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Executive Summary

DEI Consulting Engineers was retained by 360 Pacifica Capital Corporation to complete an Energy Strategy
Study for a new residential building located at 1 Dunbar Road N in Waterloo. The intent of this Study is to
develop an Energy Strategy as required by the zoning by-law amendment for the proposed site. The energy
strategy will evaluate various energy conservation measures (ECMs) required to achieve the targets of a high-
performance scenario and a Net-Zero Ready (NZR) performance scenario.

The targets for the high-performance scenario are 30% reduction in Total Energy Use Intensity (TEUI),
Thermal Energy Demand Intensity (TEDI) and at least 50% reduction in Greenhouse Gas Emissions Intensity
(GHGI), all relative to the Ontario Building Code (OBC) SB-10 baseline. NZR performance targets are at least
60% reduction in TEUI, TEDI and at least 90% reduction in GHGI, all relative to the baseline. The path followed
for this analysis is NECB 2015 Division B part 8 as modified by OBC SB-10(2017) Division 3.

The architectural design intent for this building includes a few intentional energy efficient design elements.
Firstly, the building form has been designed to reduce total perimeter walls, by maintaining straight wall
elements and eliminating recessed balconies. This design improves the heat loss form factor and reduces
overall energy consumption by reducing perimeter wall area. Secondly, the balcony system proposed for the
site is a glide-on prefabricated system, which greatly reduces thermal bridging often seen in conventional
construction.

A code minimum baseline energy model was made to analyze the strategies that can reduce the energy use
intensity, annual emissions, and potential energy costs of the baseline model. The energy model consists of
a 10-storey multi-unit residential building with 158 suites, 2 parking levels, and one amenity room. This
energy model was created using IESVE.

A baseline model uses the OBC SB-10 building envelope thermal characteristics requirements. The
Fenestration and Door area to gross Wall Ratio of the building is 0.387. The mechanical plant consists of a 4-
pipe fan coil system which utilizes SB-10 compliant condensing boilers and chillers for heating and cooling,
respectively. Multiple changes were made to the building envelope and the mechanical systems of the
baseline model, and the resulting building energy performance was compared against the baseline.

The TEUI and TEDI of the baseline model were 230.2 kWh/m?and 101.1 kWh/m?, respectively. The GHGI of
the baseline model was 34.19 kg CO,e/m?. After making changes to the building envelope and the mechanical
system, the high-performance building scenario had a 40.4% reduction in TEUI, 36.9% reduction in TEDI and
54.7% reduction in GHGI from the baseline model. For the NZR performance scenario, there was 70.3%
reduction in TEUI, 64.6% reduction in TEDI and 90.0% reduction in GHGI from the baseline model. Various
ECMs used to achieve these improvements are outlined in this report.

Regards,

NAULL

Ann Demaiter, P.Eng.
Partner
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1.0 Introduction

The purpose of this report is to explore how different approaches to energy efficiency can impact the
proposed new development. Energy analysis of a building code baseline model was completed, and the
impact of various Energy Conservation Measures (ECMs) was compared against the baseline. A combination
of different ECMs was used to achieve a High-Performance building scenario and a NZR Performance
scenario. This has resulted in a proposed building model with a considerably lower annual energy
consumption and demand. The targets for the high-performance scenario are at least 30% reduction in TEUI,
TEDI and at least 50% reduction in GHGI, all relative to the Ontario Building Code (OBC) SB-10 baseline. NZR
performance targets are at least 60% reduction in TEUI, TEDI and at least 90% reduction in GHGI, all relative
to the baseline.

The energy model consists of a 10-storey Multi-unit Residential Building (MURB) with 158 suites, 2 parking
levels, and one amenity room. A baseline model uses the OBC SB-10 building envelope thermal
characteristics requirements. The Fenestration and Door area to gross Wall Ratio of the building is assumed
to be 0.387 (which is the maximum allowable FDWR for Waterloo under NECB prescriptive method).

