000
National Research Council Saskatoon (SAS) Feasability Study, March 2016 (by Ameresco Canada)
National Research Council Sasksatoon (SAS) Operations & Maintenance Manual, February 2019 (by Ameresco Canada)
National Research Council Sasksatoon (SAS) Energy Performance Project Monitoring and Review Report, April 2020 (by Ameresco Canada))

ARCHITECTURAL
Opaque Assemblies

ECM1

ECM2

ECM3

ECM4

ECM5

Ventilation Upgrade
Assembly

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

ECM6

ECM7

Deep Retrofit: Plant + Ventilation
4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

Reference/Description

Clear field: RSI-2.6 (R-15)
Effective: RSI-2.1 (R-12)

Add 3" XPS
Clear field: RSI-5.2 (R-30)
Effective: RSI-4.2 (R-24)

m²K/W (ft²-hr-°F/Btu)

3" extruded polystyrene insulation

Spandrel

RSI-0.56 (R-3) effective

Add 2" unframed XPS
RSI-1.97 (R-11) effective

m²K/W (ft²-hr-°F/Btu)

Insulation in metal pan

Main Roof

RSI-3.5 (R-20) effective

Add 4" XPS
RSI-7.0 (R-40) effective

m²K/W (ft²-hr-°F/Btu)

4" extruded polytyrene insulation

Brick Wall

Window to Wall Area
Window to Wall Area
Overall

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

29%

Units

Reference/Description

%

Fenestration Performance
Fenestration

U-value (overall)

SHGC (overall)
Airtightness
Infiltration Rate (@ Operating Pa)

Calibrated

Baseline

Double glazed.
Punched = 2.0 (0.36)
Curtainwall = 2.4 (0.43)

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Triple glazed.
Punched = USI-0.86 (U-0.15)
Curtainwall = USI-1.2 (U-0.23)

0.4
Calibrated

1. Enclosure Upgrade

Units

W/m²K (BTU/ft²-hr-°F)

Reference/Description

Baseline: Double glazed, soft coat low-e on surface #2, argon
filled. Aluminimum frame with standard thermal break.

0.33
Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units
l/s/m² gross external
area

0.52

Reference/Description
At operating conditions. ASHRAE Fundamentals, Leaky Building
(2009); infiltration rate per m² of exterior envelope

MECHANICAL
Heating Plant
Boilers

Boiler Type

Calibrated

Central Steam Plant

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

GSHP. Condensing gasfired boiler for backup/
seasonal load balance.

-

Gas Boiler

Gas Boiler

Gas Boiler

Gas Boiler

Gas Boiler

Install Electric Boiler

Replace with air to water
heat pump (e.g. Aermec)
which can operating
down to 5°F
(-15°C). Condensing gasfired boiler as backup.

Seasonal = 60%

Seasonal = 60%

Seasonal = 60%

Seasonal = 60%

Seasonal = 60%

100%

Reference/Description

Aermec unit.
Boiler = 95%

GSHP Heat COP = 3.3
Boiler = 95%

%

Heating Water Supply Temperature

82°C (180°F)

120°F

120°F

130°F

°C (°F)

Heating Water Return Temperature

65°C (150°F)

90°F

90°F

105°F

°C (°F)

Per schedules on Drawing C-M27

Heat Recovery Systems

Calibrated

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

Reference/Description

Thermal Efficiency

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

Thermal Efficiency

Pump type

Power

23139.000

4. VSD on plume hood

P1. Electric Boiler

Additional heat recovery
chiller serving cooling
coil in lab exhaust air
(heat rejected to building
HW loop)

System Type

Pumps

3. Active Heat Recovery

Constant speed

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

Per schedules on Drawing C-M27

-

6.5
Calibrated

Assumed

%
4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

VSD - convert 3-way
valves to 2-way valves
for baseboards

VSD - convert 3-way
valves to 2-way valves
for baseboards

-

29

W/gpm
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Assumed
Reference/Description

Per schedules on Drawing C-M27
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Cooling Plant
Chiller

Chiller Type

Thermal Efficiency
Cooling Water Supply Temperature
Cooling Tower
Type
Fan
Cooling Water Supply Temperature
Cooling Pumps
Pump type
Pump Power

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

Dual Compressor Water
cooled chiller

5.2

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

Air to water heat pump
(same as boiler
replacement)

GSHP

-

Per Drawing C-M25

Aermec unit.

