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0 Summary  

0.1  Introduction and Methodology  

The primary objective of this study is to assess the implications of increasing outdoor air 

temperatures  due to climate change  on the thermal comfort of multifamily residential 

buildings in the Lower Mainland, and to identify cost -effective des ign measures that will 

maintain thermal comfort under future climate conditions.  

A variety of climate adaptation and mitigation measures (CAMMs) suitable for bot h new 

and existing, high and low rise multifamily residential buildings are explored using fut ure 

climate projections. Ideally, solutions are identified that improve thermal comfort without 

sacrificing parallel s ocietal objectives to reduce energy consumpt ion and greenhouse gas 

emissions. It is also desirable that identified solutions improve the r esiliency of buildings 

to maintain comfort during increasingly common extreme weather events such as 

unusually high te mperatures, wildfire -induced poor air qualit y, or power outages.  

The results of this study will support development of design guidelines, policies and 

standards that ensure new building provide residents with thermally comfortable 

environments, as well as programs that improve the thermal comfort of  existing 

residential buildings. This study will also guide best practises for incorporating 

projections of warmer future climate conditions into building energy modelling and 

design.  

The study evaluated four pr imary archetypes, representative of the deve lopment 

typologies in UBCõs residential neighbourhoods and across the Lower Mainland:  

1.  New Bui lding: Low Rise  

2.  New Building: High Rise  

3.  Existing Building: Low Rise  

4.  Existing Building: High Rise  

To assess future climate impacts, the archetypes were modelle d using future climate files 

specific to UBC, provided by the Pacific Climate Impact Consortiu m (PCIC). The future 

climate files are based on the Intergovernmental Panel on Climate Change (IPCC) 

Representative Co ncentration Pathway (RCP) 8.5 scenario for 2 020s, 2050s, and 2080s. 

The RCP-8.5 pathway represents the ôbusiness as usualõ greenhouse gas concentration 

scenario (i.e. the projected future climate if we take no committed action to reducing 

carbon emissions) .  

The following metrics are reported for ea ch archetype and each climate scenario:  

Ą Number of overheated hours per year, defined accordin g to the 80% acceptability 

limit outlined in ASHRAE 55 -2010 Section 5.3, and the modelled hourly peak 

operative
1

 tempe ratures ( °C) for representative thermal zone s within each 

building. The threshold of 200 -hours above the 80% acceptability limit, defined in 

the City of Vancouver Energy Modelling Guideline (and referenced by the BC 

Energy Step Code) is used as a reference  point in this study since it is the only 

 

1

 Operative temperature i s often used as a measure of human thermal comfort. Operative temperature considers the 

air temperature and the temperature of the surfaces in the space (mean rad iant temperature).  
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currently used standard within BC, although it may not prove acceptable by 

occupants on a consis tent basis, and even less so as outdoor temperatures 

increase over time.  

Ą Annual heating and total building energy cons umption, including BC Energy Step 

Code (BC ESC) metrics; thermal energy demand intensity (TEDI) (kWh/m²a), and 

total energy use intensity (TEUI) (kWh/m²a)  

Ą Annual cooling energy demand intensity (CEDI) (kWh/m²a) and peak cooling load 

(W/m²)  

Ą Greenhouse gas i ntensity (GHGI) (kgCO 2e/m²a), using City of Vancouver metric as 

defined in the City of Vancouverõs Green Buildings Policy for Rezoning
2

 

Ą Peak annual heating and cooling demand (W/m²)  

The BC ESC and City of Vancouver energy and emission metrics (TEDI, TEUI, GHGI), as well 

as peak heating and cooling d emand, are reported at the building level, whereas the 

results for thermal comfort are reporte d at the zone level.  

Costing was completed to gauge cost -effectiveness, and sensitivity analysis was 

completed to eva luate the resilience of proposed solutions t o power outages, high 

internal gains, loss of natural ventilation, and higher than predicted t emperatures.  

 

0.2  Recommendations for Methods and Standards  

Drawing on the study results, a number of design strategies a nd modelling 

recommendations are offered, wi th the intent of informing future analysis, program and 

policy development.  

0.2.1  Design Strategies   

For new  multi -family residential buildings:  

Ą Designing for reduced WWR and SHGC are both promising strategies given t hat they 

reduce the risk of overheating with  either a negligible or positive impact on 

incremental costs. It is recommended that these be considered as core design 

considerations in the near term. However, both strategies may reduce winter solar 

gains and increase thermal energy demand, and as such,  each strategy must be 

evaluated within the context of a specific project and its other perfor mance metrics.  

Ą Dramatically improving window thermal performance (e.g. to Passive House level) 

without also addressing solar heat gain, via a reduced SHGC and/or  shading 

measures, can put the building at risk of overheating. This leads the team to 

recomme nd that as build ing designs progress toward the highest steps of the BC ESC 

that solar heat gain reduction measures also be required. Reduced SHGC targets 

beyond what is already required by code would be one way to address this, or 

inclusion of exterior sh ading.  

Ą For the low -rise new archetype, the results indicate that upgrading the ventilation 

system to include a high efficiency HRV (with boost and bypass modes),  plus a cooling 

 

2

City of Vancouver, Green Buildings Policy For Rezoning ð Process and Requi rements, June 25, 2014  
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coil downstream of the HRV, meets the thermal comfort criteria based on RCP -8.5 

2050s climate.  This suggests that a separate mechanical cooling system is not 

generally required for this archetype in the 2050s climate, provided we accept the  

200 -hr 80% acceptability limit.  

Ą If not constrained to use a district heating system, heat pum ps could also be  installed 

at the time of construction to efficiently provide both heating and cooling.  The 

modeling results for an electric baseboard baseline sh owed that adding partial or full 

cooling in combination with passive measures  significantly in creases the thermal 

comfort when modelled with the RCP -8.5 2050s climate scenario, with no or minimal  

negative impact on  GHG emissions, total energy use, or the operating energy cost of 

the building.  

Ą If centralized HRVs are used, distrib ution ducts could  be oversized during design to 

allow additional capacity for cooling in the future. Current best practice for high 

efficiency HRVs is to size at 150 -160% capacity , which enables boost airflow and 

additional cooled air to be circulated when  needed.  

Ą Combined  in -suite HRV heat pumps are an emerging technology that may be suitable 

for condominium buildings that have individual suite metering and ownership.  

Ą Further wor k could include the development of design guidelines for a range of 

cooling ( or ôpartialõ cooling) strategies as we prepare buildings for future climate 

conditions.   

Ą In order to meet thermal comfort in the current and future climate without sacrificing 

energy demand reduction targets, it is recommended that any building that inclu des 

partial or fu ll mechanical cooling also include design elements to mitigate solar heat 

gain (such as exterior shading and/or low SHGC) and thereby manage cooling 

equipment loa ds. This will also reduce annual energy costs, electricity demand 

charges and  provide greater resiliency to power outages and poor air quality events 

such as forest fires.  

Ą A well -insulated, airtight enclosure, paired with passive cooling strategies, is sh own to 

be beneficial for mechanically cooled archetypes in terms of reducing peak cooling 

dema nd and annual cooling demand. It is also shown to be beneficial for non -

mechanically cooled buildings in terms of improving thermal comfort. A high 

performance en closure also reduces the total building energy use, greenhouse gas 

emissions and annual energy  cost.  

Ą A Cooling Energy Demand Intensity (CEDI) metric is used in this study to quantify the 

cooling demand in the current and future climate scenarios. Peak coo ling demand is 

also used. The Passive House Institute cooling demand intensit y metric is inclu ded as 

a theoretical reference point for the CEDI
3

. As our climate shifts from heating 

dominated to cooling dominated, a target for cooling demand intensity and/o r peak 

cooling demand will likely be desired. These targets will guide design  professionals 

to ward cooling strategies that consider not just comfort, but also overall energy 

reduction and resiliency goals.  

 

3

 PHIõs cooling demand intensity requirement is not climate specific, while Passive House  Institute US ( PHIUS) varies 

its target based on l ocation, building size, and occupant load.  
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For existing  buildings:  

Ą Generally speaking, for u pgrades to existing building assets, the most cost -effective 

time to accommod ate CAMMs is duri ng a planned renewal. For example, adding 

exterior shading during a comprehensive cladding and window renewal means that 

the work can be designed at the same time  for a cohesive appearance and proper 

detailing, and can make use of the same  site mobilizatio n such as scaffolding and on -

site trades that can accomplish multiple scopes of work. The bundles were selected 

and costed with this approach in mind, and where a pplicable, basic renewal with like -

for -like components was assumed as a start ing point for the  incremental costing.  

Ą As a corollary to the first point, if we do not  address climate adaptation and 

mitigation at the time of renewal, there is a lost opportuni ty cost, as major building 

assets such as windows and siding are typically on ly renewed once e very 40 or 50 

years. There is therefore some urgency with which programs and policies may be 

developed to support this type of work for existing buildings.    

Ą A p rimary focus for retrofitting existing buildings (both low and high rise) in the near 

term sho uld be on mitigating direct solar heat gain through existing high solar gain 

windows. Any passive measures that reduce solar heat gain are shown to significantly 

improve thermal comfort performance with this archetype and should be encoura ged 

at every oppo rtunity. If resources are limited, such efforts could focus on the south 

and west facing elevations where the solar heat gains are most impactful.  

Ą Further to the first point, it is recommended that any existing building that is 

considering  adding full mech anical cooling also incorporate passive solar heat gain 

mitigation measures (e.g. exterior shading). This will increase the likelihood that an 

added cooling syste m will actually be able to meet the peak cooling load . This will 

also reduce the likelihood th at the existing electrical capacity is exceeded with the 

addition of new equipment. While not evaluated in this study, it is possible that the 

cost of adding pass ive heat gain mitigation measures would be less than the cost to 

upgrade a bu ildingõs electrical service.  

Ą Combined in -suite HRV heat pumps are an emerging technology that may be suitable 

for existing condominium buildings that have individual suite meteri ng and 

ownership. This type of equipment would enable existing buildings, whi ch typically 

have neither mechanical cooling nor mechanical ventilation, to address efficient 

heating, cooling and ventilation needs in a single piece of equipment, although 

passi ve measures would likely also be required (similar to the HRV + cooling coil 

case). Additional  analysis is recommended to evaluate the best applications, available 

products, and demand reduction measures for this technology.  

0.2.2  Modelling considerations and re commendations  

Ą Current modelling guidelines prescribe the use of CWEC 2016 we ather files, whic h are 

based on historical data. As this study has shown, the use of future climate models 

dramatically changes the modelled results for the key overheating metric s. With the 

understanding that the climate will continue to change throughout  a buildingõs 

lif etime, it is strongly recommended that the modeling and design of new buildings 

incorporate future climate considerations.  
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Ą The historical CWEC files upon which t he future climate files are built, are provided in 

TMY format and are created  by combining twe lve statistical median months chosen 

from a continuous 15 -30 -year period of historical data. This approach results in a file 

that represents the average climate a nd does not include events such as cold snaps or 

heat waves. There is current ly no requirement  to use climate files that represents 

warmer (or colder) conditions than average, to stress test archetypes for Step Code 

compliance.  

As such, it is recommended t hat further analysis is conducted to identify a reasonable 

set of current and  future climate f iles that modellers can use to test the resilience of 

new building designs to extreme temperature events.  

Ą The definition of overheating outlined in the City of Va ncouver Energy Modelling 

Guideline v.2.0. was followed in this study for non -mechanically cool ed buildings. The 

upper temperature limit used to determine an overheated hour is a function of the 

mean outdoor air temperature. In this analysis, the upper temp erature limit was 

calculated based on each climate file. As such, the upper t emperature limit increases 

as the climate warms and the number of overheated hours is lower than if the upper 

temperature limit would have been held constant throughout (based on the CWEC 

file). Further scope could focus on developing a consistent approach  and metrics 

arou nd overheating design limits.  

Ą The sensitivity analysis around internal heat gains suggests that higher than expected 

internal gains can have a significant impact  on overheating. Further investigation may 

be warranted to validate current m odelling standard  practice and/or designers need 

to be aware of projects that are likely to have higher occupant loads or other internal 

gains and accommodate those in the modelli ng.  

Ą There is currently no standard available for modelling of natural ventil ation. For 

consis tency within the industry, further scope is recommended to focus on 

developing a guideline for modelling of natural ventilation as overheating studies 

becomes mor e common.  

 

0.3  Key Findings ð Archetype Modeling  

0.3.1  Low Rise New Building  

Ą The Step 4 low rise baselin e archetype performs better from a thermal comfort 

perspective than the Step 3 low rise archetype.   

Ą Both Step 3 and Step 4 baseline archetypes are vulnerable to overheating under the 

2050s scenario. This suggests that some delib erate design strategies bey ond simply 

meeting the current BC ESC metrics are required to address future thermal comfort.  

Ą Reduced Window to Wall Ratio and glazing with a reduced Solar Heat Gain Coefficient 

are two essentially zero incremental cost design m easures with a beneficial i mpact on 

reducing the risk of overheating.  

Ą For the Step 4 archetype, all modelled passive and combined (passive and active) 

bundles meet the thermal comfort crit eria based on the RCP -8.5 2050s climate, 



 

 

Page 6 RDH Building Science Inc.  21007.000  

 

though only the bundles in cluding partial or full mec hanical cooling meet the thermal 

comfort criteria for the Step 3 archetype.  

Ą For both the Step 3 and Step 4 archetypes, adding partial or full mechanical cooling is 

shown to increase the annual energy cost (due to an increase in electricity 

consumption). H owever, both solutions show that all overheated hours can be 

eliminated when modelled under the RCP -8.5 2050s climate scenario, without 

increasing the GHG emissio ns. The increase in utility cost is due to the baseline 

assumption of district heating, which is currently less than half the cost of grid 

electricity. If the baseline heating system had been, for example, electric baseboards, 

considerable annual energy co st savings would have been realized in the bundles.  

Ą The results fo r both Step 3 and Step 4 ar chetypes indicate that upgrading the 

ventilation system to include a high efficiency HRV that can operate in boost and 

bypass mode as needed, plus a cooling coil downstream of the HRV, meets the 

thermal comfort criteria based on the 2050s climate file. Thi s suggests that full 

mechanical cooling is not required for this archetype in the RCP -8.5 2050s climate, 

provided we accept the 200 -hr 80% acceptability limit.   

Ą The addition of passive measures to the mechanically cooled bundles  is shown to 

reduce the coo ling energy consumption and peak cooling demand. The addition of 

passive cooling measures can also result in lower energy costs due to lower cooling 

energy use, a nd may allow for reduced cooling equipment size as a result of 

decr eased peak cooling loads.     

Ą The peak cooling demand and CEDI are both lower for the fully mechanically cooled 

Step 4 archetype compared to Step 3, demonstrating the benefit of a high 

perf ormance enclosure toward reducing mechanical cooling equipment size , cooling 

energy demand and  associated operating costs.  

Ą A high performing enclosure also increases the likelihood that an emerging 

technology like combined heat recovery ventilator heat pu mps can satisfy heating, 

cooling and ventilation system needs in a single piece of equipment.  

Ą It should be noted that the low incremental cost for full mechanical cooling results 

from the baseline system assumption, which for UBC is hydronic radiant heati ng with 

code minimum HRVs. A different type of baseline system woul d result in a 

considerably higher incremental cost to change to full mechanical cooling.  An 

additional analysis was completed to understand the cost associated with this 

measure for a low r ise new building with a more common baseline heating system. 

The ar chetype in the additional a nalysis is heated via electric baseboards, while all 

other characteristics are unchanged. The results of the additional analysis are 

provided in Appendix D.  

Summary graphics of the Step 3 and Step 4 low rise archetype results are  shown below.  
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Figure 0.1 Incremental cost ($/m²) for the Step 3 bundles shown together with the number 

of overheated hours based on RCP -8.5 2050s climate fil e. The error bars show the high 

and low incremental bundle cost.  

 

 

Figure 0.2 Incremental cost ($/m²) for the Step 4 bundles shown together with the number 

of overheated hours based on RCP -8.5 2050s climate file. The error b ars show the high 

and low incremental bundle cost.  
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Figure 0.3 Annual energy cost ($/m²) for the Step 3 baseline and bundles.  