The baseline mechanical plant consists of a 4-pipe fan coil system which utilizes SB-10 compliant condensing
boilers and chillers for heating and cooling, respectively. The domestic hot water is provided by gas fired
condensing boilers. A gas fired rooftop make up air unit with DX cooling supplies outdoor air to building
corridors at the rate of 30 CFM/door. Space heating for stairwells, vestibules, storage rooms, etc. is provided
by hydronic heaters. The building uses NECB 2015 default loads and profiles for domestic hot water and
lighting power density.

Multiple changes were made to the building envelope and the mechanical system of the baseline model to

create the proposed models. The impact of each change on the annual energy consumption is analyzed in
this report.

N
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2.0 3D Model

Figure 2-1 represents the 3D rendering of the building. It is a 10-storey MURB with 158 suites, 2 parking
levels, and one amenity room.

Figure 2-1 — Proposed Building 3D Rendering

h
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3.0 Assumptions and Data

To calculate the annual energy consumption, thermal energy demand and annual emissions of the baseline
building, and emissions for different upgrades, following assumptions were used:

3.1 Fenestration and Door area to gross Wall Ratio (FDWR)

As per NECB 2015 prescriptive method, the maximum FDWR ratio for a building in Waterloo is 0.387. Since
the building envelope design for this project is still in the preliminary stages, the baseline building energy
model has been constructed with FDWR of 0.387.

3.2 Baseline Building Mechanical System

Under the NECB 2015 energy modeling requirements, the mechanical system selection for the reference
building model must match the mechanical system of the proposed building. Therefore, if an air source
Variable Refrigerant Flow (VRF) system is selected for the proposed building to meet the Energy Strategy
Report requirements, the corresponding mechanical system of the reference building changes to air source
heat pump system.

Showing carbon and energy savings in this case is near impossible, with an already decarbonized building.
For the purposes of this report, condensing boilers and chillers serving 4-pipe fan coil system were used for
the baseline model to show appropriate savings of building improvements. The proposed model uses an air
source VRF system for heating and cooling.

4.0 Model Inputs

Summary of inputs for the baseline energy model are presented here in Table 4.1.

Table 4.1: Summary of Inputs

h
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5.0 Baseline Model Results

Summary of outputs for the energy model are presented here in Table 5.1. Charts 5.2 and 5.3 represent the
annual and monthly energy breakdown for the baseline model.

Table 5.1: Summary of Outputs

N L
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Chart 5.2: Baseline Building Annual Energy Consumption Breakdown (MWh):
Range: Fri01/Jan to Fri 31/Dec
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Chart 5.3: Baseline Building Monthly Energy Consumption (MWh):
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6.0 High Performance Scenario Energy Conservation Measures

The ECMs for the High-Performance scenario have been specified under three categories:
(i) Building Envelope ECMs
(i) Building Equipment Loads ECMs
(iii) Active System ECMs

6.1 Building Envelope & Orientation ECMs:

The building envelope design for this project is still in the preliminary stages. It is anticipated that a typical
precast wall assembly will be used. The layout of the building on the site doesn’t lend itself well to
adjustments in orientation. As this is a MURB, windows for occupants are required throughout. As such,
rotation of the building was not considered as an ECM.

The nature of energy modelling is to compare a baseline building to a proposed with the same building
geometry. Strategic decisions to simplify the building form to reduce the amount of exterior walls and heat
loss is not quantified through an energy model as a comparative improvement, but does result in an overall
reduction in the amount of energy the building consumes when compared to other similar buildings.

Figure 2 below illustrates how geometry of a building can impact its overall thermal efficiency. By designing
this building to reduce the number of recesses required for balconies (and subsequent increase in total
exterior wall surface area), the overall efficiency of the building is greatly improved.