GSHP Cool COP = 4.4

°C (°F)

Per schedules on Drawing C-M27

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

Reference/Description

Closed circuit fluid cooler

n/a

Installed for Vancouver

-

Per Drawing C-M25

Cycling

n/a

VFD

-

Assumed as no schedule provided

6.7°C (44°F), ΔT=10°F
Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

29°C (85°F), ΔT=10
Calibrated

n/a
Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

VSD and two way valve at VSD and two way valve at
AHU cooling coils
AHU cooling coils

Constant speed
CHW = 29
CW = 18

COP

Reference/Description

Efficiency assumed as no schedule provided

°C (°F)

Assumed.

Units

Reference/Description

W/gpm

Per schedules on Drawing C-M27

Domestic Water Heating
System

DHW Heater

Calibrated

Central Steam Plant

Thermal Efficiency
Building Peak Load
DHW HW Supply Temp

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

GSHP Heat Pump (plus
backup building gas
boiler) to 130F, electric
Resistance booster to
140F

-

Same as plant
booster =100%

(District Heating)
(gas)

(District Heating)
(gas)

(District Heating)
(gas)

(District Heating)
(gas)

(District Heating)
(gas)

Electric Boiler

Fed from heating plant
(AWHP with backup gas
boiler) to 120F, electric
resistance booster to
140F

Seasonal = 60%

Seasonal = 60%

Seasonal = 60%

Seasonal = 60%

Seasonal = 60%

100%

Same as plant
booster =100%

%

Reference/Description

Assumed

180

W/occ

NECB Table A-8.4.3.3.(1)

60°C (140°F)

°C (°F)

Assumed

Units

Reference/Description

HVAC Systems
Central HVAC System

System Type

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

VAV 100% OA AHU with
hydronic heating and
cooling coils. 3 VAV
rooftop exhaust fans
connected to fume hoods.
1 central exhaust fan for
washroom.

-

Peak = 25,000

Design Supply Air Flow

Labs:
Peak = 8 ACH
Unoccupied = 4 ACH
Silent hours = 2 ACH
(average =3 due to
cooling)

cfm

Per data provided from Amersco (June 22,2021). Silent hours =
weekday nightime (8pm-7am) and weekends

Office/Common Areas:
Constant volume day, 45%
reduction at night
Outdoor Air Flow

Total System Fan Power

Fan Control

100%

Per schedules on Drawing C-M27 and 2019 O&M

Supply = 1
Lab exhaust = 0.75
Washroom exhaust= 0.2

Supply = 1.2
Lab exhaust = 0.95
Washroom exhaust=0.2

VFD on AHU & Lab
VFD on AHU
Exhaust fans
Lab plume exhaust flow
Controlled with occupancy
is constant
sensors throughout labs

VFD on AHU
Lab plume exhaust flow is
constant

VFD on AHU
Lab plume exhaust flow
is constant

Supply = 1
Lab exhaust = 0.95
Washroom exhaust=0.2
VFD on AHU
Lab plume exhaust flow
is constant

Supply = 1.2
Lab exhaust = 0.95
Washroom exhaust=0.2

Supply = 1.2
Lab exhaust = 0.95
Washroom exhaust=0.2

Supply = 1.2
Lab exhaust = 0.95
Washroom exhaust=0.2

VFD on AHU & Lab
Exhaust fans
Controlled with
occupancy sensors
throughout labs

W/cfm

-

Per schedules on Drawing C-M27

Per 2019 O&M, Section 3.0.

Supply Air Temperature (heating)

29.5°C (85°F) (Constant)

°C (°F)

Per heating/cooling coil schedules on Drawing C-M27

Supply Air Temperature (cooling)

12.2°C (54°F) (Constant)

°C (°F)

Per heating/cooling coil schedules on Drawing C-M27

Humidity Control

Heat recovery

23139.000

steam humidifier
Not operational

steam humidifier
min humidity = 30%

steam humidifier
min humidity = 30%

steam humidifier
min humidity = 30%

steam humidifier
min humidity = 30%

steam humidifier
min humidity = 30%

steam humidifier
min humidity = 30%

steam humidifier
min humidity = 30%

-

Heat recovery off chiller
cooling growth lab

none

none

40% effective glycol run
around loop on exhaust
and outdoor air

cooling coil on exhaust
air to cool air to 10°C

40% effective glycol run
around loop on exhaust
and outdoor air

40% effective glycol run
around loop on exhaust
and outdoor air

40% effective glycol run
around loop on exhaust
and outdoor air

-

CaGBC Retrofit Costing Study - Energy Modelling Inputs

Humidifier shown on drawing C-M24. However it does not
operate (per Jume 21 call with Ameresco)
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Zone Heating / Cooling

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Units

Reference/Description

Hydronic baseboards and
reheat coils.
System

Fan Power

Equipment rooms and
Floor 2 labs with higher
loads to contain FCUs for
cooling

-

FCUs = 0.15

W/cfm

Per FCU schedule on Drawing C-M27

Cooling Supply Temp

FCU = 12°C (54°F)

°C (°F)

Per FCU schedule on Drawing C-M27

Heating Supply Temp

Reheat coil SAT = 35°C
(95°F)

°C (°F)

SAT assumed.