 

 

Figure 0.4 Annual energy cost ($/m²) for the Step 4 baseline and bundles.  

 

TABLE 0.1 ENERGY COST SAVINGS COMPARED TO THE BASELINE (STEP 3)  

 Bundle 1  Bundle 2  Bundle 3  Bundle 4  

Energy Cost Savings (%)  0% 0% -5% -19% 

    

TABLE 0.2 ENERGY COST SAVINGS COMPARED TO THE BASELINE (STEP 4) 

 Bundle 1  Bundle 2  Bundle 3  Bundle 4  

Energy Cost Savings (%)  0% 0% -4% -16 % 

 

 

 

 

 

 

 

0

4

8

12

Baseline Bundle 1 Bundle 2 Bundle 3 Bundle 4

A
n
n
u
a

l 
E

n
e

rg
y

 
C

o
s
t
 (
$

/
m

2
)

Low Rise - Step 3

0

4

8

12

Baseline Bundle 1 Bundle 2 Bundle 3 Bundle 4

A
n
n
u
a

l 
E

n
e

rg
y

 
C

o
s
t
 (
$

/
m

2
)

Low Rise - Step 4



 

21007.000  RDH Building Science Inc.  Page 9 

 

0.3.2  High Rise Ne w Building  

Ą Reduced Window to Wall Ratio and glazing with a reduced Solar Heat Gain Coefficient 

are two essentially zero incremental cost design measures with a co nsiderable impact 

on annual cooling energy demand and peak cooling load.  However, both strate gies 

may re duce winter solar gains and increase thermal energy demand, and as such, 

each strategy must be evaluated within the context of a specific project and i ts other 

performance metrics.   

Ą Since there is currently no target established in the BC ESC f or annual c ooling energy 

demand (on building level), the Passive House Institute (PHI) criteria of 15 kWh/m²a 

has been used a reference point. The results show th at neither the Step 3 or Step 4 

baselines meet this target, while all modelled bundles meet th e target.  

Ą Besides reducing the annual cooling energy consumption, the addition of passive 

cooling measures is also shown to reduce the peak cooling load and may a llow for 

smaller cooling equipment size.  

Ą The addition of passive cooling measure also reduces  the peak c ooling demand on 

the electricity grid and hence the annual energy cost.  

Ą The Step 3 and Step 4 bundles consist of the same passive cooling measures, th ough 

the Step 4 bundles achieve higher reductions in annual cooling energy demand and 

peak coo ling demand  than the Step 3 bundles. The Step 4 baseline includes a higher 

performing building enclosure. The results therefore illustrate the benefit of a higher  

performing building enclosure for mitigating peak cooling demand and managing 

comfort while a lso meeting  energy and emission reduction targets.  

Ą The peak cooling demand for the building in the Step 4 baseline case is 133 kW, 

which in itself is a 27 kW redu ction over the Step 3 baseline case. With the Step 4 

Bundle 2 (Reduced WWR, reduced SHGC and f ixed shadin g), the peak cooling demand 

is reduced to 80 kW, which represents a 40% reduction over the Step 4 baseline and a 

50% reduction over the Step 3 baseline .  

Ą The Step 4 bundles also result in a 5% decrease in total energy use (TEUI) compared to 

the Step 4 base line, due to the reduction in cooling energy consumption. The Step 3 

bundles do not result in a reduction in TEUI.   

Ą The Step 4 bundle archetypes are s hown to be favourable compared to the Step 3 

bundle archetypes in terms of energy performance,  demand on electricity grid, GHG 

emissions, energy cost, and equipment size.   

Summary graphics of the Step 3 and Step 4 high rise archetype results are shown bel ow.  
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Figure 0.5 Incremental cost ($/m²) for the Step 3 high rise bundles shown together wit h 

the numbe r of overheated hours based on RCP -8.5 2050s climate file. The error bars show 

the high and low incremental bundle cost.  
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Figure 0.6 Incremental cos t ($/m²) for the Step 4 high rise bundles shown together with 

the number of overheated hours b ased on RCP-8.5 2050s climate file. The error bars show 

the high and low incremental bundle cost.  

 

 

 

Figure 0.7 Annual energy cost ($/m²) for the Step 3 high ris e baseline and bundles  
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Figure 0.8 Annual energy cost ($/m²) for the Step 4 high rise baseli ne and bundles  
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0.3.3  Low Rise Existing Building  

Ą Given the typically poor performance of windows in this building type, any 

passive measures that reduce direct solar heat gain will lead to a significant 

red uction of overheated hours. If resources are limited, such efforts could focus 

on the south and west facing elevations where the solar heat gains are most 

impactful.  

Ą The most cost -effective (in terms of incremental capital cost) strategy to  reduce 

the num ber of overheated hours below the 200 -hour threshold is to upgrade to 

higher pe rformance windows with a low SHGC and to install exterior operable 

shading (Bundle 2). Besides improving the thermal comfort and resiliency of the 

building, this upgrade also re sults in a decrease in space heating demand, and 

therefore a reduction of the o verall energy use, annual energy cost and GHG 

emissions compared to the baseline.  

Ą Even greater energy and energy cost savings as well as thermal comfort 

improvem ents can be rea ched by also improving the enclosure (Bundle 4), which 

is recommended for inclu sion when an enclosure renewal is already planned.  

Ą The cost of installing a high efficiency HRV with bypass and a cooling coil 

downstream of the HRV, or adding f ull mechanical cooling via a ductless air 

source heat pump, is roughly comparable. However, ai r source heat pumps 

provide heating and cooling by recirculating air but do not provide any 

ventilation. The co -benefit to installing HRVs in existing buildings i s that it 

provi des filtered outdoor air, which can be desirable during a poor air quality 

event, or in response to noise or safety concerns, when occupants want to keep 

windows closed.  

Ą Combined in -suite HRV heat pumps are a promising emerging technology f or this 

buildin g type, especially for condominium buildings that have individual suite 

meterin g and ownership. The performance would be analogous to the modeled 

HRV + cooling coil, but would allow building owners to address heating, cooling 

and ventilation  via a single p iece of equipment. Passive upgrades may also be 

required to increase the likeli hood that the equipment could meet the heating and 

cooling demand.  

Ą Installing a high efficiency HRV with bypass and a cooling coil downstream of the 

HRV may resul t in a small in crease in annual energy cost and total energy use of 

the building, due to the a ddition of cooling energy and additional fan power. If 

the goal is to achieve the 200 -hour threshold and  reduce energy demand, then 

the installation of this syste m is recommended to be bundled with design 

strategies such as enclosure upgrades to achieve en ergy, GHG emissions, and 

energy cost savings (as well as improved thermal comfort and resilience).   

Ą If mechanical cooling is installed in an existing building wi th high SHGC glazing, 

it is recommended to add exterior shading and/or upgrade the windows to limit 

excessive cooling energy demand and peak cooling loads.  

Summary graphics of the low rise existing archetype results are shown below.  
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Figure 0.9 Increment al cost ($/m²) for the bundles shown together with the number of 

overheated hours based on RCP -8.5 2050s climate file. The error bars show the high and 

low incremental bundle cost.  

 

 

Figure 0.10 Annual energy cost ($/m²) for the baseline and b undles.  
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0.3.4  High Rise Existing Building  

Ą The high rise existing archetype baseline performs the worst of all the archetypes 

fro m an overheating perspective, due to the combined effect of high solar gains 

through poor perf orming glazing and high window to wall ratio; high occupant 

density, and lack of mechanical ventilation and cooling.  

Ą Any passive measures that reduc e solar heat g ain will significantly improve comfort 

performance with this archetype and should be encourage d at every opportunity (e.g. 

at time of window replacement). It may not be appropriate to apply the 80% 

acceptability limit to this existing buildin g type or to n ot do so without sufficient 

financial support to facilitate the changes required.  

Ą Only two bun dles meet the 200 -hour threshold based on the RCP -8.5 2050s climate. 

Of the two bundles, full mechanical cooling + operable shading is the most cost -

effective str ategy in terms of incremental capital cost and annual energy cost, 

although it does not addres s ventilation.  

Ą Besides improving the archetypeõs resilience to increasing outdoor air temperatures, 

installing air source heat pumps for heating an d cooling also  reduces the total energy 

use of the building (due to the higher equipment efficiency).  

Ą The o ther bundle that meets the 200 -hour threshold based on the RCP -8.5 2050s 

climate consists of a window upgrade (with reduced SHGC), wall upgrade, fix ed 

exterior sh ading and installation of HRVs that allows for bypass and boost as needed, 

and a cooling coil downstream of the HRV. Even though this bundle is more costly it 

should be considered if an enclosure renewal is already being considered and if 

pro viding mechani cal ventilation is a priority.  

Ą Combined in -suite HRV heat pumps are a promising emerging tech nology for this 

building type, especially for condominium buildings that have individual suite 

metering and ownership. The performance would be anal ogous to the m odeled HRV + 

cooling coil, but would allow building owners to address heating, cooling and 

ventilation via a single piece of equipment.  

Summary graphics of the high rise existing archetype results are shown below.  
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Figure 0.11 Incremental cost ($/m²) for  the bundles shown together with the number of 

overheated hours based on RCP -8.5 2050s climate  file. The error bars show the high and 

low incremental bundle cost.  

 

 

Figure 0.12 Annual energy cost ($/m²) for the baseline and bundles.  

 

TABLE 0.6 ENERGY COST SAVINGS COMPARED TO BASELINE  
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0.4  Key Findi ngs ð Sensitivity Analysis  

Sensitivity analysis was performed to test modelling assumptions that are known to have 

considerable potential impact on results, and t o test our best performing bundles against 

external climate related events. The ideal solution s not only provide adequate  thermal 

comfort in a cost -effective, energy - and emissions -efficient manner, but they are also 

resilient to disruptive events such as wildfires and power outages.  

0.4.1  Internal Heat Gains  

A sensitivity analysis was carried out base d on the new building low r ise baseline and 

Bundle 1 (reduced WWR, exterior fixed shading and reduced SHGC), which meets the 80% 

acceptability limit based on the RCP-8.5 2050s climate file.  

Figure 0.13 shows the number of overheated hours for the warmest suite for the low and 

high IHG scenario, along with the baseline assumption (NECB 2011).  

 

 

Figure 0.13 Sensitivity analysis of internal heat gains based on new building low rise 

archetype and Bundle 1, modelled with the RCP -8.5 2050s climate file.  

The r esults suggest that if the IHGs were to be higher than predicted when designing 

Bundle 1, the number of overheated hours would exceed the 200 hour limit in the RC P-8.5 

2050s scenario. In this scenario, the number of overheated hours roughly doubles over 

th e NECB 2011 baseline. This suggests that both the baseline and Bundle 1 are quite 

sensitive to high IGHs (e.g. a densely occupied suite).  

0.4.2  Natural Ventilation  

In this study the modelled natural ventilation is based on the assumption that occupants 

open th eir windows as needed for o ptimized thermal comfort, though occupants may not 

open their windows due to reasons such as poor air quality, bugs, noise, or safety 

reasons. Part of the rationale for this sensitivity analysis is to test CAMM bundles for their 

resilience against air qual ity events such as wildfires.  

Two bundles were analyzed for the low rise new building:  

Ą Bundle 1: reduced WWR, exterior fixed shading and reduced SHGC  
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Ą Bundle 3: high efficiency HRV with cooling coil and boost as needed, and oper able 

shading.  

Recall that Bundle 1 has a minimum efficiency HRV (per the baseline) with no mechanical 

cooling.  

Figure 0.14 shows the modelled operative temperatu re for the Step 3 (baseline) low rise 

new building baseline and the two bundles in the event o f no natural ventilation (i .e. 

windows are kept closed), based on the RCP -8.5 2050s climate file. The interior 

temperatures are shown for a summer week, together with the outdoor dry -bulb (2050s) 

for the same period.  

   

Figure 0.14 Modelled operative tem perature for low rise new b uilding Step 3 baseline, 

bundle 1 and bundle 3 in the event of no natural ventilation, based on the RCP -8.5 2050s 

climate file. The ind oor temperatures are shown together with dry -bulb outdoor 

temperature for a summer week. The r ed dashed line illustrates the 80% acceptability 

limit.  

As shown in the figure, both the baseline and Bundle 1 exceed the 80% acceptability limit 

for the whole w eek. However, Bundle 3 successfully keeps the operative temperature 

below the acceptability li mit, and therefore shows hi gher resilience against wildfire smoke 

events and other events that may influence occupants to keep windows closed. This is 

primarily d ue to the addition of a cooling coil to the heat recovery ventilation system. Heat 

recovery ve ntilation systems also typi cally have filters that provide additional resilience 

against air quality related events.  

0.4.3  Power Outage  

A sensitivity analysis was carri ed out to further understand how a mechanically cooled 

archetype may perform in the event of a  power outage. The sensitivity analysis was based 

on the Step 4 high rise new building baseline and Bundle 2 (operable shading and  reduced 

SHGC) ð in other words,  one scenario with no additional cooling -focused passive measures 

and one with cooling focused  passive measures.  

Figure 0.15 shows the modelled operative temperature for the Step 4 baseline and Bundle 

2 during normal operat ion, and for a power outage even t during a summer week (i.e. no 

cooling, plug loads, ventilation, etc.).  
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Figure 0.15 Mod elled operative temperature for the Step 4 high rise new building baseline 

and Bundle 2, during normal operation and during a powe r outage event for a summer 

week. 

As shown in the figure, the passive measures make a substantial difference to the thermal 

comfort in the event of a power outage, demonstrating the additional resiliency benefit of 

incorporating cooling focused passive mea sures into a building with full mechanical 

cooling.  

0.3.4 RCP-8.5 2080s  

A sensitivity analysis was carried out to further unde rstand how new building archetypes 

that are designed to meet the thermal comfort criteria based on the RCP -2050s climate 

condition s would perform later in the cen tury, or if the RCP -8.5 2080s climate conditions 

were to occur earlier than predicted. This se nsitivity analysis can also be seen as a 2050s 

ôhot summerõ stress test of the archetypes.  

For the low rise new building, the bas eline, Step 3 and Step 4 passive  bundles were 

modelled with the RCP -8.5 2080s climate as follows:  

Ą Bundle 1 ð Step 3: Reduced window to wall ratio + Reduced SHGC + Fixed shading  

Ą Bundle 2 ð Step 3: Reduced SHGC + Operable shading  

Ą Bundle 1 ð Step 4: Reduced  window to wall ratio + Fixed sh ading  

Ą Bundle 2 ð Step 4: Operable shading  

Figure 0.16 shows the number of overheated hours fo r the warmest zone based on the 

RCP-8.5 2020s, 2050s, and 2080s climate file. As shown, the risk of overheating 

increases signific antly for both the Step 3 and St ep 4 baseline archetypes, illustrating the 

need for design strategies beyond simply meeting th e current BC ESC metrics to address 

future thermal comfort.  
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Figure 0.16 Number of overheated hours for the warmest zone, modell ed with the RCP -8.5 

2020s, 2050s , and 2080s climate files. The red dashed line illustrates the 200 hour 

threshold, and the ora nge dashed line illustrates the 20 hour threshold for vulnerable 

populations.  

The passive bundles show a significant reduction in  the risk of overheating for the  RCP-

8.5 2080s climate file, although the only bundle that meets the 200 -hour limit is the Ste p 

4 archetype with operable shading. These results demonstrate the benefit of a higher 

performing enclosure . 

For the high rise new  building both bundles were mode lled for the Step 3 and 4 

archetype. Recall that the high rise new building includes mechanica l cooling in the 

baseline and that the Step 4 baseline includes a higher performing wall assembly than the 

Step 3 archetype.  

Ą Bundle 1 ð Step 3 and 4: Reduced win dow to wall ratio + Reduced SHGC + Fixed 

shading  

Ą Bundle 2 ð Step 3 and 4: Reduced SHGC + Opera ble shading  

Figure 0.17 shows the CEDI at the building level for the Step 3 and Step 4 high rise new 

building and bundles, modell ed with the RCP -8.5 2020s, 2050s  and 2080s climate file. 