Heat Loss Form Factor and Surface to Volume Examples

15m 15m 15m 15m
Heated Floor Area (A )*: 168.75 m? Heated Floor Area (A, )*: 506.25 m* Heated Floor Area (A )*: 390 m?
Envelope Area (A 630 m? Envelope Area (Ak 990 m* Envelope Area (A,) 892 m*
Volume (V): 675 m? Volume (V]: 2,025 m* Volume (V): 1,560 m?
Heat Loss Form Factor(A_/A): 3.73 Heat Loss Form Factor(A_/A, ). 1.96 Heat Loss Form Factor(A_/A, ). 2.29
Surface to Volume Ratio( 0.93 1/m Surface to Volume Ratio 0.49 1/m Surface to Volume Ratio 0.57 1/m
9m’
- - A
10m 10m 10m 10m
10m 10m 10m au \8m
sm

Heated Floor Area (A, )*: 675 m? Heated Floor Area (A, )": 562.5 m? Heated Floor Area (A, )*: 562.5 m?
Envelope Area (A): 1.320 m? Envelope Area (A ) 1,230 m? Envelope Area (A): 1,004.65 m?
Volume (V): 2,700 m? Volume (Vi 2,250 m? Volume (V): 2,250 m?
Heat Loss Form Factor(A_/A,,): 1.96 Heat Loss Form Facton(A_/A,,): 2.19 Heat Loss Form Factor{A_/A,,): 1.79
Surface to Volume Ratiol, : 0.49 1/m Surface to Volume Ratiof : 0.551/m Surface to Volume Ratio(A_/V): 0.45 1/m

o AgiliCity” 2019

*A, .= 75% Gross Floor Area

Figure 2: Heat Loss Form Factor

h
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The following upgrades were made to the building envelope components of the baseline model to achieve
High Performance Scenario Targets:

6.1.1 FDWR: The FDWR of the proposed building was reduced by 5% from 0.387 to 0.337.

6.1.2 Fenestration: Baseline windows were upgraded to composite framing (u-PVC or fiberglass). w/I.G.
(sputtered twin-coat low e on side #2, 13mm stainless steel WES, side #4 ITO coating, 90% argon gas fill).
Effective thermal performance of USI 1.42 W/m?K and SC of 0.30.

6.1.3 Exterior Opaque Wall: Precast wall assembly with 6-12” of concrete panels, R20 insulation, 1.5” of steel
studs at 16” on center and 0.5” gypsum board as shown in Figure 6.1.3.1 was used as the exterior wall
assembly.

For overall thermal transmittance and thermal bridging calculations, following wall assemblies’ details from
the Building Envelope Thermal Bridging Guide V1.6 were used:

e Glide-on prefabricated balconies with sapphire G60 anchors with point transmittance of 0.395
Btu/hr.°Ft

* |nsulation at intermediate floor intersection with linear transmittance of 0.218 Btu/hr.ft°F (See
Appendix Al1.2)

* Glazing interface junction aligned with wall insulation with linear transmittance of 0.038 Btu/hr.ft.°F
(See Appendix A1.3)

e Parapet and roof intersection with thermal break under parapet stud cavity; linear transmittance
0.227 Btu/ hr.ft.°F (See Appendix A1.4)

Y05
Ty

/

914 3]

Fig 6.1.3.1 Exterior Wall Assembly

The resulting overall wall assembly thermal transmittance is R11.2 (See Appendix Al1.1).

6.2 Building Equipment Loads ECMs: The building equipment loads from appliances and plumbing
fixtures can account for a large percentage of the annual energy usage.

The following upgrades were made to the building equipment loads of the baseline model to achieve High
Performance Scenario Targets:

6.2.1 LED Lighting: High-efficiency LED lighting resulting in 30% reduction in lighting power density from code
is used in the upgraded model.