ELECTRICAL
Lighting
Main space type

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Controls

Laboratory

0.85

W/m²

Offices/Support Spaces

0.55

W/ft²

Reference/Description
Based on lighting drawings provided in February 2019 O&M
Manual

Process Loads
Load
Laboratory Plug Loads
Office Plug Loads

Calibrated

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

10.0

Units
W/m²

7.5

W/m²

Extra laboratory equipment

10.0

W/m²

Elevators

6,300

kWh per year, per
elevator

Reference/Description

NECB Table A-8.4.3.3.(1)
Assumed (to calibrate model)
Estimated based on the Thyssen Krupp elevator energy
calculator using a geared traction system.

Space Conditions
Main space type

Calibrated

Laboratory & Offices

Mon-Friday
7am-8pm

23139.000

Baseline

1. Enclosure Upgrade

2. Glycol Heat Recovery

3. Active Heat Recovery

4. VSD on plume hood

P1. Electric Boiler

P2. Air-to-Water Heat
Pump

P3. Ground Source Heat
Pump

Occupancy Density
(m²/occupant)

10-20

CaGBC Retrofit Costing Study - Energy Modelling Inputs

Thermostat Set points
- Heated to 72°F, setback to 64°F during unoccupied hours
- Cooled to 75°F, setback to 85°F during unoccupied
- Occupancy based on ASHRAE 62.1-2010+diversity
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Appendix B – Commentary on Previous Study
In 2016, a feasibility study of the NRC Saskatoon building was undertaken by
Ameresco Canada (Ameresco). The Ameresco study focused on identifying energy
efficiency and facility renewal measures for the building, and provided a
recommended program for implementing these energy conservation measures
(ECMs). The findings from the Ameresco study indicated that an investment of $5.9
million would result in annual utility savings of $240,000, a 31% reduction in energy
consumption, and a 24% reduction in utility costs.
Through the analysis of the building’s existing utility data, Ameresco was able to
determine how energy within the lab building was being used and where energy
could be saved by implementing ECMs. To assess baseline energy usage and utility
costs, 12 months of utility data (November 2014 to November 2015) was used. This
was collected from utility bills and the Energycap database. Heating Degree Day
data was calculated using Environment Canada weather data for Saskatoon. Utility
rates based on those charged by the University of Saskatchewan were used to
calculate energy savings. It is also important to note that the lab relies on steam
from the campus energy plant for its heating, and chilled water is provided by a local
dual-compressor water-cooled chiller.
Using the findings from the utility data analysis, the Ameresco study identified and
assessed potential retrofit measures to reduce the energy consumption and utility
costs of the 100, 200, 300 and 400 wings of the building. However, retrofit
measures were only implemented in the 300 and 400 wings, as the others are
scheduled to be decommissioned. The ECMs assessed included:
 VAV Lab Ventilation Retrofits. This measure only applied to the 100/200/300
Wings of the facility and involved modifying the lab ventilation to control exhaust
flow and air changes. This is done by replacing the rooftop lab exhaust fans with
a variable flow rooftop exhaust system. The fume hoods were converted to
Variable Air Volume and general lab exhaust control air valves were installed.
This measure used a building automation system (BAS) to adjust the supply air
through the existing supply fans with new variable frequency drives (VFDs). A
BACnet interface was installed to allow the fume hood and exhaust control
system to communicate with the BAS. An Aircuity's OptiNet system was used to
monitor the labs for contamination and air quality, decreasing the air change
rate when no contaminants are detected. This measure resulted in energy
savings from the heating/cooling system, as well as fan power.
 VAV Optimization. This measure only applied to the 400 Wing of the facility and
involves modifying the lab ventilation and controls. The facility previously
maintained eight air changes at all times. This measure allowed air changes to
drop to two when the facility was unoccupied and clean and eight air changes
during occupied periods (determined by occupancy sensors), otherwise four air
changes were maintained. Like the VAV Lab Ventilation Retrofits in the
100/200/300 Wings, this measure involved installing an Aircuity's OptiNet
system and connecting to the BAS. The OptiNet system included monitoring the
exhaust at the Strobic fan exit to reduce fan speed when contaminants are not