The red dashed line illustrates the PHI cooling energy demand limit o f 15 kWh/m²a.  
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Figure 0.17 Cooling energy demand intensity (CEDI) for new high rise at building level, 

modelled with the RCP-8.5 2020s. 2050s, and 2080s climat e files. The red dashed line 

illustrates the PHI limit of 15 kWh/m²a.  

As shown, all bundles ex ceed the PHI limit based on the RCP -8.5 2080s climate file. As 

seen for the low rise new building, the Step 4 bundles perfor m better than the Step 3 

ones, again d emonstrating the benefit of a higher performing enclosure towards reducing 

cooling energy use.   
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1  Introduction  

1.1  Context  

The University of British Columbia (UBC), the Province of BC, and s everal  jurisdictions in 

Metro Vancouver are leading the way toward  high performance buildings with recent steps 

to implement the BC Energy Step Code and develop r elated green building strategies. 

These organizations are committed to improving the energy performance and reducing 

GHG emissions of residential buildings while meeting the housing needs of the growing 

population in Metro Vancouver  and beyond . 

As part of the transformation to high performance buildings, the project partners 

understand the importance of addressing future climat e conditions and developing 

policies a nd standards that will ensure new buildings are  adapted to the uncertain futures 

posed by clim ate change.  A chief concern is rising outdoor temperatures, potentially 

leading to overheating  risks . The project partners also recognize the significant 

contribu tion that existing buildings make to a communityõs energy and greenhouse gas 

emissions, as wel l as the significant number of people who are living in existing building s 

that will still be operating under future climate  conditions.  

A combination of passive and active building cooling strategies is likely required to 

maintain thermal comfort under a  changing climate, while energy requirements for space 

heating are expected to decline in the Metro Vancouver region. This shifting climate will 

require new desig n and adaptation measures to maintain thermal comfort, and will impact 

energy consumption, pea k demand, and Greenhouse Gas (GHG) emission trends.  

Identifying measures that enable  adaptation without increasing energy consumption, 

operating costs, or GHG emi ssions is a desired outcome . 

1.2  Objectives  

The primary objective of this study is to assess the i mplications of increasing outdoor air 

temperatures due to climate change on the ther mal comfort of multifamily residential 

buildings in the Lower Mainland, and to  identify cost -effective design measures that will 

maintain thermal comfort under future clima te conditions.  

A variety of climate adaptation and mitigation measures (CAMMs) suit able for both new 

and existing, high and low rise multifamily residential buil dings are explored using future 

climate projections. Ideally, solutions are identified that im prove thermal comfort without 

sacrificing parallel societal objectives to reduce ene rgy consumption and greenhouse gas 

emissions. It is also desirable that identi fied solutions improve the resiliency of buildings 

to maintain comfort during increasingly com mon extreme weather events such as 

unusually high temperatures, wildfire -induced poo r air quality, or power outages.  

The results of this study will support develo pment of design guidelines, policies and 

standards that ensure new building provide residents with thermally comfortable 

environments, as well as programs that improve the therma l comfort of existing 

residential buildings. This study will also guide best p ractises for incorporating 

projections of warmer future climate conditions into building energ y modelling and 

design.  
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2  Methodology  

The methodology is summarized for the following tasks:  

Ą Define Archetypes  

Ą Assess Future Climate Impacts  

Ą Identify and Ass ess Climate Adaptation and Mitigation Measures  

Ą Complete Costing and Financial Analysis  

Ą Develop Recommendations for Methods and Standards  

The methodology  is described in further detail below.  

2.1  Archetypes  

This study evaluated  four primary archetypes, rep resentative of the development 

typologies in UBCõs residential neighbourhoods and across the L ower Mainland :  

1.  New Building: Low Rise ð 6-storey  

2.  New Building: High Rise ð 22 -storey  

3.  Existing Building: Low Rise ð 4-storey  

4.  Existing Building: High Rise ð 13 -storey  

The new building models were based on models used  in the previous UBC Residential 

Arch etype study
4

 carried out by RDH. The low rise and high rise baseline archetypes were 

set up to meet Step 3 and Step 2 of BC Energy Step Code (BC ESC) , respectivel y.  

The existing building models were  developed by adapti ng the new building models to the 

siz e, assemblies, and systems typical of construction from the 1980s and 1990s. The 

characteristics for the existing archetypes are based on previous existing buildi ng studies 

carried out by RDH, including the Low -Rise MURB Energy Study
5

, and the City of Vanc ouver 

80% GHG reduction study
6

, both of which included market analysis to develop archetype 

energy models characteristic of existing buildings in the Lower Mainla nd.  

The four baseline archetypes were modelled using the  climate file currently used for 

buil ding code compliance (Canadian Weather for Energy Calculations, CWEC, released in 

2016)
7

. Energy modelling was completed using  the simulation program OpenStudio 

v.2.7.0, an interface for EnergyPlus  (v.9.1.0). This is an open source program that is free 

of charge.  

Key characteristics of the baseline archetypes are summarized in the following sections. A 

detailed summary of the energy model inputs for each archetype  is provided in Appendix  

A.  

 

4

 UBC Modelling Study: Residential Archetypes; repo rt prepared for UBC Campus and Community Planning by RDH, 

December 2017.  

5

 Energy Consumption in Low -Rise Multi family Residential Buildings in British Columbia; report prepared for BC 

Housing by RDH, May 2017. Available online: https://www.bchousing.org/publications/Low -Rise-Energy-Study .pdf  

6

 Exploring Options for 80% GHG Reductions  in Downtown Buildings; report prepared for City of Vancouver by RDH, 

March 2017.  

7

 City of Va ncouver Energy Modelling Guidelines Version 2.0, July 11, 2018  

https://www.bchousing.org/publications/Low-Rise-Energy-Study.pdf
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2.1.1  New Building Low Rise  

The low rise new building  archetype is a 6 -storey wood frame multi -unit residential 

building with a 2-level below -grade parkade. The  baseline  archetype has hydronic in -floor 

radiant heating and no mechani cal cooling.  

 

This archetype was a dapted from the  low rise model used in the  UBC Residential 

Archetype study , in which suite  ventilation air was supplied via corridor pressurization 

make -up air unit  and operable window s. As this does not  represent current  practice, the 

system  was updated to minimum efficiency  in -suite heat recovery ventilator unit s with 

corridor make -up air for pressurization . This change resulted  in the baseline model  

meeting  Step 3 of the BC ESC.    

The new building low rise baseline is heated via in -floor hydronic heating with district 

energy connection (no cooling). The system choice aligns with typical new construction at 

the UBC given their district energy syste m;  however,  this system type is less  common in 

other areas of the Lower Ma inland. An additional analysis was therefore completed to 

understand the impact and cost assoc iated with the CAMM  bundles for a low rise new 

building  with electric baseboards as the baseline heating system.  The results  of the 

additional analysis  are provid ed in Appendix D.  

Table 2.1 summarizes the key characteristics  for t he low rise new building baseline . 

Additional model inputs are provided in Appendix A.  

TABLE 2.1 LOW RISE NEW BUILDING BASELINE ARCHETYPE DESCRIPTION 

Floor Area  4,700 m² ( approx. 51,000 ft²)  

Number of stor ies  6  

Enclosure  

Wood frame with batt insulation  (Reffð15.6) . Double 

glazed windows in non -metal frames  (USI-1.8 [U-0.31 ], 

SHGC-0.36) , 40% window to wall ratio .  

HVAC 

In-floor hydronic radiant heating  with district energy 

connection provid es heat to th e suites . Tempered 

outdoor air pressurizes the corridors. Outdoor air is 

provided via m inimum efficiency  (60%) in -suite HRV 

units with no by-pass. No mechanical c ooling.  

DHW District energy connection
8

  

 

2.1.2  New Building High Rise  

The high rise new buildin g archetype is a  22 -storey multi -unit residential building with 

sixteen 2 -storey townhouses built o ver a 2-level below -grade parkade. The baseline 

archetype has hydronic fan coil units providing heating and cooling to the suites and 

corridors , with  minimum  efficiency  in -suite HRVs providing ventilation . 

 

 

8

 District energy for domestic hot water is a possible system choice for UBC and other regions that  have district 

energy, although central gas -fired boilers or in -suite electric hot water heate rs are likely more prevalent across the 

Metro region. The distric t DHW option was used  across all archetypes for simplicity. Other system choices would 

possibly i mpact the total energy consumption and GHG I but because none of the CAMMS modify the domestic hot 

water system, these choices would not alter the relative anal ysis in a meaningful way.  
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Table 2.2 summarizes key characteristics  for the high rise new building baseline . 

Addit ional model inputs are provided in Appendix A.  

TABLE 2.2  HIGH RISE NEW BUILDING BASELINE ARCHETYPE DESCRIPTION 

Floor Area  26,500 m
2

 (approx. 285,000 ft
2

) 

Number of stories  
Tower: 22  

Townhouse: 2  

Enclosure  

Concrete construction  (Reff-3). Double glazed windows 

in aluminum frames  (USI-2.6 [ U-0.46 ], SHGC-0.36). 

Tower:  55% window to wall ratio, townhouse : 30% 

window to wall ratio.  

HVAC 

Hydronic f an coil units provid e heating ( district energy 

connection ) and c ooling (chiller) to suites and 

corridors. Outdoor air is provided via m inimum 

efficiency (60%) in -suite HRV units with no by -pass,  

with  tempered corr idor make -up air.  

DHW District energy connection
9

 

2.1.3  Existing Building Low Rise  

The low rise existing build ing archetype is a 4 -storey  multi -unit residential  building with 

2-level underground parkade, and with assemblies and systems typical of the 1980s to 

1990s. The proposed archetype characteristics are based on a previous existing building 

study carried out by RDH
10

.  

Table 2.3 summarizes key characteristics for the low rise e xisting building baseline . 

Additional model inputs are provided in Appendix A.   

TABLE 2.3 LOW RISE EXISTING BUILDING BASELINE ARCHETYPE DESCRIPTION 

Vintage  Typical 1980s -90s  

Floor Area  3,100 m
2

 (approx. 33, 700 ft
2

) 

Number of stories  4 

Enclosure  

Wood frame with batt insulation  (Reff-11) . Double glazed 

windows in non -thermally broken aluminum frames ( USI-3.5 

[U-0.62 ], SHGC-0.66). 30% window to wall ratio.  

HVAC 

Electric baseboards provid e heat to the suites  and corridors. 

Outdoor air is supplied via c orridor make -up ai r and 

ope rable  windows , with  occupant -controlled bathroom and 

kitchen exhaust fans in suites. There  is n o mechanic al 

cooling .  

DHW District energy connection
11

  

 

9

 District energy for domestic hot water is a possible system choice fo r UBC and other regions that have district 

energy, although central gas -fired boilers or in -suite electric hot water heaters are likely more prevalent across t he 

Metro region. The district DHW option was used  across all archetypes for simplicity. Other sys tem choices would 

possibly impact the total energy consumption and GHG I but because none of th e CAMMS modify the domestic hot 

water system, these choices would  not alter the relative analysis in a meaningful way.  
10

 Phase II Strata Energy Study report prepa red for City of Vancouver by RDH, September  2017  

11

 District energy for domestic hot water is a  possible system choice for UBC and other regions that have distr ict 

energy, although central gas -fired boilers or in -suite electric hot water heaters are likely more prevalent across the 

Metro region. The district DHW option was used  across all archetypes  for simplicity. Other system choices would 
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2.1.4  Existing Building High Rise  

The high rise existing building is a 13 -storey multi -unit high rise residential building 

constructed in the 1980s to 1990s. The proposed archetype characteristics a re based on a 

previous existing building study carried out by RDH
12

.  

Table 2.4 summarizes key characteristics for the high rise existing building baseline . 

Additional model inputs are  provided in Appendix A.  

TABLE 2.4 HIGH RISE EXISTING BUILDING BASELINE ARCHETYPE DESCRIPTION 

Vintage  Typical 1980s -90s  

Floor Area  16,656 m² (approx. 179,200 ft²)  

Number of stories  
Tower: 13  

Townhouse: 2  

Enclosure  
Steel stud walls with uninsulated slab  edges  (Reff-3). Double 

glazed windows in non -thermally broken aluminum frames 

(USI-3.5 [ U-0.6 2], SHGC-0.66).  60% window to wall ratio.  

HVAC 

Electric baseboards provid e heat to the suites and corridors. 

Outdoor air is supplied via corridor make -up air an d operable 

windows, with occupant -controlled bathroom and kitchen 

exhaust fans in suites. Ther e is no mechanical cooling.  

DHW District energy connection
11

  

 

 

2.2  Future Cli mate Impacts  

To assess future climate impacts , the archetypes were  modelled using futu re climate files 

specific to UBC, provided by the Pacific Climate Impact Consortium (PCIC). Th e future 

climate files are based on the  Intergovernmental Panel on Climate Change  (IPCC) 

Representative Concentration Pathway ( RCP) 8.5 scenario
13

 for 2020s, 2050s , and 2080s. 

The RCP-8.5 pathway  represents the ôbusiness as usualõ greenhouse gas concentration 

scenario  (i.e. the projected future climate if we take no committed action to reducing 

carbon emissions ). And if significant action is taken to address climate  change, following 

RCP-8.5 as the baseline extends the timeframe for climate change resiliency  of the 

building (e.g. the building would be adapted up to a 2100 timeframe).  

The intent of this step is to understand how the baseline archetypes can be expecte d to 

perform in the future if we make no interventions during design or renewal to address 

the rmal comfort. This then creates a comparison point against which to test potential 

climate adaptation and mitigation measures.   

The ther mal comfort, energy, and emission metrics are described in further detail below .  

 

possibly impact the t otal energy consumption and GHG I but because none of the CAMMS modify the domestic hot 

water syst em, these choices would not alter the relative analysis in a meaningful way.  
12

 Exploring Optio ns for 80% GHG Reductions in Downtown Buildings; report prepared for City of Vancouver by RDH, 

March 2017.  

13

 https://ar5 -syr.ipcc.ch/ipcc/ipcc/resources/pdf/IPCC_Synthe sisReport.pdf  

https://ar5-syr.ipcc.ch/ipcc/ipcc/resources/pdf/IPCC_SynthesisReport.pdf
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2.2.1  Thermal Comfort Metrics  

There is not  currently an established  threshold for ôacceptableõ thermal comfort in a 

changing climate , although several standards  and guidelines poi nt toward this metric  for  

at least our current climate , including the following:  

Ą The City of Vancouver Energy Modelling  Guideline (v2.0), referenced by the BC ESC, 

requires that the interior dry -bulb temperature of occupied space do es not exceed the 

80% acceptability limit, as out lined in ASHRAE 55 -2010 Section 5.3, for more than 200 

hours per year for any thermal zone. Th e City of Vancouver Energy Modelling 

Guideline (v2.0) also defines a maximum threshold for òvulnerable groupsó of 20 

hours exceeding the 80% acceptability limit . These limit s only appl y to spaces that are 

naturally ventilated, without mechanical cooling.  

Ą Citing numerous national and international heat -related health studies, Toronto Public 

Health recommends that a maximum indoor temperatur e standard of 26 ° C for m ulti -

family rental buildings be considered to reduce premature mortality and emergency 

medical  service calls associated with extreme heat events.
 14

   

Ą The Chartered Institution of Building Services Engineers ( CIBSE) sets similar abs olute 

operative temperatu re limits depending on the space type (for example, bedrooms 

cannot exceed 26 °C for more than 1% of night -time hours)
15

. 

In this study, the number of overheated hours per year is reported. An overheated hour  is 

defined as an hour when the interior operative  temperature exceeds the upper 80% 

acceptability limit (ASHRAE 55 -2010). The threshold of 200 -hour above the 80% 

accepta bility limit defined in the City of Vancouver Energy Modelling Guideline (v.2.0) is 

used as a reference point in this study since it is the currently used standard within BC, 

although it may not prove acceptable by occupants on a consistent basis, and even  less so 

as outdoor temperatures increase over time.  