6.2.2 Ultra-low flow fixtures: Ultra-low flow water fixtures with flow rates of 5.5 LPM for shower faucets,
1.9 LPM for lavatory faucets and 4.5 LPM for Kitchen faucets are used for the upgraded model. To calculate

N
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the reduction in DHW load, the LEED BD+C v4 Indoor Water Use reduction methodology was used. This
resulted in 52.55% reduction in DHW load in the suites for the upgraded model. (See Appendix B1.1)

6.3 Active System ECMs: The active system of the building can have the most impact when it comes to
implementing decarbonization strategies.

The following upgrades were made to the active systems of the baseline model to achieve High Performance
Scenario Targets:

6.3.1 Air Source VRF system: The gas consumption for space heating in suites and commercial units is
eliminated by switching the mechanical system for the baseline building from 4-pipe fan coil to air source
VRF heat recovery heat pump system with backup electric heat. Each residential floor has its own outdoor
unit paired to local in-suite fan coils.

6.3.2 Energy Recovery Ventilators (ERVs): In-suite ERVs with sensible effectiveness of 70% were used.

6.3.4 Domestic Hot Water Heaters: High efficiency gas fired water heaters with 96% thermal efficiency (up
from 90%) were used.

7.0 Net Zero Ready Scenario Energy Conservation Measures

The ECMs for the NZR scenario have been specified under three categories:
(i) Building Envelope ECMs
(ii) Building Equipment Loads ECMs
(iii) Active System ECMs

7.1 Building Envelope ECMs: In addition to ECMs mentioned in Section 6.1, following upgrades were made
to the building envelope components of the baseline model to achieve NZR Performance Scenario Targets:

7.1.1 Fenestration: Baseline windows were upgraded to composite framing (u-PVC or fiberglass), triple
glazing (sputtered twin-coat low e on side #2 and #5, 13mm stainless steel WES, 90% argon gas fill). Effective
thermal performance of USI 1.05 W/m?K and SC of 0.30.

7.1.2 Roof: To meet the high-performance targets, the overall roof insulation was increased to R50.

7.1.3 Exterior Opaque Wall: Highly insulated precast concrete sandwich panel wall assembly with R40
continuous insulation, 3.5” of steel studs at 16” on center and 0.5” gypsum board as shown in Figure 7.1.3.1
was used as the exterior wall assembly to have a better overall opaque wall thermal performance.

For overall thermal transmittance and thermal bridging calculations, following wall assemblies’ details from
the Building Envelope Thermal Bridging Guide V1.6 were used:

e Glide-on prefabricated balconies with sapphire G60 anchors with point transmittance of 0.395
Btu/hr.°Fl1

* Highly insulation intermediate floor intersection with linear transmittance of 0.004 Btu/hr.ft°F (See
Appendix A2.2)

* Glazing interface junction aligned with wall insulation with linear transmittance of 0.008 Btu/hr.ft.°F
(See Appendix A2.3)

* Roof to wall insulation with wood-framed parapet with linear transmittance 0.003 Btu/ hr.ft.°F (See

Appendix A2.4)
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Fig 7.1.3.1 Exterior Wall Assembly

The resulting overall wall assembly thermal transmittance is R33.7 (See Appendix A2.1).

7.1.4 Infiltration: The building infiltration through the envelope for the baseline model was reduced by 20%
from code to 0.0394 CFM/ft? of exterior wall area, down from 0.0492 CFM/ft2.

7.2 Building loads ECMs: In addition to ECMs mentioned in Section 6.2, following upgrades were made to
the building equipment loads of the baseline model to achieve NZR Performance Scenario Targets:

7.2.1 LED Lighting: High-efficiency LED lighting resulting in 50% reduction in lighting power density from code
is used in the NZR model.

7.2.2 EnergyStar Appliances: EnergyStar rated appliances are provided in all suites, reducing the plug loads
by 20%.

7.3 Active systems ECMs: In addition to ECMs mentioned in Section 6.3, following upgrades were made
to the active systems of the baseline model to achieve NZR Performance Scenario Targets:

7.3.1 On-site Renewables: To offset the electric energy demand, potential for rooftop solar photovoltaic
(PV) panels and Building-integrated photovoltaics (BIPV) on south facing facade was considered. To meet the
NZR performance, PV system generating at least 192 MWh annually is required. A combination of rooftop
PV and BIPV balcony glass is necessary to achieve this target.