present. This allowed the air changes to fall to two when the space was
unoccupied, if the air was clean. The Strobic fans used to disperse lab exhaust
also received VFDs to reduce speed and flow. The Phoenix control was also
upgraded to full digital control with BACnet integration into the BAS. This helped
ensure successful air change control. Again, this measure resulted in energy
savings from the heating/cooling system, as well as fan power.
 Enhanced Heat Recovery. This measure only applied to the 300 Wing of the
facility. The heat recovery effectiveness in the baseline building was low due to
the configuration of the coils. The air handler coils were reconfigured to put a
larger heat recovery / cooling coil in the upstream position.
 Optimize Heat Recovery. The cooling coil in the AHU serving the plant growth
chamber provided free cooled from glycol coils in the other AHUs when outdoor
air temperatures were less than -5°C. Above this temperature the AHUs could
not provide cold enough water temperatures for the plant growth chamber,
therefore all heat recovery is stopped. It was proposed to allow heat recovery up
to a warmer outdoor air temperature (5°C) and to add a small chiller to reduce
the plant growth chamber cooling loop down to its target temperature (9°C).
This measure was not implemented.
 Lighting Retrofit to All LED Lighting. This measure involved retrofitting the
fixtures with LED T8 lamps and high efficiency low ballast factor ballasts. This
measure also included installing occupancy sensors and daylighting sensors for
daylight harvesting where they do not create hazardous work conditions.

Appendix C – Summary of Results

TABLE B.1 SUMMARY OF RESULTS FOR THE LAB ARCHETYPE
TEUI,
kWh/m²/yr

Energy
Reduction1)
%

GHGI,
kgCO2eq/
m²/yr

GHG
Reduction1)
%

Peak
Demand,
kW

Vancouver
Baseline

569

59

245

Enclosure
Upgrade

542

5%

54

8%

245

Glycol Heat
Recovery

452

20%

35

41%

232

Active Heat
Recovery

385

32%

20

66%

247

VSD on
Plume Hood

530

7%

58

1%

216

Electric
Boiler

369

35%

12

79%

410

Air-Source
Heat Pump

203

64%

4

94%

227

GroundSource Heat
Pump

215

62%

8

87%

185

Edmonton
Baseline

925

316

256

Enclosure
Upgrade

874

6%

306

3%

256

Glycol Heat
Recovery

669

28%

280

11%

242

Active Heat
Recovery

700

24%

298

6%

272

VSD on
Plume Hood

886

4%

287

9%

227

Electric
Boiler

547

41%

332

-5%

677

Air-Source
Heat Pump

355

62%

202

36%

391

GroundSource Heat
Pump

384

58%

180

43%

187

TABLE B.1 SUMMARY OF RESULTS FOR THE LAB ARCHETYPE
TEUI,
kWh/m²/yr

Energy
Reduction1)
%

GHGI,
kgCO2eq/
m²/yr

GHG
Reduction1)
%

Peak
Demand,
kW

Toronto
Baseline

736

87

287

Enclosure
Upgrade

698

5%

81

7%

284

Glycol Heat
Recovery

569

23%

55

37%

276

Active Heat
Recovery

553

25%

50

43%

283

VSD on
Plume Hood

697

5%

86

1%

254

Electric
Boiler

472

36%

25

71%

670

Air-Source
Heat Pump

285

61%

16

82%

426

GroundSource Heat
Pump

273

63%

16

81%

252

Montreal
Baseline

815

96

287

Enclosure
Upgrade

777

5%

89

7%

287

Glycol Heat
Recovery

618

24%

58

40%

277

Active Heat
Recovery

626

23%

57

41%

298

VSD on
Plume Hood

776

5%

96

0%

255

Electric
Boiler

509

38%

20

79%

725

Air-Source
Heat Pump

316

61%

15

84%

426

GroundSource Heat
Pump

310

62%

19

80%

253

TABLE B.1 SUMMARY OF RESULTS FOR THE LAB ARCHETYPE
TEUI,
kWh/m²/yr

Energy
Reduction1)
%

GHGI,
kgCO2eq/
m²/yr

GHG
Reduction1)
%

Peak
Demand,
kW

Halifax
Baseline

760

Enclosure
Upgrade

722

5%

262

3%

274

Glycol Heat
Recovery

572

25%

244

9%

265

Active Heat
Recovery

554

27%

250

7%

295

VSD on
Plume Hood

721

5%

242

10%

243

Electric
Boiler

468

38%

271

-1%

590

Air-Source
Heat Pump

275

64%

167

38%

397

GroundSource Heat
Pump

284

63%

153

43%

213

1) Reduction compared to baseline

269

274