The upper 80% acceptability temperature limit (meaning that around  80%, of the 

occu pants find the space thermally acceptable) is calculated based on the monthly mean 

outdoor air  temperature
16

. Figure 2.1 shows the monthly upper temperature limit for the 

different climate files used in this study. As shown, an uppe r acceptability limit is 

applicable to more months as the  monthly mean outdoor air temperature  increases. Based 

on the CWEC 2016 file, six out of twelve months are considered to be in need of an upper 

temperature limit to ensure thermal comfort. Based on t he RCP-8.5 2020s and 2050s 

files, the number of months in creases to seven, and based on the RC P-8.5 2080s file, this 

period is nine months. Since the upper acceptability limit is determined relative to the 

outdoor air temperature, the limit increases with rising monthly mean outdoor air 

temperatures.  

 

14

 City of Toronto HL8.5: Update on Extreme Heat and Maximum Indoor Temperature Standard for Multi -Unit 

Residential Buildings. https://www.toronto.ca/leg docs/mmis/2015/ hl/bgrd/backgroundfile -85835.pdf  

15

 The Chartered Institution of Building Services Engineers (CIBCSE), TM52: The limits of thermal comfort: Avoidin g 

Overheating in European Buildings, 2013  

16

 The upper 80% acceptability temperature limit is applicable when t he monthly mean outdoor temperature is 

greater than 10 °C and less than 33.5 °C.  

https://www.toronto.ca/legdocs/mmis/2015/hl/bgrd/backgroundfile-85835.pdf
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Figure 2.1 The upper 80% acceptability temperature limit for each month following 

ASHRAE 55-2010 Section 5.3, for the CWEC 2016, RCP -8.5 2020s, 2050s and 2080s  

climate files for UBC.  

To understand the magnitude of o verheating, the modelled peak operati ve temperature 

for each iteration  and representative suites on each elevation are also reported . 

2.2.2  Energy and Emission Metrics  

In addition to evaluating the impact  of future climate on thermal comfort, the impact s on 

overall energy performance and greenhous e gas emissions related to building operation 

were evaluated
17

.  

The BC ESC performance metrics for Part 3 building s (TEDI and  TEUI), and the Vancouver 

Building By law emission metric (GHGI)  were used to assess fut ure climate impacts. 

Currently, there is no performance metric defined in the BC ESC for cooling energy. To 

allow for comparison of cooling energy demand between the different measures and 

climate scenarios , a metric for cooling energy demand was included in this analysis , 

referred to as ôcooling en ergy demand intensity õ, or CEDI, which is calculated in the same 

way as the TEDI , i.e.  the annual cooling demand for space conditioning and conditioning 

of ventil ation air  (not accounting for system efficiency) .  

Since the thermal comfort metric outlined i n BC ESC (number  of hours exceeding the 80% 

acceptability limit) only applies to non -mechanically cooled archetypes, CEDI and peak 

cooling load of the space are reported at the  zone level for the mechanically cooled 

archetypes (high rise new building), to understand the relative difference s throughout  the 

building.   

Table 2.5 summarizes  the e nergy and emission metrics included in this stud y.  

 

 

 

 

 

17

 It should be noted that buildings analyzed using energy simulati on tools such as EnergyPlus and IES -VE include 

multiple prescribed assumptions for occupancy, weather, and int ernal loads. As such they are not intended to 

predict actual energy consumption or be predictive of actual internal temperatures. Modelled tempera tures should 

therefore  be used as a metric to compare scenarios and options.   

23
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TABLE 2.5 DEFINITION OF ENERGY AND EMISSION METRICS  

Metric  Unit  Description  

TEUI, Total Energy Use 

Intensity  
kWh/m

2

a 
The annual sum of all energy used on 

site  per unit area . 

TEDI, Thermal Energy 

Demand Intensity  
kWh/m

2

a 

The annual heating energy demand for 

space conditioning and conditionin g of 

ventilation air  per unit area . Note that 

TEDI does not account for system 

efficiency.  

GHGI, Greenhouse Gas 

Intensity  
kgCO 2e/m

2

a 

Annual greenhouse gas emiss ions 

associated with the use of all energy 

utilities on site  per unit area .  

CEDI, Cooling En ergy 

Demand Intensity  
kWh/m

2

a 

The an nual cooling energy demand for 

space conditioning and conditioning of 

ventilation air  per unit area . Note that 

CEDI does not a ccount for system 

efficiency.  

Peak Cooling Load  W/m
2

 

Maximum cooling required  per unit area  

(not accounting for system efficiency ) for 

space conditioning and conditioning of 

ventilation air. This metric is analogous 

to the òCooling Loadó criteria in the 

Passive House International standard.  It 

is only reported for the archetype with 

mechanical coo ling (i.e. high rise new)  

Peak Heat ing  Demand   W/m
2

 

Maximum energy required  (accounting 

for system efficiency) to meet the peak 

heating load  for space conditioni ng and 

conditioning of ventilation air. This is a 

typical metric used by utilities to 

determin e peak demand charges, 

although here it is normalized to floor 

area to enable easier comparison 

between archetypes.  

Peak Cooling Demand  W/m
2

 

Maximum energy requi red  (accounting 

for system efficiency) to meet the peak 

cooling load fo r space conditioning an d 

conditioning of venti lation air.  This is a 

typical metric used by utilities to 

determine peak demand charges, 

although here it is normalized to floor 

area to en able comparison between 

archetypes.  

The BC ESC performance metrics are discussed throughout this report, and the targets for 

Part 3 buildings  (Climate Zone 4)  are summarized in Table 2.6 for  reference
18

.  

 

TABLE 2.6  BC ENERGY STEP CODE COMPLIANCE TARGETS FOR PART 3 BUILDINGS 

 TEDI (kWh/m
2

a) TEUI (kWh/m
2

a) 

Step 2  45  130  

Step 3  30  120  

Step 4  15  100  

 

18  

http://free.bcpublications.ca/civix/document/id/public/bcbc2018/bcbc_2018dbs10 2r2  

http://free.bcpublications.ca/civix/document/id/public/bcbc2018/bcbc_2018dbs102r2
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Table 2.7 summarizes the emission factors used  to calculate the GHGI . The emission 

factor for electricity is based on the City of Vancouver Energy Modelling Guideline v.2.0
19

. 

Two emission factors for dis trict energy were provided by UBC, one based on the current 

system and one based on the future dist rict energy system that is planned to consist of 

60% renewable energy by 2024.  

TABLE 2.7  EMISSION FACTORS*  

Fuel Type  Emission Factor (kg CO 2e/kWh)  

Electricity  0.011  

District Energy (UBC ð Current)   0.220  

District Energy (UBC  ð Future ) 0.088  

2.2.3  Climate Files  

This  section provides background on the  climate files used for th e analysis.  

Historical climate files  

For Step Code compliance modelling it is require d to use the CWEC (Canadian Weather for 

Energy Cal culations ) 2016  climate file s. The CWEC file s are provided in Typical 

Meteorological Year  (TMY) format and are specifically design for us e in energy 

simulations .  

TMY files are created by combining 12  statistical median months chosen from a 

continuous 15 -30-year period  of  historical data for  meteorological variables  such as 

temperature, wind speed,  global solar radiation, relative humidity etc . The intent of TMY 

files is to represent the typical long -term weather pattern at a specific location. Table 2.8 

summarizes the  actual  year from which historical data has been selected  for  each month 

to create the CWEC 2016 file for Vancouver (YVR Int. Airport). For this study, PCIC 

provided a CWEC file for UBC, adjus ted based on the Vancouver CWEC 2016 file.  

TABLE 2.8 REFERENCE YEAR FOR EACH MONTH FOR THE CWEC 2016 VANCOUVER FILE  

Jan Feb Mar Apr  May Jun Jul Aug  Sep Oct Nov Dec 

2011  2000  2000  2013  2003  2005  2002  2011  2003  2009  2007  2011  

This ap proach results in a file that represents the average climate at a specific location 

and does n ot include events such as cold snaps or heat waves . Currently, there is no 

requirement for code compliance to use weather files that represents warmer, or colder,  

conditions to stress test archetypes.   

Future climate files  

Future climate projections, bas ed on how the climate is changing in response to 

increasing concentrations of greenhouse gasses in the atmosphere , are based on 

global /regional  climate models. Climate models describe the physical processes and 

interactions between the atmosphere, ocean, c ryosphere (ice and snow), and land surface 

based o n general principles of fluid dynamics and thermodynamics.  

 

19

 City of Vancouver Energy Modelling Guideline v.2. Available online: https://guidelines.vancouver.ca/E006.pdf  

https://guidelines.vancouver.ca/E006.pdf
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In 2014 , the Intergovernmental Panel on Climate Chan ge (IPCC) finalized the fifth 

Assessment Report (AR5) which includes four greenhouse gas conce ntration pathways , 

called Representative Concentra tion Pathways (RCPs)
20

. These concentration pathways 

describe possible climate futures depending on different lev els of greenhouse gas 

radiative forcings . In AR5, political and socio -economic scenarios are t hen attributed to 

the respective RCP values.   

In t his study, the simulations assume  the RCP-8.5 emission scenario. The RCP -8.5 

scenario  is commonly referred to as  the ôbusiness as usualõ scenario, i.e. the projected 

future climate if we take no committed a ction to reduc e carbon emissions. Even if 

significant action is taken to address climate change, following RCP -8.5 as the baseline 

extends the timeframe for clima te change resiliency of the building . 

The interest in creating future climate files for buildi ng  performance  simulation has 

increased in recent years  and a  number of methods have been developed to create hourly 

weather files th at take climate change into a ccount.  The future climate files used in this 

study are based on a methodology referred to as morphing . The c oncept behind 

morphing is to generate weather files that account for climate change by adjusting 

historical observations with results from simulati ons made with global and/or regional 

climate models. A key benefit of this method is that it a llows for spati al and temporal 

downscaling by using site -specific weather data , so that future projections can be 

generated while preserving the characteristics o f the weather for the specific location
21

. 

It should be noted that the future climate files are  built off the CWEC 2016 file , which are 

themselves built based on historical averages and designed to captures typical (median) 

weather conditions, and thus do n ot include extreme weather events. It is likely that 

extreme weather events will become more c ommon in the fu ture as a results o f climate 

change. Designing buildings based on typical conditions could lead to future vulnerability  

as extreme events have grea ter leverage over the impact of building operation . As such, 

while the future climate files ar e a useful tool  for comparing a range of future 

possibilities, they are not a definitive projection of future climate. To allow designers and 

engineers to stress test building performance and adapt building design for atypical 

conditions further research i s recommended t o focus on creating weather files that 

represent hotter than average conditions  or  includ e the effects of  extreme events .  

The future climate files  used in this study were developed by PCIC, based on the 

Vancouver YVR Int. Airport CWEC 2016 file. Files wer e developed for three future time 

periods: centred on 2020s, 2050s and 2080s (i.e., 2011 -2040, 2041 -2070, 2071 -2100). 

While the climate models gene rate predictions for multiple meteorological variables, the 

files in this study adjusted sensi ble temperature  only, and left all other variables 

unchanged. This could be a limiting assumption, as the wet -bulb temperatures may also 

have an effect on mechani cal cooling systems and the apparent comfort metrics 

associated with occupant overheating.  

Comparison of hist orical and future climate files for UBC  

Figure 2.2 shows the monthly average, minimum and maximum dry -bulb temperature fo r 

each climate file used in this study . As the figure shows , the 2080s temperature s are 

 

20

 https://ar5 -syr.ipcc.ch/ipcc/ipcc/resources/pdf/IPCC_SynthesisReport.pdf  

21

 Ek, M., Mur dock, T., Sobie, S., Cavka, B., Coughlin, B., Wells, R., Future weather files to support climate resilient 

building design in Vancouver, 1
st

 International Confere nce on New Horizons in Green Civil Engineering (NHICE -01), 

2018  

https://ar5-syr.ipcc.ch/ipcc/ipcc/resources/pdf/IPCC_SynthesisReport.pdf
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higher  during the winter and spring months compared to the 2050s file, though the 

summer maximum temperature is not significantly higher.   

  

 

Figure 2.2 Monthly a verage, maximum, and minimum dry -bulb temperature ( °C) for CWEC 

2016 and RCP -8.5 2020s, 2050s, and 2080s climate files for UBC .   

Figure 2.3 shows the cooling degree days (CDD) and heating  degree days (HDD) for each 

file.  Degree days  is a measurement t hat  quantifies the demand need ed for heating and 

cooling. The metric represents the number of degrees that a dayõs average temperature is 

below, or above 18 °C, which is assumed be the temperat ure below and above which the 

building needs to be heated or cool ed, respectively.  

As the fig ure shows, the CDD is predicted to increase from approx. 40 based on the CWEC 

2016 file, to approx. 400 based on th e RCP-8.5 2080s. The HDD is predicted to decrea se 

from approx. 2,800 based on the CWEC 2016 file, to 1,500 based on the RCP -8.5 2080s.  

 

Figure 2.3 Cooling and heating degree days based on the CWEC 2016 file and RCP -8.5 

2020s, 2050s and 2080s for UBC.  
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2.3  Climate Adaptation and Mitigation Measures  

A list of climate adaptation and  mitigation measur es
22

 (CAMMs) were developed to address 

thermal comfort vulnerabilities appropriate to each of the new and existing, high - and 

low -rise archetype s. The CAM Ms were s elected based on project experience, stakeholder 

consultation, and other climate adaptation and mitigation studies
23 , 24

, with the intent to 

focus our analysis on the strategies that are already known to be effective and were 

expected to perform well under t he RCP-8.5 2050s climate scenario. The focus was on 

hard adaptation strategies, or measures th at form part of the infrastructure; soft 

adapt ation strategies, which relate to management, policies, and other protocols, were 

out of scope.  

Both active  (mechani cal) and passive (solar heat gain reduction and enclosure)  CAMMs 

were  assessed. Table 2.9 summarize s the CAM Ms. A detailed description of each CA MM is 

provided in Appendix  B. Each CAMM was modelled for each archetype using the RCP -8.5 

2050s climate file prepared by PCIC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22

 Measures that improve a buil dingõs ability to adapt  to climate change (in this study the focus is primarily on 

adapting to increasing outdoor air temperatures), and that also, ideally,  mitig ate  (or  reduce) greenhouse gas 

emissions related to the operation of the building.   

23

 1
st

 and  Clark Step Code Energy Model, prepared by Focal Engineering Inc., December 2018.  

24

 Passive Cooling Measures for Multi -Unit Residential Buildings, prepared by Mor rison H ershfield, April 2017.  
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TABLE 2.9 MODELLED CLIMATE ADAPTATION AND MITIGATION MEASURES  
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Reduced Window to Wall Ratio  

Ą 30% WWR
25

 

x  x    

Exterior Shading ð Operable  

Ą Design and control optimized to 

prevent unwanted solar gain (east -, 

south -, and west -facing win dows)  

x  x  x  x  

Exterior Shading ð Overhangs/Fins  

Ą Design optimized to prevent 

unwanted solar  gain (east -, south -, 

and west -facing windows)  

x  x  x  x  

Reduced SHGC  

Ą SHGC-0.28
26

 

x  x  x  x  

Dynamic Glazing  

Ą Variable SHGC depending on 

external conditions  

x  x  x  x  

E
n

c
lo

s
u

r
e

 

Improved Wall Thermal Performance  x  x  x  x  

Improved Roof Thermal Performance  x  x  x  x  

Improved Window Thermal Performance  x  x    

Improved Window Performance  

(Thermal + SHGC)  
  x  x  

M
e

c
h

a
n

ic
a

l
 

HRV with bypass and boosted flow rate as 

neede d 
x   x  x  

HRV with bypass, boosted flow rate as 

needed, and cooling coil in ventilation 

system 

x  x  x  

Full mechanical cooling ð Hydronic, 

integrated heating and cooling  
x  x    

Full mechanical cooling ð Ductless (e.g. air 

source heat pump)  

  
x  x  

 

25

 Recommended window to wall ratio based on Passive Design Toolk it, published by City of Vancouver, July 2009.  

26

 Lowest recommended  SHGC based on BC Housing Overheating and Air Quality Design Guide, June 2019.  
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2.3.1  CAMM Bundles  

To view the combined impact of multiple measures  that are likely to be implemented 

concurrently , bundles of CAM Ms were developed, costed, and modelled  for each 

archetype . The bundles were designed based on the results of the individual climate 

measure s and  costing analysis , and informed by the practical  likelihood  and/or 

desirability that specific measures might be implemented together .  