7.3.2 Energy Recovery Ventilators (ERVs): In-suite ERVs were upgraded with sensible effectiveness of 80%.

7.3.3 ASHP MUA: Gas fired MUA was replaced with Air Source Heat Pumps (ASHP) with electric backup.

7.3.4 Hybrid Heat Pump Water Heaters: The gas fired water heaters were replaced with hybrid electric heat
pump water heaters.

7.3.3 MUA airflow: Corridor Pressurization ventilation rate of 30 CFM/suite is reduced to 15 CFM/suite.

7.3.5 Unit Heaters: The hydronic heaters serving stairwells, vestibules, storage rooms, etc. were replaced
with electric unit heaters.
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8.0 Embodied Carbon

While the emissions associated with the operational energy consumption of a building are typically
discussed, the emissions released during the lifecycle of building materials including extraction,
transportation, manufacturing, construction, and disposal are often overlooked. A typical high-rise building
has a bigger carbon footprint than mid or low-sized buildings due to its construction materials 2.

It is found that the carbon emission of a standard residential apartment is 669 kg CO,e/m? of floor area. Using
precast concrete panels can lead to carbon emissions reduction of 10% E!. Precast concrete panels have an
advantage over Cast in Place (CIP) assemblies as they use less concrete due to their design with center line
holes/air space. The exterior wall assembly for the proposed building uses precast panels which give them
an edge over the CIP construction in terms of embodied carbon.

No changes in the building construction are proposed in this report. It is an efficient system for a 10-storey
non-combustible MURB application.

9.0 Resiliency

The building is expected to require a fire pump and associated emergency generator. Under OBC, this
generator will also provide back-up power to smoke control systems & life safety, and emergency lighting.

As a good engineering practice, it will also power sump pumps and domestic water booster pumps. This will
maintain potable water for residents.

Low Fenestration and Door area to gross Wall Ratio (FDWR) and the high concrete mass of the building will
increase resiliency by maintaining building temperature for a prolonged period in case of an emergency.

Due to the nature of air source VRF systems containing multiple smaller systems with high electrical loads, it
is not practical to place heating and cooling systems on emergency power.

N
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10.0 Models Inputs

Summary of inputs for all energy models are presented here in Table 10.1.

Table 10.1: Summary of Inputs

N L
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11.0 Proposed Models Outputs

Summary of outputs for the energy models are presented here in Table 11.1. Charts 11.2 and 11.3 represent
the annual and monthly energy breakdown for the High-Performance proposed model. Charts 11.4 and 11.5
represent the annual and monthly energy breakdown for the NZR proposed model.

Table 11.1: Summary of Outputs

h
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Chart 11.2: High-Performance Proposed Building Annual Energy Consumption Breakdown (MWHh):
Range: Fri01/Jan to Fri 31/Dec
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Chart 11.3: High-Performance Proposed Building Monthly Energy Consumption (MWh):

Range: Fri 01/Jan to Fri 31/Dec
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Chart 11.4: NZR Proposed Building Annual Energy Consumption Breakdown (MWh):
Range: Fri01lJan to Fri 31/Dec
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Chart 11.5: NZR Proposed Building Monthly Energy Consumption (MWh):

Range: Fri 01/Jan to Fri 31/Dec
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12.0 Conclusion & Recommendations

Passive design measures of reducing FDWR by 5%, using double/triple glazed fiberglass windows, upgrading
roof insulation to R50, and using highly insulated wall assemblies with thermal breaks at major building
junctions and penetrations to mitigate the effect of thermal bridging reduce the thermal energy demand and
consumption of the proposed building.