The passive bundles focus on optimizing the effects of passive cooling strategies by 

strategically combining cos t-effective measures  (see Section 2.4 for costing methodo logy) . 

The combined passive and mecha nica l cooling options were  designed for optimal  cost -

effectiveness. The bundles were designed to  meet the thermal comfort criteria based on 

the RCP-8.5 2020s  clim ate file , with a mind to the simplicity and practicality of also being 

ò2050s ready ó. The concept of ò2050 ready ó means that the design of the building 

includes adaptive capacity  for overheating risks (i.e. potentially vulnerable systems are 

designed to b e readily upgraded to improve occupant comfo rt by the 2050s without 

adding significant  capital  costs  or disruptive work ). Designing for adaptive capacity 

includes consideration of infrastructure replacement cycles and the associated upstream 

and downstream  implications . An example would be to allow space for added  or larger 

capacity  cooling equipme nt  with properly designed ducts and power availability , but 

delaying installation  until a future equipment replacement or upgrade cycle  is needed, or 

overheating concerns become apparent .  

For the new build ing archetypes, bundles were also devised to  compl y with the top steps 

of the BC ESC, to further understand how higher step archetypes may perform under 

future climate conditions , and to identify any specific des ign strategies that either help or 

hinder th e future comfort performance of these higher step buildings .  

2.4  Costing and Financial Analysis  

To understand the cost associated with implementing the different design strategies, the 

incremental capital cost (ICC ) of each CAMM and bundle was estimated, as well as the 

annual energy cost for the baseline ar chetypes and bundles.  

For the new building archetypes, the CAMM incremental cost included only the additional 

cost to adapt the building design relative to the b aseline archetype. For the existing 

building  archetypes, the incremental cost was relative to an assumed baseline building 

renewal project. This applies specifically for enclosure renewal related measures, which 

are intended to capture building upgrade opp ortunities when renewal projects are already  

planned. For example, the cost of improving wall thermal performance assumed an 

exterior cladding renewal was already proceeding. The CAMM cost therefore only included 

the cost of the additional material and lab our.  

Various sources were used to estimate t he CAMM incremental costs. These sources 

included previous RDH project experience, product cost estimates from vendors, and 

Gordian RS Means (Accessed Online Aug 2019, using 2019 Q2 data for Vancouver). When 

a wi de range of incremental costs for a CAMM was  found (for example with exterior 

operable shades,  for which there are numerous types available), high and low costs were 

reported and a mean between the two was calculated. If a range of incremental costs were 

not found, the mean ICC was estimated to have  an uncertainty of +/ - 20%. Incremental 

cost upper  bound uncertainty is the difference between the mean -cost and the high -cost 
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estimate, while the lower bound uncertainty is the difference between the mean -cost a nd 

the low -cost estimate.  

The annual energy cost was calculated for the baseline and bundles, based on the 

archetypesõ energy use under the RCP-8.5 2050s climate scenario. The utility rate ($/kWh) 

for district energy was provided by UBC, and the utility ra te ($/kWh) for electricity was 

calculated ba sed on the current available rates for residential  buildings within BC
27

. The 

utility rates are summarized in Table 2.10 . The energy cost was determined based on 

current utility rates, eve n though the energy use is based on 2050s climate; therefore, the 

calculated annual energy cos t is only meant to allow for relative comparison among 

different design strategies.   

TABLE 2.10  UTILITY RATES  

 Utility Rate ($/kWh)  

Electricity  

$0.0945 per kWh for the first 1,350 kWh (in an average 

two -mo nth billing period)  

$0.1417 per kWh over the 1,350 threshold  

District Energy  $0.042 per kWh 

 

27

 BC Hydro, Resi dential Electricity Rates, https://app.bchydro .com/accounts -billing/rates -energy -use/electricity -

rates/residential -rates.html   

https://app.bchydro.com/accounts-billing/rates-energy-use/electricity-rates/residential-rates.html
https://app.bchydro.com/accounts-billing/rates-energy-use/electricity-rates/residential-rates.html
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2.5  Sensitivity Analysis  

A sensitivity analysis was conduct ed based on  selected  bundles and the RCP-8.5 climate 

file for 2050s. The sensitivity analysis aim ed to an swer  the following questions:  

Ą How would an optimized building perform if the internal heat gains were higher or 

lower than predicted in the model ? 

Ą How would an op timized building  perform in the event of no natural ventilation (i.e. 

windows are kept closed) ?  

Ą How would an optimized building  perfo rm in the event of an extended power outage?  

Ą How would an optimized building perform under the RCP -8.5 2080s climate scena rio?   

2.5.1  Internal heat gains  

The impact of internal heat gains (IHGs) was evaluated by modellin g a low and a high 

internal heat gain sc enario. The assumptions were based on the BC Hydro Energy 

Modelling Guideline which outline d different miscellaneous elect ric load scenarios for 

dwelling units  depending on the population of the building. The low plu g load  (2.68 

W/m²) was based on single occupancy with no in -suite laundry and no dishwasher. The 

high plug load (7.17 W/m²) was based on a typical family with one  or more kids, with in -

suite laundry and dishwasher. The BC Hydro Energy Modelling Guideline a lso provides a 

schedul e that assumes  that the loads are on for an equivalent of 15.8 hours per day.   

The baseline assumption in this study was based on NECB 2011,  which assumes a plug 

load of 5 W/m ² and the provided schedule assumes that the loads are on  for an equivalent 

of  10 .6 hours per day.   

For the purpose of this sensitivity analysis, a low IHG case was modelled by combining the 

low BC Hydro plug load  (2.68 W /m²)  and the NECB schedule which assumes that the  loads  

are on for fewer hours compared to  the  BC Hydro schedule. Th e lower IHG case results in 

an annual l oad of 10 kWh/m ²a. For the high IHG case the high BC Hydro plug load (7.17 

W/m²) was modelled with th e BC Hydro schedule, which results in an annual load of 41 

kWh/m ²a. Table 2.11  summarizes the modelled scenarios.  

TABLE 2.11  ASSUMPTIONS FOR SENSNTIVITY ANALYSIS OF INTERNAL HEAT GAINS 

 Load Schedule  Annual Load  

Low 

BC Hydro Low  

2.68 W/m²  

NECB 2011 

10.6 hrs/day  

 10 kWh/m²a  

Baseline 

NECB 2011 

5 W/m²  

NECB 2011 

10.6 hrs/day  

19 kWh/m²a  

High  

BC Hydro High  

7.17 W/m²  

BC Hydro  

15.8 hrs/day  

41 kWh/m²a  

2.5.2  Natural Ventilation  

Natural ventilati on has a significant impact on thermal comfort and is highly dependent 

on occupant behaviour, location and orientation of the building , and its surrounding s. 

In this study the modelled natural ventilation  rate  is based on the assumption tha t 

occupants open  their windows as needed for optimized thermal comfort, though 



 

Page 26  RDH Building Science Inc.  21007.000  

occupants may not open their wi ndows due to reasons such as poor air quality, bugs , 

noise , or safety reasons.  Part of the rationale for this sensitivity analysis is to test CAMM  

bundles for the ir resilience against  air quality events such as  wildfire s. To understand how 

well specific bu ndles perform when windows are closed , they were  modelled  with no 

natural ventilation  during the hottest summer week using the RCP-8.5 2050s clima te file.  

2.5.3  Power Outage  

As the climate gets warmer and occupants increasingly expect  mechanical cooling in 

buil dings, dependency on electricity for thermal comfort during the cooling season 

increases. To assess how a mechanically cooled building would perfo rm in the event of a 

power outage , key CAMM bundles were  modelled by assuming that fans, mechanical 

cooling, plug loads, lighting and other electric equipment are turned  off during the 

hottest summer week using the RCP-8.5 2050s climate file.  

2.5.4  RCP-2080s Climate  

Buildings  that are now in the design stage  or currently in construction will likely 

experience  a signif icant change in climate throughout its lifetime . To understand how 

archetypes that are designed to me et the thermal comfort requirement based on the RCP -

8.5 2050s  climate file will perform later in the century, or if the predicted RCP -8.5 2080s 

climate con ditions were to occur earlier, select bundles were modelled with the RCP -8.5 

2080s climate file. Sinc e the  RCP-8.5 climate files are  created  based on a TMY file f ormat, 

this sensitivity analysis can also be seen as a  2050s  ôhot summerõ stress test of the 

archetypes.  
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3  Results  

This section  summarize s the results for the following:  

Ą Therma l comfort, energy and GHG analysis for each baseline archetype  

Ą Thermal comfort,  energy, GHG and cost analysis for CAMMs and bundles for each 

archetype  

3.1  New Building Low Rise  

This section  summarize s the result s for the new building low rise archetype. Recall that 

the low rise new building baseline archetype is designed to meet Step 3 of the BC Energy 

Step Code. Key findings are summarized at the end of the section (Section  3.1.4 ).  

3.1.1  Baseline Results  

Thermal Comfort Analysis  

The low rise new building baseline is a non -mechanically cooled archetype. Therefore,  it 

must be demonstrated that the number of overheated hours, as de fined in ASHRAE 55 -

2010 Sec tion 5.3, do not exceed 200 hours per year for any thermal zone  (the 80% 

acceptability limit) . The number of overheated hours is reported out together with 

modell ed peak  operative  temperature. The thermal comfort metrics are reported at zone 

level to under stand the risk of overheating and relative differences across the building. 

Figure 3.1 shows the  number of hours per year  that exceed the 80% acceptability limit . 

The layout of the floor plate is shown, with colour coding used to illustrate the variation in 

number of overheated hours.  

 

Figure 3.1 Number of hours that exceed th e 80% acceptability limit . The zones that meet 

the 200 hr limit  are shown as blue. The zones t hat exceed the 200 hr limit are colour 

coded as different shades of red . A darker red indicates a higher number of overheated  

hour s.  
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The baseline thermal comfort  results show that , based on the CWEC 2016 climate file , no 

suite exceeds the 80% acceptabilit y limit for more than 200 hours.  However , all  south -

facing suites exceed the 20 -hour threshold for vulnerable population s. Based on the 

2020s file, all suites sho w a higher number of overheated hours compared to the CWEC 

2016 scenario and one suite exceeds  the 200 -hour limit . For the 2050s and 2080s file s, 

the number of suites that exceed the 80% acceptability limit for more than 200 hours is 

32, or  67% of the suit es.  

The south -west facing corner suite on the top floor show s the highest number of 

overheate d hours  for all four climate files , followed by the south facing and south -east 

facing suites . This is due to the higher exposure to solar radiation which results  in higher 

solar heat gains compared to less sun exposed orientations. The top floor is hottes t, likely  

due to the combination of increase d sun exposure of the roof and stack effect. The lowest 

north facing suites generally remain within or close to the co mfort limit even in the future 

climate scenarios.  

Figure 3.2 shows  mo delled  peak operative temperature , also in a building zone format,  

with colour coding used to illustrate the variation in peak temperature . The date and time 

of t he hottest hour is als o indicated . 

 

Figure 3.2 Modelled peak operative temperature ( °C) for each zone and climate file. The 

zones are colour coded to illustrate the variation in peak temperature .  

The number  of overheated hours i s higher for the south -west, south -east and directly 

south facing suites , though the modelled peak operative temperature is higher for the 

south -west facing and north -west facing corner suites. The higher modelled temperatures 

seen fo r the west -facing suit es are likely a result of higher solar gains.   

The thermal comfort resu lts shown in Figure 3.1 and Figure 3.2 are summarized in Table 

3.1. The results indicat e that the baseline design meets the thermal comfort criteria as 

defined in the BC ESC. Howeve r, as the climate gets warmer , the number of overheated 

hours and peak  operative  temperature s increase and the basel ine design no longer meets 

the thermal comfort  criteria. The 2020s scenario only marginally exceeds the comfort 
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criteria  as defined in the B C ESC. Note that the baseline design exceeds the thermal 

comfort threshold for vulnerable population for all climate  scenarios.   

TABLE 3.1 SUMMARY OF BASELINE THERMAL COMFORT RESULTS FOR THE LOW RISE 

NEW BUILDING ARCHETYPE  

 

CWEC 2016 

RCP-8.5  

2020s  

RCP-8.5  

2050s  

RCP-8.5  

2080s  

# of suites > 80% 

acceptability limit  
0 1 32  32  

% of suites > 80% 

acceptability limit  
0 2% 67% 67% 

Highest # of overheated 

hours
 

(Zone level)  
160  246  589  702  

Suite with highest # of 

overheated hours  
South -west facing corner suite on top floor  

Peak operative  

temperature  (°C) 
31 32  35  36 

Suite with highest peak 

operative temperature  
South -west facing corner suite on top floor  

Figure 3.3 shows the modelled  hourly  operative temperature  for the warmest suite  during 

the warmest week for the four  climate scenarios . The red dashed line illustrates the 80% 

acceptability limit based on the CWEC 2016 file.  

As the figure shows, the operative temperature based on th e 2020s climate file is slightly 

warmer than CWEC 2016, and  significantly warmer based on the 2050s and 2080s 

climate.  

 

 

Figure 3.3 Modelled interior operative temperature ( °C) for the warmest suite  for the  low 

rise new building baseline, shown for one summer week , based on the CWEC 2016, RCP -

8.5 2020s, 2050s and 2080s climate files. The red dashed line illustrates the 80% 

acceptability limit based on the CWEC 2016 climate file.  
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Energy and Emission Analysis   

Figure 3.4 summarizes annual total energy use intensity ( TEUI) and thermal energy 

demand intensity ( TEDI) for the low rise new building  baseline.  Recall that the low rise 

new building baseline archetype meet s Step 3 of the BC ESC and does not have 

mechanical cooling . The grey dashed line illustrates t he Step 3 TEUI target (1 20 kWh/m
2

a) 

and the red dashed line illustrates the Step 3 TEDI t arget ( 30  kWh/m
2

a).  

  

Figure 3.4 Annual tota l energy use intensity (TEUI) and thermal energy demand intensity 

(TEDI) results for the low rise new building baseline. The grey dashed line shows the Step 

3 TEUI target (120 kWh/m
2

a), and the red dashed line shows the Step 3 TEDI target (30 

kWh/m
2

a). 

Table 3.2 summarizes the  energy and emission results  for the low rise new building 

baseline . As shown, the three  energy related  metrics  (TEDI, TEUI and peak hea ting 

demand ) and the emission metric  (GHGI) decrease as the climate gets w armer, due to the 

decreased  space heating demand.  Compared to the CWEC 2016 results, TEDI decreases 

30% based on the RCP -8.5 2050s climate file, and 56% based on the RCP-8.5 2080s 

climate file.  However, t he models indicate that more than half (67%) of the suites exceed 

the thermal comfort 80% acceptability limit based on the 2050s and 2080s climate files. 

So, while the TEDI and TEUI targets are being met, thermal c omfort crite ria are not being 

met for most suites by the 2050s.   
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TABLE 3.2 SUMMARY OF BASELINE ENERGY AND EMISSION RESULTS FOR THE LOW 

RISE NEW BUILDING ARCHETYPE 

 
CWEC 2016 RCP-8.5  2020s  RCP-8.5  205 0s RCP-8.5  2080s  

TEUI (kWh/m
2a) 111  105  103  96  

TEDI (kWh/m
2a) 23  18  16  10  

Peak heating 

dema nd
1

 (W/m
2) 

20  17  17  16  

GHGI
2

 ð Current 

(kgCO 2e/m²a)  
13  12  11  10  

GHGI
2

 ð Future 

(kgCO 2e/m²a)  
6 5 5 4 

1

Peak heating demand on grid (accounts for system efficienc y), see Table 2.5 for full description.  

2

The GHGI is calculated with the current emission fac tor  (GHGI ð Current)  for the UBC district energy system as well 

as the emission factor for the future district  energy system (GHGI ð Future)  that is planned to con sist of 60% 

renewable energy by 2024. 
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3.1.2  Climate Adaptation  + Mitigation  Measures  

This section  summarizes the thermal comfort and costing results for the individual 

CAMMs for the low rise new buildin g.  A detailed description of each climate adaptation 

measu re is provided in Appendix B.  

Thermal Comfort Analysis  

Figur e 3.5 shows the numb er of overheated hours in the warmest zone for the baseline 

archetype and each CAMM, based on the RCP -8.5 2050s climate file. The red dashed line 

illu strates the 200 -hour limit, and the black dashed line presents the baseline results.  

  

Figur e 3.5. Number of o verheated hours for the warmest zone for the baseline and each 

individual CAMM, modelled with th e RCP-8.5 2050s climate file.  The red dashed line 

illustrates the 200 hour limit , and the blac k dashed line indicates the baseline results.  

As seen in  Figur e 3.5, the most effective passive measure  on its own  is operable shading, 

followed by fixed shading and dyna mic glazing . Though the exterior shading measures 

are close t o the 200 hour limit, none of the passive measures on their  own reduce the 

number of overheated hours for the warmest suite below 200 hour s for the 2050s 

scenario .  

The results indicate that upgrading the ventilation system to include a high efficiency HRV  

that can operate in boost and bypass mode as needed, plus a cooling coil downstream of 

the HRV, meet s the thermal comfort criteria based on the  RCP-8.5  2050s cli mat e file . This 
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suggests that full mechanical cooling is not required for this archetype in 20 50s climate  

(provided we accept the 200 -hour 80% acceptability limit) .   

As an individual measure, dramatically improving the window thermal performance  (to 

USI-0.8)  without combining with passive cooling measures  leads to a slight increase in 

overheating.  This suggests that installing a window that has very low thermal 

transmittance without also addressing solar heat gain may increase the risk of 

overheating . 

Costing  Analysis  

The incremental cost of each CAMM compared to the baseline is presented in  Figure 3.6 

together with the thermal comfort results shown in the previous section. The red error 

bars illustrate the high and  low  CAMM cos t. Appendix C provides additional costing 

details . 

 

Figure 3.6 The red lines show the incremental cost ($/m
2

) on building level,  the error bars 

show the high and low cost. T he number of overheated hours is shown  for the warmest 

suite based on RCP -8.5 2050s climate file.  

The reduced WWR measure shows a ne gative incremental cost as there is a capital cost 

reduction associated with installing less window area. The reduced SHGC measure shows 

no incremental cost becau se the cost to upgrade glazing with lower SHGC for new 

construction is very small. These resul ts indicate that designing for reduced WWR and 

SHGC are both promising strategies given that they reduce t he risk of overheating with 

either a negligible or posit ive impact on incremental costs. 
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On the active side, the high efficiency HRV measure with coo ling coil is cost effective 

compared to the passive measures but less cost -effective than changing the mec hanical 

heating and cooling system to provide full mecha nical cooling.  

The full mechanical cooling measure includes installation of air source heat p umps that 

provide heating and cooling via in -suite hydronic FCUs. The baseline includes in -floor 

hydronic heating (no cooling), and as such the incremental capita l cost of switching the 

mechanical system to an integrated heating and cooling system is shown  to be negligible. 

The baseline choice reflects UBCõs preference given their district energy system, but is 

less common in other areas of the Lower Mainland. If, for example, electric baseboard 

heaters were used in the baseline case, the incremental cost t o upgrade to heat pumps 

would be significantly higher.   

3.1.3  CAMM Bundles  

Based on the analysis of the impact o n overheated hours of the individual CAMMs and  the  

costi ng analysis , bundles  of CAM Ms were assembled , following the approach described in 

Section  2.3.1 .   

For the new  building low  rise , the archetype was also adjusted to comply with BC ESC  Step 

4, to understand how the higher step ar chetypeõs performance may differ from the Step 3 

baseline in a future climate. Bundles were th en applied to each of the Step 3 and Step 4 

archetypes.  

Recall that the new building low rise baseline is heated via in -floor hydronic heating with 

district ener gy connection. As mentioned in Section 2.1.1, an additional analysis was 

comple ted to understa nd the impact and cost associated with the CAMM bundles for a low 

rise new archetype with a more common  electric baseboard  baseline heating system . The 

results of  the additional analysis are provided in Appendix D.  

Step 3  

The modelled bund les for the Ste p 3 archetype are summarized in Table 3.3. Two passive 

bundles ( Bundle 1 and Bundle 2), and two combined passive and active bundles ( Bund le 3 

and Bundle 4 ) were modelled. Bundle 3 includes partial cooling through the ventilation 

un it, whereas Bundle 4 consists of full mechanical cooling through an air source heat 

pump supplying in -suite fan -coil units. The measures included in the bundles are 

described in f urther detail in Appendix B.  
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TABLE 3.3 MODELLED BUNDLES FOR STEP 3 LOW RISE NEW BUILDING ARCHETYPE 

 Description  

P
a

s
s
iv

e
 

 
Step 3 ð  

Bundle 1  

Ą Reduced WWR to 30% (from 40%)  

Ą Reduced SHGC to 0.28 (from 0.36)  

Ą Fixed shading  

Step 3 ð  

Bundle 2  

Ą Reduced SHGC to 0.28 (from 0.36)  

Ą Operable shading  

C
o

m
b

in
e

d
 

Step 3 ð  

Bundle 3  

Ą High efficiency HRV with bypass, cooling coil and boost 

as needed  

Ą Reduced SHGC to 0.28 (from 0.36)  

Ą Operable shading    

Step 3 ð  

Bundle 4  

Ą Full mechanical cooling  

Ą Reduced SHGC to 0.28 (from 0.36)  

Ą Operable sh ading  

Operable shading showed a higher reduc tion in overheating hours than fixed shading, 

however,  the model assumes that occupants control the shading devices as needed for 

optimal solar heat gain reduction. Fixed shading can be favourable for projects where 

passive design (limited occupancy contro l) is a priority. Furthermore, operable shading 

may need maintenance throughout the lifetime of the shading device, and/or be replaced 

throughout the lifetime of the building. Because of the co -benefits of fixe d shading , the 

measure is included in the bund le analysis.  

Thermal Comfort Analysis  

Figure 3.7 shows the number of overheated hours for t he warmest zone  in  the Step 3 low 

rise new building baseline and bundle archetyp es. The modell ed risk of overheating is 

shown based on the RCP-8.5 2020s and 2050s climate file s. The red dashed line 

illustrates the 200 hour limit , and the orange  dashed line  illustrates the 20 hour limit for 

vulnerable population s. Table 3.4 summarizes the results shown in Figure 3.7. The red 

font colour indicates that the thermal comfort criteria (80% acceptability limit) is 

exceeded.  
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Figure 3.7 Number of overhe ated hours for the warmest zone in the Step 3  low rise new 

building  baseline  and bundle  archetypes , based on the RCP -8.5 2020s and 2050s climate 

files. The red da shed line illustrates the 200 hour limit, and the orange  dashed line 

illustrates the 20 hour l imit for vulnerable population.  

 

 

TABLE 3.4 NUMBER OF OVERHEATED HOURS FOR THE WARMEST ZONE FOR THE 

STEP 3 LOW RISE NEW BUILDING BASELINE AND MODELLED BUNDLES  

 

 

Baseline Bundle 1  Bundle 2  Bundle 3  Bundle 4  

RCP-8.5 2020s  246  35 37  0 0 

RCP-8.5 2050s  589  215  227  0 0 

The results show that the warmest zone for both the passive bundles ( Bundle 1 and 

Bundle 2) are below  the 200 -hour target  based on the RCP -8.5 2020s climate file , though 

both passive bundles slig htly exceed the 200 hour  threshold  based on the RCP -8.5 2050s 

climate file. Both combin ed bundles ( Bundle 3 and Bundle 4) reduce the number of 

overheated hours be low the 20 -hour threshold for vulnerable population s, based on the 

RCP-8.5 2020s and 2050s cli mate file. These results illustrate that the Step 3 baseline 

archetype perform s reasona bly well from a comfort perspective in the RCP-8.5  2020s 

climate, but is vu lnerable under the 2050s scenario, whereas all of the bundles perform 

relatively well in both future scenarios.  
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Table 3.5 summarizes the whole building thermal comfort results for the  Step 3 baseline 

and  bundles , modelled with  the  RCP-8.5 2050s climate fil e. Both the passive and 

combined bundles reduce the  risk o f overheat ing and peak operative temperature 

significant ly at the whole building level . The number of  suites  that exceed the 80% 

acceptability limit decrease from 32 (67%) to 3  (6%) for the passive bundles and no suites 

exceed the 80% acceptability limit for the com bined bundles.  

 

TABLE 3.5 SUMMARY OF BUNDLE THERMAL COMFORT RESULTS FOR THE STEP 3 

LOW RISE NEW BUILDING BASED ON RCP-8.5 2050S CLIMAT E FILE 

 
Baseline Bundle 1  Bundle 2  Bundle 3  Bundle 4  

# of zones > 80% 

acceptability limit  
32  3 3 0 0 

% of zones > 80% 

acceptability limit  
67% 6% 6% 0% 0% 

Highest # of 

overheated hours
 

(zone level)  

589  215  227  0 0 

Peak operative 

temperature  (°C) 
36 33  33 28  27 

Suite with highest 

peak operative 

temperature  

South -west facing corner suite on top floor  

Figure 3.8 shows the modelled operative temperature for the Step 3 low rise new building 

basel ine and bundles  for the hottest summer week  based on the RCP -8.5 2050s climate 

file. The red d ashed line illu strates the 80% acceptability limit for July.  

 

   

Figure 3.8 Modelled operative temperature ( °C) for the warmest suite  for the Step 3 low 

rise new building baseline and bundles  based on the RC P-8.5 2050s cli mate file,  shown for 

the hottest  summer week.  
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The results indicate that partial cooling in combination with operable exterior shading 

(Bundle 3) eliminates all overheated hours and achieves comparable interior temperature 

as full mechanica l cooling (bundle 4) during the hottest summer week.  

Energy and Emission Analysis  

Table 3.6 summarizes the energy and GHG results for the  passive bundles for the Step 3 

low rise new building archetype based on the RCP -8.5 2050s cli mate file. Note that the 

passive bundles for the Step 3 archetype marginally exceed the 200 hour threshold based 

on the 2050s scenario, however, the energy and em ission results for these bundles are 

still included since they are close to the limit and may still be viable solutions.   

TABLE 3.6 ENERGY AND GHG RESULTS FOR THE STEP 3 LOW RISE NEW BUILDING 

PASSIVE BUNDLES BASED ON THE RCP-8.5 2050S CLIMAT E FILE  

 Baseline  

(Step 3)  
Bundle 1  Bundle 2  

TEUI (kWh/m²a ) 105  104  106  

TEDI (kWh/m²a)  19  18  19  

Peak heating demand
1

 (W/m²)  18  15  19  

GHGI
2

 (kgCO 2e/m²a)  5 5 5 

1

Peak heating demand on grid (accounts for system efficien cy), see Table 2.5 for full description.  

2

The GHGI is calculated with the emission factor for  the future UBC district energy system that is planned to consist 

of 60% renewable energy by 2024.  

There  is a relatively small difference in TEUI, TEDI, and peak  heating demand between the 

baseline and the modelled passive bundles. The passive bundles are  designed to reduce 

the solar heat gains to the space to reduce the risk for overheating, which can resul t in a  

slight increase in space heating demand, as  is evi dent  for Bundle 2 (operable shading + 

reduced SHGC).  

Bundle 1 consists of reduced window to w all ratio, fixed exterior shading, and reduced 

SHGC. Although Bundle 1 also consists of design measures t hat reduce solar heat gains, 

the improved overall thermal  performance of the envelope, due to the reduced WWR, 

results in an overall positive effect on  TEDI and peak heating demand compared to the 

baseline.  

Table 3.7 summarize the energy and GHG results for the combined bundles based on  the 

RCP-8.5 2050s climate file. To quantify the impact of passive measures when combined 

with  the active measures, the results for the individual active measures are included, i.e. 

the bundles without passive measures.   
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TABLE 3.7 ENERGY AND GHG RESULTS FOR THE STEP 3 LOW RISE NEW BUILDING COMBINED 

BUNDLES BASED ON THE RCP-8.5 2050S CLIMATE FILE 

 

 

Baseline 

(Step 3)  

HRV with bypass, cooling 

coil, and boost as needed  
Full mechanical cooling  

Without 

passive 

measures  

With  passive 

measures 

(Bundle 3 ) 

Without 

passive 

measures  

With  passive 

measures 

(Bundle 4 ) 

TEUI (kWh/m²a)  105  105  105  10 9 104  

TEDI (kWh/m²a)  19  13 13 19  19  

CEDI
1

 (kWh/m²a)  n/a  9 8 16 12 

TEDI + CEDI 

(kWh/m²a)  
19  22  21  35  31  

Peak heating 

demand
2

 (W/m²)  
18  13  13  6 6 

Peak cooling 

demand
2

 (W/m²)  
n/a  10  7 9 6 

Peak operative 

temperatu re (°C) 
36  31  28  27  27  

GHGI
3

 (kgCO 2e/m²a)  5 4 4 3 3 

1

 Recall that there is currently no performance metric defined in the BC ESC for cooling energy. To allow fo r 

comparison of cooling energy demand between the different measures and climate scenarios, a metric for cooling 

energy demand is included in this an alysis, referred to as ôcooling energy demand intensityõ, or CEDI, which is 

calculated in the same way as t he TEDI, i.e. the annual cooling demand for space conditioning and conditioning of 

ventilation  air (not accounting for system efficiency).
 

2 

Peak heating/cooling demand on grid (accounts for system efficiency), see Table 2.5 for full description.  

3 

The GHGI is calculated with the emission factor for the future UBC district energy system that is pl anned to consist 

of 60% renewable energy by 2024  

 

The l ower TEDI shown for Bundle 3 compared to the baseline is due to the increase in HRV 

efficiency. Despite the  reduction in heating demand, TEUI is unchanged compared to the 

baseline due to the increase i n fan power and addition of cooling energy  consumption .  

Bundle 4 consists of full mechanical cooling via an air source heat pump supplying in -

suite fan -coil unit s; the higher system efficiency of  which results in a lower peak heating 

demand and peak cooli ng demand compared to Bundle 3.  

The results show that  the addition of p assive cooling measures  to  the  actively cooled 

archetypes  significantly reduce s CEDI and  peak cooling deman d. The reduced cooling 

energy demand is shown for both Bundle 3 (partial cool ing) and Bundle 4 (full cooling) 

compared to the i ndividual active measures, i.e. the bundles without passive measures. 

Both Bundle 3 and Bundle 4 result in sligh tly lower or similar total building energy 

consumption (TEUI) and GHGI as the  Step 3  baseline,  while also  significantly reducing  the 

risk of ove rheating based on 2050s climate.  

Besides the positive impact of passive cooling measures on cooling energy dema nd, 

adding design measures to mitigate solar heat gains can also result in reduced operation 

costs  and may allow for reduce d cooling equipment s ize.  
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Costing Analysis  

This section summarizes the costing analysis of the Step 3 low rise new building bundles, 

including the incremental capital cost ($/m²) and annual energy cost ($/m²). Additional 

costin g details are  provided in Appendix C. Note that th e passive bundles for the Step 3 

archetype marginally exceed the 200 hour threshold based on the 2050s scenario ; 

however, the bundles are still included in the costing analysis since they are close to the 

limit and may be viable solutions.   

Figure 3.9 shows the incremental cost at the building level for  the  Step 3 bundle s. To 

understand the  cost -effectiveness of each bundle the incremental cost is shown together 

with the number of o verheate d hours  based on the RCP -8.5 2050s climate file . The error 

bars illustrate the high and low bundle cost .  

Figure 3.10  shows the a nnual energy cost for the Step 3 baseli ne and bundles. Table 3.8 

summ arizes the energy cost savings compared to the baseline.  

 

 

Figure 3.9 Incremental cost  ($/m²)  for the Step 3 b undles shown together with the n umber 

of overheated h ours based on RCP -8.5 2050s climate file . The error bars show the high 

and low incremental bundle cost.  
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Figure 3.10  Annual energy cost ($/m²) for the St ep 3 baseline and  bundle s.  

 

TABLE 3.8 ENERGY COST SAVINGS COMPARED TO THE BASELINE (STEP 3)  

 Bundle 1  Bundle 2  Bundle 3  Bundle 4  

Energy Cost Savings (%)  0% 0% -5% -19% 

 

The average incremental cost of Bun dle 4 (full mechanical cooling) is comparable to the 

passive bundle. However, as discussed in  Section 3.1.2 , a different baseline heating 

system (e.g. electric baseboards) would considerably increase the incremental cost of 

addi ng full mechanical cooling . Appendix D provides the incremental cost of this bundle 

compared t o an electric baseboard baseline.  