Active design measures of using air source VRFs, In-suite energy recovery ventilators, reduced corridor
pressurization, ASHP MUA units, heat pump water heaters, high efficiency condensing boilers, LED lighting,
and ultra-low flow water fixtures reduce/eliminate the natural gas consumption and thermal energy demand
whilst increasing the efficiency of mechanical systems. Using precast panels over CIP design helps proposed
building to reduce its embodied carbon.

By comparing the baseline energy model with the upgraded models, the high-performance building scenario
had a 40.4% reduction in TEUI, 36.9% reduction in TEDI and 54.7% reduction in GHGI from the baseline
model. For the NZR performance scenario, there was 70.3% reduction in TEUI, 64.6% reduction in TEDI and
90.0% reduction in GHGI from the baseline model.

Chart 12.1: Baseline and Proposed building comparison:
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Appendix A — Thermal Bridging Analysis

Appendix A1.1: Effective thermal performance of opaque wall (from BETBG thermal performance spreadsheet)

Clear Field Area Method Overall Opaque Wall Thermal Performance Values
Select Area Calculation . - P % Below
(Choase One) Area Units Base Building Proposed Building Baseline
Sum of Active Clear Field : Opagque U-Value Opagque U-Value
39619.00 it o o 0.089
Arecs [Default] (BTU/hr f* °F) (BTU/hr #* °F)
X Effective R-Value Effective R-Value 1.2
© User Defined Area (hrﬂ’"F/BTU) - “"ﬂzon'BTU) P
Proposed Building Entries Totals 3535.7 100%
) Area, Length "
Add/Remove Detail WErErliEEz Include Transmittance Description or Amount | Units Lon=oioncs Units Source s ||SAEs e
Type Value Reference | (BTU/hr°F) Flow
Takeoff
Add Cleor Field Clear Field ¥ |Exterior Wall 39619.00 2 0.043 BITU/ b fi2 °F 1703.6 48%
Remove Clear Field Clear Field
Remove Clear Field Clear Field
Add Linear Inferface Detail L'”EC’I;:;TQCE ¥ |Slab Bypass 4546.00 ft 0.218 BTU/ hr ft °F BETTBZG;W'B 991.0 28%
Remove Linear Interface Detail u”“’[’);jroce ¥ |Glazing Interface Junction 11674.00 # 0,038 Brushrtor | SRS g 13%
T (AT (T T L'”ec'[');:r“e ¥ |Parapet 1100.00 # 0.227 B/ heiter | O 2ae7 7%
Add Paint Interiace Detail F”i”g"zer‘m“a %  |Balcony connections ‘ 374 ‘ # ‘ 0.395 ‘ BTU/ hr °F | Sepehve 1477 | 4%
tai slocries
Appendix A1.2: Intermediate floor linear transmittance
Appendix B: Catalogue Thermal Data Sheets BUILDING ENVELOPE THERMAL BRIDGING GUIDE v1.6
Deta | | 7 2 7 Precast Wall Assembly with 3 5/8” x 1 5/8" Steel Stud (16" o.c) and
M .

Rigid Insulation Outboard of Studs — Intermediate Floor Intersection

Thermal Performance Indicators

Assembly 1D R Nominal thermal resistance of
' (Nominal) R-Value © | wall
Transmittance / U “clear wall” U- and R-value,
997 | Resistance without R°’ without slab and anchor
550 | Anomaly ° | connections
a7 | Transmittance / U, | U- and R-values for overall
) . Resistance R | assembly
Surface T 0 = exterior temperature
T | Temperature Index’ ! 1 = interior temperature
“N Linear Incremental increase in
2 Transmittance v | transmittance per linear length
e of slab

'Assumptions and limitations for surface temperatures identified in
— ASHRAE 1365-RP

Tl Ane
Nominal (1D) vs. Assembly Performance Indicators
Base Assembly — Wall

Rip R, U,
ft2-hr-°F / Btu ft2-hr-°F / Btu Btu/ft? -hr -°F
(M2 K /W) (m2 K / W) (W/m2 K)

R-13.0 (2.29) | R-12.9 (2.26) | 0.078 (0.44)

Slab Linear Transmittance?