Neither  of the combined bundl es (Bundle 3 and 4) result in an increase in total energy use 

compared to the baseline. And both r educe GHG emissions. However, both result in an 

increase in annual energy cost . The bundles re sult in lower heating energy use (district 

energy) due to heat r ecovery or higher heating equipment efficiency, but also  increased  

cooing energy use (electricity) . Since the  current  utility rate for electricity is higher  than 

district energy (in this scena rio ), there is an increase in total annual energy cost. Refer to 

Appendix D for the energy cost savings of the combined bundles compared to an electric 

baseboard baseline.  

Step 4  

To meet the  BC ESC Step 4 target s, the overall thermal performance of the en clos ure was 

improved by upgrading the windows, wall and roof, and the minimum efficiency HRVs 

were upgraded to high efficiency HRVs with bypass. Table 3.9 summarizes the 

adj ustments that were made to the  Step 3  low rise new buildin g baseline  to meet Step 4 .   
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TABLE 3.9 ADJUSTMENTS MADE TO MEET STEP 4 OF THE BC ESC FOR THE LOW RISE 

NEW BUILDING ARCHETYPES 

 Description  

Step 4  

Ą Improved window performance to USI -0.8 (U -0.14),  

SHGC-0.28  

Ą Improved wall thermal performance to R eff-27  

Ą Improved roof thermal performance to R eff-40  

Ą Upgraded HRVs to 85% efficient with bypass   

The modelled bundles  for the Step 4 archetype are summarized in Table 3.10 . The 

differenc e between the Step 3 and Step 4 bu ndles is that the reduced SHGC measures is 

included in the Step 4 baseline, and therefore not included as an additional design 

measure in the bundles.  

Two passive bundles ( Bundle 1 and Bundle 2), and two combined passive a nd active 

bundles ( Bundle 3 and Bundle 4) were modelled. The measures are described in further 

detail in Appendix B.   

TABLE 3.10   MODELLED BUNDLES FOR STEP 4 LOW RISE NEW BUILDING ARCHETYPE 

 Description  

P
a

s
s
iv

e
 
 

 

Step 4 ð 

Bundle 1  

Ą Reduced WWR to 30% (from 40%)  

Ą Fixed shading  

Step 4 ð 

Bundle 2  
Ą Operable shading  

C
o

m
b

in
e

d
 

Step 4 ð 

Bundle 3  

Ą Cooling coil downstream o f HRV, and boost as needed  

Ą Operable shading  

Step 4 ð 

Bundle 4  

Ą Full mechanical cooling  

Ą Oper able shading  

Thermal Comfort Analysis  

Figure 3.11  shows the number of overheated hours for the warmest zone  in  the Step 4 

low rise new b uilding baseline and bundle archetypes. The modelled risk of overheating is 

shown based on the  RCP-8.5 2020s and 2050s climate files. The red dashed line 

illustrates the 200 hour limit, and the orange dashed line illustrates the 20 hour limit for 

vulnerabl e population. Table 3.11  summarizes the results shown in Figure 3.11 . 
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Figure 3.11  Number of overheated hours for the Step 4 low rise new building baseli ne and 

modelled bundles based on the RCP -8.5 2020s and 2050s climate files. The red dashed 

lin e illustrates the 200 hour limit, and t he orange dashed line illustrates the 20 hour limit 

for vulnerable population.  

TABLE 3.11  NUMBER OF OVERHEATED HOURS FOR THE WARMEST ZONE FOR THE 

STEP 4 BASELINE AND MODELLED BUNDLES  

 

 

Baseline Bundle 1  Bundle 2  Bundle 3  Bundle 4  

RCP-8.5 2020s  164  18  1 0 0 

RCP-8.5 2050s  517  169  139  0 0 

Table 3.12  summ arizes the thermal comfort results for the Step 4 baseline and bundles, 

modelled with the RCP -8.5 2050s climate file. The results show that all bundles reduce 

the number of overheated hour s below the 200 -hour target for all suites, based on both 

the RCP-8.5 2020s and 2050s climate file. All bundles are below the 20 -hour target for 

vulnerable popula tion s based on the RCP -8.5 2020s climate file, though the passive -only  

bundles exceed the 20 hour based on the RCP -8.5 2050s climate file. The results show 

that  the Step 4 baseline and its bundles perform better , from a thermal comfort 

perspective , than th e Step 3 baseline and bundles.  
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TABLE 3.12  SUMMARY OF BUNDLE THERMAL COMFORT RESULTS FOR THE STEP 4 

LOW RISE NEW BUILDING BASED ON RCP-8.5 2050S CLIMATE FILE 

 Baseline Bundle 1  Bundle 2  Bundle 3  Bundle 4  

# of zones > 80% 

acceptability limit  
25  0 0 0 0 

% of zones > 80% 

acceptability limit  
52% 0% 0% 0% 0% 

Highest # of 

overheated hour s 

(zone level)  

517  169  139  0 0 

Peak operative 

temperature  (°C) 
34  32  32 28 27 

Suite with highest 

peak operative 

temperature  

South -west facing corner suite on top floor  

Figure 3.12  shows the modelled operative temperature for the Step 4 low rise new 

building baseline and bundles  for the hottest summer week  based on the RCP -8.5 2050s 

climate file. The r ed dashed line illustrates the 80% acceptability limit for July.   

 

 

Figure 3.12  Modelled operative temperature ( °C) for the warmest suite for the Step 4 low 

rise new building bundles, shown for the hottest summer week.  

 

As seen for the Step 3 archetype, the results indicate that cooling only the ventilation air, 

in combination with o perable exterior shading (Bundle 3 ), eliminates all overheated hours 

and achieves comparable interior temperatures as full mecha nical cooling ( Bundle 4) 

during the hottest summer week.  

Energy and Emission Analysis  

Table 3.13  summarizes the energy and GHG results f or the passive bundles for the Step 4 

low rise new building archetype based on the RCP -8.5 205 0s climate file.   
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TABLE 3.13  PASSIVE BUNDLE RESULTS FOR LOW RISE NEW BUILDING STEP 4 BASED 

ON RCP-8.5 2050S CLI MATE FILE  

 Baseline Bundle 1  Bundle 2  

TEUI (kWh/m²a)  96  96  97  

TEDI (kWh/m²a)  11 11  11  

Peak heating demand
1

 (W/m²)  13  13  13  

GHGI
2

 (kgCO 2e/m²a)  4 4 4 

1

Peak heating demand on grid (accounts for system efficiency), see Table 2.5 for full description.  

2

The GHGI is calculated with the emission factor for the future UBC district energy system that is  planned to consist 

of 60% renewable energy by 2024.  

Similar to  the Step 3 archetype , there is relatively small difference in TEUI, TEDI, and peak 

heating dem and  between the baseline and the modelled passive bundles.  The slight  

increase in TEUI shown for Bundle 2 is a result of an increase in heating demand, as a 

result of the reduced solar heat gains to the space.  

Table 3.14  summarizes t he results for the active bundles for the  Step 4  low rise new 

building. For comparison, the re sults for the individual active measures are included, i.e. 

the bundles without passive measures.  Red font color indicates that the Step 4 target has 

been exceede d.  

TABLE 3.14  COMBINED BUNDLE RESULTS FOR LOW RISE NEW BUILDING STEP 4 BASED 

ON RCP-8.5 2050S CLI MATE FILE  

 
Baseline 

(Step 4)  

HRV with bypass, cooling 

coil, and boost as needed  
Full mechanical cooling  

Without 

passive 

measures  

With  passive 

measures 

(Bundle 3)  

Without 

passive 

measures  

With  passive 

measures 

(Bundle 4) 

TEUI (kWh/m²a)  96  100  99  10 5 99  

TEDI (kWh/m²a)  11  11  11  11  11  

CEDI 

(kWh/m²a)  
n/a  9 8 15  10  

TEDI + CEDI 

(kWh/m²a)  
n/a  20  19  26  21  

Peak heating 

demand
1

 

(W/m²)  

13  13  13  5 5 

Peak cooling 

demand
1

 

(W/m²)  

n/a  10  7 8 4 

Peak operative 

temperature  

(°C) 

34  30  28 27  27  

GHGI
2

 

(kgCO 2e/m²a)  
4 4 4 3 3 

1

Peak heating/cooling demand on grid (accounts for system efficiency), see Table 2.5 for full descript ion.  

2

The GHGI is calculated with the emission factor for the future UBC district energy syst em that is planned to consist 

of 60% renewable energy by 2024 .  

The results show the beneficial reduction to the CEDI and peak cooling demand from 

incorporating p assive measures in a fully  and partially  mechanically cooled scenario.  
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Note that the  Step 4  BC ESC target  for TEUI is exceeded for the full mechanical cooling 

case without passive cooling measures . The addition of passive cooling measures (Bundle 

4) reduc es the cooling energy use and lowers the TEUI below the Step 4 target , alt hough 

all active bun dles are close to exceed ing the Step 4 TEUI limit and further adjustments 

may be required  (for example further reducing the cooling energy demand by additional 

solar reduction measures, or  further improvement s to enclosure thermal performance ) to 

address t hermal comfort and  meet the TEUI target.  

Costing  Analysis  

This section summarizes the costing analysis of the Step 4 low rise new building bundles, 

including the  incremental capital cost ($/m²) and annual energy cost ($/m²). Additional 

costing data are  pr ovided in Appendix C.  

Figure 3.13  shows the incremental cost on building level for the Step 4 bundles together 

with the number of overhe ated hours based on the RCP -8.5 2050s climate file. The error 

bars illustrate the high and  low  bundle cost.  

Figure 3.14  shows the annual energy cost impact for the Step 3 baseline and bundles. 

Table 3.15  summarizes the energy cost savings compared to the baseline.  

 

 

Figure 3.13  Incremental cost ($/m²) for the Step 4 bundles shown together with t he 

number of overheated hours based on RCP -8.5 2050s climate file . The error bars show the 

high and low incremental bundle cost.  
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Figure 3.14  Annual energy cost ($/m²) for the Step 4 baseline and bundles.  

 

TABLE 3.15  ENERGY COST SAVINGS COMPARED TO THE BASELINE (STEP 4) 

 Bundle 1  Bundle 2  Bundle 3  Bundle 4  

Energy Cost Savings (%)  0% 0% -4% -16 % 

The results show that there is an increase in the annual energy cost for b oth combined 

bundles (Bundle 3 and 4). T his is because  the  bundles  result in a  small  increase in total 

energy use  due to the addition of cooling , as well as a switch from district energy to 

electricity, which has a higher utility rate.  However, since there is a switch from district 

energy to electricity, and the emission factor in this case is lower for electricity than 

district energy, Bundle  4 resul ts in a reduction in GHG emissions, and the GHG emissions 

for Bundle 3 are unchanged compar ed to the baseline.  

Appendix D provides the energy cost savings and in cremental cost of the bundle 

compared to an electric baseboard baseline.  
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3.1.4  Key Findings ð Low Rise New Building  

Ą Both Step 3 and Step 4 baseline  archetype s are vulnerable to overheating under the 

2050s scenario.  This suggests that some deliberate design stra tegies beyond simply 

meeting the current BC ESC metrics are required to address future thermal  comfort.  

Ą The modelling results show that the Step 4 baseline and bundles perform better, from 

a thermal comfort a nd energy perspective, than the Step 3 baseline  and bundles. To 

meet the Step 4 TEDI target, the thermal performance of the enclosure had to be 

improved. As there are less heat losses through the enclosure, the building becomes 

more vulnerable to overheati ng if solar heat gains are not controlled, and/ or if 

unwanted warm air is brought in through the ventilation system. Therefore, high 

performa nce windows with reduced SHGC and high efficiency HRVs with bypass were 

also implemented in the Step 4 case to meet  the BC ESC thermal comfort criteria.  

Ą Reduced Window to Wall Ratio and glazing with a reduced Solar Heat Gain Coefficient 

are two essentiall y zero incremental cost design measures with a beneficial impact on 

reducing the risk of overheating . However, both  strategies may reduce winter solar 

gains and i ncrease thermal energy demand, and as such, each strategy must be 

evaluated within the context  of a specific project and its other performance metrics.   

Ą For the Step 4 archetype, all modelled passive and comb ined bundles meet the 

thermal comfort criteria based on the RCP -8.5 2050s climate , though only the bundles 

including partial or full mechanic al cooling meet the thermal comfort criteria for the 

Step 3 archetype.  

Ą For both the Step 3 and Step 4 archetypes, adding partial or full mechanical cooling is 

shown to increase the annual energy cost (due to an increase in electricity 

consumption ). Howeve r, both solutions show that all overheated hours can be 

eliminated when modelled under the RCP -8.5 2050s climate sc enario, without 

increasing the GHG emissions. T he increase i n utility cost is due to the baseline 

assumption of district heating, which is co nsiderably less costly than grid electricity. If 

the baseline heating system had been, for example, electric basebo ards, annual 

energy cost savings would have bee n realized in the bundles.  

Ą The results for both Step 3 and Step 4 archetypes indicate that up grading the 

ventilation system to include a high efficiency HRV that can operate in boost and 

bypass mode as needed, plus a cooling coil downstream of the HRV, me ets the 

thermal comfort criteria based on  the  2050s climate  file . This suggests that full 

mech anical cooling is not required for this archetype in the RCP-8.5 2050s climate , 

provided we accept the 200 -hr  80% acceptability limit .   

Ą The addition of p assive m easures to the mechanically cooled bundles is shown to 

reduce the cooling energy consumption a nd peak cooling demand . The addition of 

passive cooling measures can also result in lower energy  costs  due to  lower cooling 

energy use,  and may allow for reduced cooling equipment size  as a result of 

decreased peak cooling loads .     

Ą The peak cooling deman d and CEDI are both  lower for the fully mechanically cooled 

Step 4  archetype  compared to Step 3, demonstrat ing the benefit of a high 

performance enclosure  toward reducing mechanical cooling equipment size , cooling 

energy demand and associated operating cos ts.  
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Ą A high performing enclosure also increases the likelihood that an emerging 

technology like combined heat  recovery ventilator heat pumps can satisfy heating, 

cooling and ventilation system needs in a single piece of equipment.  

Ą It should be noted that the low incremental cost for full mechanical cooling  results 

from the baseline system assumption, which for UBC is hydronic radiant heating with  

code minimum HRVs . A different type of baseline system would result in a 

considerably higher incremental cost t o change to full mechanical cooling.  An 

additional analysis was completed to understand the cost associated with this 

measure for a low rise new  building with a m ore common baseline heating system. 

The archetype in the additional analysis is heated via ele ctric baseboards, while all 

other characteristics are unchanged. The results of the additional analysis are 

provided in Appendix D. 
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3.2  New Buildin g High Rise  

This  section summarizes the results for the new building high rise archetype.  Recall that 

the high rise new building baseline archetype is designed to meet Step 2 of the BC Energy 

Step Code.  Key findings are summarized at the end of the sectio n (Section 3.2.4 )  

3.2.1  Baseline Results  

Thermal comfort Analysis   

The high rise buildin g baseline archetype is mechanically cooled. Therefore, the thermal 

comfort metrics for the non -mechanically cooled archetypes do not apply (the equipment 

is auto -sized to limit number of overheating hours) . Instead , the cooling energy demand 

intensity (CE DI) and peak cooling load are reported at zone level to provide an 

understanding of the relative difference s across the building . Note that the peak cooling 

load does not account for system efficiency.  

Figure 3.15  shows annual CED I (kWh/m
2

a) at the  zone level. The  layout of the floor plate 

is shown, with the colour coding used to illustrate the variation in CEDI. The figure also 

shows CEDI at the  building level for the different climate scenarios.  

 

Figure 3.15  Cooling energy demand intensity (kWh/m
2

a) at  zone level for each climate file. 

The zones that have a CEDI lower than the Passive House  Institute  requirement ( 15 

kWh/m
2

a) are shown as blue. The zones that exceed 15  kWh/m
2

a are co lour coded in 

different shades of orange . A darker orange indicates a hi gher CEDI.  

Figure 3.16  shows the peak cooling load of the space (W/m
2

) at the  zone level. The layout 

of the floor plate is shown, with colour coding used to il lustrate t he variation in peak 

cooling load. The figure also shows the peak cooling load for the whole building for the 

different climate scenarios.  
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Figure 3.16  Peak cooling load (W/m
2

) at zone level for e ach climate scenario. A darker 

shade of orange indicates a higher peak cooling load. Note that the peak cooling load does 

not account for system efficiency.  

The baseline results show that the south -west  and south -east facing corner suite s are the 

zone s wi th the highest peak cooling load and cooling demand  for all four  climate files. 

This is due to the higher exposure to solar radiation which results in higher heat  gains to 

the space compared to less sun exposed orientations.  

The results sh own in Figure 3.15  and Figure 3.16  are summarized  in Table  3.16 .  

TABLE 3.16   SUMMARY OF BASELINE THERMAL COMFORT RESULTS FOR THE HIGH 

RISE NEW BUILDING  

 
CWEC 2016 

RCP-8.5  

2020s  

RCP-8.5  

2050s  

RCP-8.5  

2080s  

Highest CEDI  (kWh/m²a)  10 16  32  38  

Suite with highest CEDI  South -west facing corner suite (tower) on first floor  

Building peak cooling 

load
1

 (W/m²)  
27 29  29  29  

Highest peak cooling 

load
1

 (W/m²)  
50  54  55  58  

Suite with highest peak 

cooling load  
South -west  facing corner  unit  (townhouse)  

1

Peak cooling load of the space (doe s not accounts for system efficiency), see Table 2.5 for full description. The 

building peak c ooling load is the peak load for the whole building, whereas the highest peak cooling load is the 

highest peak cooling load see n on suite  level.  
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Energy and Emiss ion Analysis   

Figure 3.17  summarizes the annual TEUI, TEDI, and CEDI  for the high rise new building 

baseline. Recall that the high ris e new building baseline archetype is designed to meet 

Step 2 of the BC ESC . The grey dashed line illustrates the Step 2 TEUI target (130 

kWh/m
2

a) and the red dashed line illustrates the TEDI target (45  kWh/m
2

a). There is 

currently no target for cooling energy demand within the BC ESC.  

 

Figure 3.17  Annu al total energy use intensity (TEUI), thermal energy demand intensity 

(TEDI) results and cooli ng energy demand intensity (CEDI) for the high rise new building 

baseline. The grey dashed line shows the Step 2 TEUI target (130 kWh/m
2

a), and the red 

dashed lin e shows the Step 2 TEDI target (45 kWh/m
2

a). 

Table 3.17  summarizes th e energy and emission metrics for the high rise new building 

baseline. As shown, TEDI decrease s as the climate gets warmer , and CEDI increase s. Based 

on the RCP-2080s climate file, the high rise new building baseline switches from heating - 

to cooling - domi nated. The switch from heating to cooling dominated results in an overall 

decrease in TEUI, due to the higher efficiency equipment used for coo ling compared to 

heating.   

TABLE 3.17  HIGH RISE NEW BUILDING BASELINE (STEP 2) RESULTS  

 
CWEC 2016 

RCP-8.5 

2020s  

RCP-8.5 

2050s  

RCP-8.5 

2080s  

TEUI (kWh/m²a)  123  118  11 9 110  

TEDI (kWh/m²a)  36  30  27  18  

CEDI (kWh/m²a)  4 8 20  24  

TEDI + CEDI (kWh/m²a)  40  38  47  42  

Peak heating demand
1

 (W/m²)  29  29  29  28  

Peak cooling dema nd
1

 (W/m²)  6 6 6 6 

GHGI
2

 ð Current (kgCO 2e/m²a)  14  13  12  10  

GHGI
2

 ð Future (kgCO 2e/m²a)  6 5 5 4 

1

Peak heating/cooling demand on grid (accounts for system effic iency), see Table 2.5 for full description.  

2

The GHGI is calculated with the current emission  factor (GHGI ð Current) for the UBC district energy system as well 

as the emission factor for the future district energy system (GHGI ð Future) that is planned t o consist of 60% 

renewable energy by 2024. 
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3.2.2  Climate Adaptation  + Mitigation Measures  

This sect ion summarizes the results for the individual CAMM analysis  for the high rise 

new building baseline. A detailed description of each CAMM is provided in Appendix B .  

Thermal Comfort Analysis   

Figure 3.18  shows the  annual CEDI at the  building level for the baseline archetype and 

each CAMM, based on the RCP 8.5-2050s climate file. While there is currently no CE DI 

target established in the BC ES C, an indicator line for the Passive House Institute (PHI) 

cooling energy demand intensity cri teria (15 kWh/m²a) is included as a theoretical 

reference point. The black dashed line represents the baseline results.  

As seen in Figure 3.18 , operable  exterior  shading  shows the highest reduction in CEDI , 

followed  by dynamic glazing and fixed shading . These measures alone meet the PHI 

cooling energy target of 15 kWh/m²a, for the Step 2 baseline.  

  

Figure 3.18  Building annual cooling energy demand intensity for the h igh rise new 

building baseline archet ype and individual climate adaptation measures, modelled with 

the RCP-8.5 2050s climate file.  The red dashed line indicates f or the PHI cooling energy 

demand criteria (15 kWh/m²a), and the black dashed line presents the  baseline results.  
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Costing Analysis   

Figure 3.19  shows the cost analysis results for the individual CAMMs. T he incremental 

cost compare d to the baseline is presented together with the results from the CEDI 

analysis (shown in the previous section). The red lines show the average incremental cost 

($/m
2

) and range at the building level. Appendix C provides additional  costing data.  

 

 

Figure 3.19  The red lines show the incremental cost ( $/m
2

) on building level, the error 

bars show the high and low cost. T he number of overheated hours is shown for the 

warmest suite based o n RCP-8.5 2050s climate f il e 

Similar to the low rise new building, the reduced WWR measure results in a negative 

increm ental cost, meaning that the CAMM reduces the capital cost of the project. The 

reduced SHGC measure shows no incremental cost. Designing for reduced WWR and SHGC 

are both strategies that reduce the cooling energy demand with either a negligible or 

positive  impact on incremental cost.  However, both strategies may reduce winter solar 

gains and increase thermal energy demand, and as such, each strategy must be evaluat ed 

within the context of a specific project and its other performance metrics.  
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3.2.3  CAMM Bundles  

Based on the results from the analysis of the individual climate measures, bundles of 

CAMMs were selected  following the approach described in Section  2.3.1 .   

For the new building archetypes, the bundles were designed to comply with BC ESC Step 3 

and Step 4, to further understand how high er step archetypes may perform in a future 

climate. Table 3.18  summarizes th e adjustment s that were made to the high rise new 

building baseline (Step 2) to meet the Step 3 and Step 4 targets.   

 

TABLE 3.18  ADJUSTMENTS FOR HIGH RISE NEW BUILDING STEP 3 AND STEP 4 

ARCHETYPES 

 Descripti on  

Step 3  Ą Improved window thermal performance (USI -1.8)  

Step 4  

Ą Improved window thermal perf ormance (USI -1.14)  

Ą Improved wall thermal performance to (R eff-15.6)  

Figure 3.20  shows TEDI and CEDI for the high rise new building basel ine (Step 2), Step 3 

and Step 4 . TEUI is summarize d in  Table 3.19 . Th ough there is a significant difference in 

TEDI between the archetypes, there is a minor difference in CEDI.  Note that the switch 

from TEDI - to CEDI-dominated occu rs under the 2050s scenario for the Step 4 archetype, 

but  not until  the 2080s scenario for the  Step 2 and Step 3 archetypes.  

 

Figure 3.20  TEDI and CEDI for the baseline (Step 2) archetype and bundle baselin es (Step 

3 and Step 4), the blue and green dashed line show the TEDI target for Step 3 (30 

kWh/m
2

a) and Step 4  (15 kWh/m
2

a), respectively.  
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TABLE 3.19  TOTAL ENERGY USE INTENSITY (TEUI) IN KWH/ M2/A  

 
CWEC 2016  

RCP-8.5  

2020s  

RCP-8.5  

2050s  

RCP-8.5  

2080s  

Baseline (Step 2)  123  118  118  110  

Step 3  116  112  113  106  

Step 4  97  96  98  96  

The modelled bundles for the Step 3 and Step 4 high rise new building archetype s are 

summarized  in Table 3.20 . Since the high rise new building includes mechanical cooling 

in the baseline, the bu ndles focus on passive measures to reduce the cooling  energy 

demand and improve resiliency . The measures  are described in further detail in Appendix  

B.  

Even thou gh fixed shading shows a higher average incremental cost and lower reduction 

in CEDI compared to the operable shading, fixed shading has other benefits (as discussed 

in  Section 3.1.3 ) and is therefore included in the bundle anal ysis.  

TABLE 3.20  MODELLED BUNDLES FOR HIGH RISE NEW BUILDING ARCHETYPE 

 Description  

Bundle 1  ð 

Passive 

Ą Reduced window to wall ratio to 30%   

Ą Fixed shading  

Ą Reduced SHGC to 0.28 (from 0.36)  

Bundle 2  ð 

Passive  

Ą Operable shading   

Ą Reduced SHGC to 0.28 (from 0.36)  

Step 3  

Thermal Comfort Analysis  

Figure 3.21  shows CEDI for the warmest suite  for the Step 3 high rise new building 

baseline and bundle archetypes . The effect of the bundles on the annual cooling energy 

demand on building level is discus sed in the next section. Table 3.21  summarizes results 

shown in Figure 3.21 .  
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Figure 3.21  Cooling energy demand intensity (kWh/m
2

a) for the warmest suite for the Step 

3 baseline and modelled bundles, for  RCP-8.5 2020s and 2050s climate files .  

 

TABLE 3.21  CEDI FOR THE WARMEST SUITE FOR THE STEP 3 BASELINE AND BUNDLES 

 Baseline Bundle 1  Bundle 2  

RCP-8.5 2020s  19 10  9 

RCP-8.5 2050s  38 25  23  

Table 3.22  summarizes  peak cooling load at the suite level , based on the RCP-8.5 2050s  

climate file. The results show that the passive measures significantly  reduce the CEDI a nd 

peak cooling load for the  fully mechanical ly cooled high rise new building archetype.  

TABLE 3.22  PEAK COOLING LOAD AT SUITE LEVEL FOR THE STEP 3 BASELINE AND 

BUNDLES BASED ON RCP-8.5 20 50S CLIMATE FILE   

 Baseline Bundle 1  Bundle 2  

Highest peak 

cooling load (W/m²)  
54  49  44  

Energy and Emission Analysis   

Figure 3.22  shows t he TEDI and CEDI  at the building level  for the Step 3  baseline and 

bundle archetypes , based on  the RCP-8.5 2020s, 2050s and 2080s climate files. The red 

dashed line illustrates the Step  3 TEDI target, and the orange dashed line indicates the P HI 

cooling en ergy demand limit for reference.  

0 10 20 30 40

Baseline

Bundle 1: Reduced WWR + Fixed Shading

+ Reduced SHGC

Bundle 2: Operable Shading + Reduced

SHGC

Cooling Energy Demand Intensity (kWh/m
2
a)

RCP 8.5

2050s

RCP 8.5

2020s

Baseline (Step 3)

Bundle 1: Reduced WWR + Reduced 

SHGC + Fixed shading

Bundle 2: Reduced SHGC + 

Operable shading



________                         New Building High Rise ð CAMM Bundles Step 3  

 

Page 58  RDH Building Science Inc.  21007.000  

 

 

Figure 3.22  TEDI and CEDI results for the Step 3 high rise new building baseline and 

bundle archetyp es based on RCP-8.5 2020s, 2050s, and 2080s climate files. The red 

dash ed line illustrates the Step 3 TEDI target (30 kWh/m
2

a), and the orange dashed line 

illustrate s a theoretical reference CEDI target (15 kWh/m
2

a) 

 

Table 3.23  summarizes the energy and GHG results at the whole building level for the 

Step 3 baseline and bundles, based on the RCP -8.5 2050s climate file. The results show 

that in corporating passive cooling measures are a desirable strategy for reducing the CEDI 

and mitigating peak cooling demand .  

TABLE 3.23  ENERGY AND GHG RESULTS FOR STEP 3 BASELINE AND BUNDLES BASED 

ON RCP-8.5 2050 CLIMATE FILE 

 
Baseline Bundle 1  Bundle 2  

TEUI (kWh/m²a)  113  112  113  

TEDI (kWh/m²a)  22  25  24  

CEDI (kWh/m²a)  20  15  15  

TEDI + CEDI (kWh/m²a)  42  40  39  

Peak heat ing demand
1

 

(W/m²)  
26  26  26  

Peak cooling demand
1

 

(W/m²)  
6 5 4 

GHGI
2

 (kgCO 2e/m²a)  5 5 5 

1

Peak heating/cooling demand on grid (accounts for system efficiency), see Table 2.5 for full description.  

2

The GHGI is calculated with the emission factor for the f uture UBC district energy system that is planned to consist 

of 60% renewable energy by 2024 .  
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Costing Analysis  

This section summarizes the costing analysis of the Step 3 high rise new building 

bundles, including the incremental capital cost ($/m²) and ann ual energy cost ($/m²). 

Additional costing details are  provided in Appendix C.  

Figure 3.23  shows the incremental cost on building level for the Step 3 bundles. The 

incremental cost is shown together with the number of overheated h ours based on the 

RCP-8.5 205 0s climate file. The error bars illustrate the high and low bundl e cost.  

Figure 3.24  shows the annual energy cost for the Step 3 baseline and bundles. Table 3.24  

summarizes the  energy cost savings compared to the baseline.  

 

  

Figure 3.23  Incremental cost ($/m²) for the S tep 3 bundles shown together with the 

number of overheated hours based on RCP -8.5 2050s climate file. The error bars show the 

high and low incremental bundle cost.  

 

 

Figure 3.24  Annual energy cost ($/m²) fo r the Step 3 baseline and bundles  
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TABLE 3.24  ENERGY COST SAVINGS COMPARED TO THE BASELINE (STEP 3) 

 Bundle 1  Bundle 2  

Energy Cost Savings (%)  4% 1% 

The i ncremental cost of Bundle 1 and Bundle 2 are comparable. Even though a reduced 

window to wall ratio is shown to have a negative incremental cost and the reduced S HGC 

measure shows no incremental cost (see Figure 3.19 ), Bundle 1 is shown to have a slightly 

higher average incremental cost compared to Bundle 2. This is due to the higher expected 

incremental cost for fixed exter ior shading compared to op erable exterior shading. If a 

reduction in window to wall ratio and SHGC instead would be bundled with operable 

shading, the incremental cost would likely be lower than Bundle 2, and the reduction in 

CEDI would be slightly higher (based on the results show n in Section 3.2.2 ).  

Both  bundles result in a small decrease in annual energy cost , due to the reduction in 

cooling energy use.  
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Step 4  

Thermal Comfort Analysis  

Figure 3.25  shows the CEDI at the warmest suite  for the Step 4 high rise new building 

baseline and bundle archetypes. Table 3.25  summarizes results shown in Figure 3.25 . 

 

 

Figure 3.25  Cooling energy dem and intensity (kWh/m
2

a) for the warmest suite for the Step 

4 baseline and modelled bundles, modelled with RCP -8.5 2020s and 2050s climate files  

 

TABLE 3.25  CEDI FOR THE WARMEST SUITE FOR THE STEP 4 BASELINE AND BUNDLES 

 Baseline Bundle 1  Bundle 2  

RCP-8.5 2020s  17 4 3 

RCP-8.5 2050s  33 14  13  

Table 3.26  summarizes the  peak cooling load on suit e level based on the RCP-8.5  2050s  

climate file , t hough the peak cooling load at the  zone leve l is the same for the Step 3 and 

Step 4 archetypes  ð both show significant peak load reductions for Bundle 1 and 2 . The 

Step 4 baseline archetype has a lower CEDI  compared to the Step 3 baseline archetype , 

and the Step 4 passive bundles lead to a more dram atic decrease than the Step 3 

archetype.  

 

 

 


























































