R U v
ft2-hr-°F / Btu Btu/ft? -hr -°F Btu/ft hr °F
(M2 K /W) (W/m? K) (W/m K)

R-9.1 (1.60) 0.110 (0.63) |0.218 (0.377)

N
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Appendix A1.3: Glazing Interface Junction linear transmittance

Appendix B: Catalogue Thermal Data Sheets

BUILDING ENVELOPE THERMAL BRIDGING GUIDE v1.6

Detail 7.3.11

Interior Insulated Concrete Mass Wall with 1 5/8” x 1 5/8” Steel Studs
(16" o.c.) Supporting Interior Finish — Window & Projected Slab
Intersection — Plywood Liner and Glazing Aligned with Wall
Insulation

Scenario
] Sill Shim
Scenario Insulation
A B None
C,D Yes

Thermal Performance Indicators

Assembly 1D R R-2.9 (0.51 RSI) + interior
(Nominal) R-Value % | insulation
. U and R-values for:
Transmittance / Uy .
X * | t = combined wall + slab +
N Resistance R, window
i Surface T 0 = exterior temperature
. Temperature Index’ " | 1 =interior temperature
40
Incremental increase in
ey | transmittance per linear
- , Wh: | length of:
o Linear Wi | h = head
Transmittance? T
j=jamb
Yo | =sill
g = overall glazing

‘Agsumptions and limitations for surface temperatures identified in

ASHRAE 1365-RP

2For performance of base assembly and slab linear transmittances,

refer to Detail 7.3.3

Nominal (1D) vs. Assembly Performance Indicators
Window Transition Transmittance

i U "
Scenario 1D R-Value ft2-hreF / Btu | Btufft? -.nr oF Btu/ft -hr -°F Btu/ft -hr <F Btu/ft -hr -¢F Btu/ft -hr F
(RSI) (m# K /W) (Wim? K) (W/m K) (W/m K) (W/im K) (W/m K)
A R-10 (1.76) R-3.8 (0.68) | 0.261 (1.48) | 0.052 (0.09) 0.068 (0.118) | 0.044 (0.076) | 0.053 (0.092)
B R-15(2.64) R-4.1(0.72) | 0.246 (1.39) | 0.080(0.139) | 0.061 (0.106) | 0.051(0.088) | 0.062 (0.107)
c R-10 (1.76) R-3.9 (0.69) | 0.255 (1.45) | 0.052 (0.090) | -0.004 (-0.007) | 0.044 (0.076) | 0.033 (0.056)
D R-15 (2.64) R-4.2 (0.73) | 0.240(1.36) | 0.080 (0.139) | -0.023 (-0.040) | 0.051 (0.088) | 0.038 (0.066)

N
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Appendix A1.4: Parapet and Roof Intersection linear transmittance

Appendix B: Catalogue Thermal Data Sheets

BUILDING ENVELOPE THERMAL BRIDGING GUIDE v1.4

Detail 7.5.7

Precast Wall Assembly with 3 5/8" x 1 5/8" Steel Stud (16" o.c) and

Rigid Insulation OQutboard of Studs — Parapet & Roof Intersection with
Thermal Break under Parapet Stud Cavity and At Anchors

Scenario

Thermal Performance Indicators

R-2.8 (0.49 RSI) +
fﬁg;%t:;’; 1F‘.E-)Valu e Rin | Exterior Insulation for
wall
Transmittance / U, | "clear field" U- and R-
X Ry, | values:
Resistance withaut U r = roof
Anomaly R, |w=wal
Transmittance / U, | Uand R-values for
Resistance R | overall assembly
Surface 1 0 = exterior temperature
Temperature Index ! 1 = interior temperature
Linear Incremental increase in
Transmittance Wy transmittance per linear
length of parapet

Soenario

A

Armatherm 500 beneath stud cavity

B

Armmatherm 500 beneath stud cavity, 3/8° FRR at anchors

Nominal (1D} vs. Assembly Performance Indicators

'Assumptions and limitations for surface temperatures identified in
ASHRAE 1385-RP

Base Assembly — Wall Base Assembly - Roof
| Ext;et'l;::r Rio R, U, F‘.ilaof Elx'ijerior R U,
; Sslsjf Q'II'I'J"IQ fi2-hreF { Bty | FZheoF fBtu | Btwit? -hr oF ; Ssrlej.ff E?II}E fE2 hir °F / Biu Bluift? -hr °F
(RS {m2 K 7 W) (M K W) (Wim2 K} (RSI} {m? K { W) (Wim2 K)
R-10 (1.76) | R-12.8 (2.25) | R-12.2 (2.15) | 0.082 (0.47) R-20 (3.52) |R-21.9(3.86)| 0.046 (0.26)
Parapet Linear Transmittance
R u e
Scenario ft2:hroF | Btu BtuftZ -hr -oF Btu/ft hr °F
(m? K W) (Wim? K) {Wim K)
A R-10.6 (1.86) | 0.095 (0.54) | 0.227 (0.393)
B R-10.7 (1.89) | 0.093 (0.53) | 0.125(0.216)

Panel edges {caulked joints betwsen panels) had negligible linear transmitiznce effects so values not presenied

N
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Appendix A2.1: Effective thermal performance of opaque wall (from BETBG thermal performance spreadsheet)

Clear Field Area Method

Overall Opaque Wall Thermal Performance Values

Select Area Calculation . T - % Below
Area Units Base Building Proposed Building .
(Choose One) Baseline
Sum of Active Clear Field 29619.00 o Opagque U-VDulue Opaque U-Vuul"e 0.030
Arecs [Default) (BTU/hr f °F) (BTU/hr #* °F)
Effective R-Value Effective R-Value 337
- .
User Defined Area (hrﬂ’"F/BTU) “"ﬂzon'BTU) .
Proposed Building Entries Totals 1174.5 100%
_ Area, Length B
Add/Remove Detail DERErTiEss Include Transmiltance Description or Amount | Units Ler=oioncs Units Source Secyri (et et
Type Value Reference | (BTU/hr°F) Flow
Takeoff
Add Clear Field Clear Field [ |Exterior Wall 39619.00 £ 0.024 BTU/ hr ft2 °F 934.6 80%
Remove Clear Field Clear Field
Remove Clear Field Clear Field
Add LinearInferface Detail | NSO INferface | g g Bypass 4546.00 ft 0.004 81Uy hritep | PEECUE 16.4 %
Detail ez
Remove Linear Interface Detail L'”Eo[;‘?'?roce ¥ |Glazing Interface Junction 11674.00 # 0.006 81U/ hrtop | POV 700 5%
erqil
Li Interf BETEG v16
Remove Linear Interface Detail | oo 0o0 | @ |Parapet 1100.00 # 0.003 BTU/ br ft °F ¢ 3.7 0%
Detail 7.5.10
Add Point Inferface Defail | O INfeMESe |2 g 1 ony connections ‘ 374 ‘ # 0.395 ‘ BTU/ hr °F ‘ ST ‘ 1477 | 13%

Detail

Baloonies

Appendix A2.2: Intermediate floor linear transmittance
Appendiy B: Catalogue Therma! Data Sheets

BUILDING ENVELOPE THERMAL BRIDGING GUIDE v1.4

Detail 7.2.21

Highly Insulated Precast Concrete Sandwich Panel Wall Assembly
— Intermediate Floor Intersection with Inner Wythe Supported by

Concrete Floor

Thermal Performance Indicators

Assembly 1D R R-2.76 (0.49 RSI) +

(Nominal) R-Value " | insulation

Transmittance / U

Resistance without R‘:" "clear field” U- and R-value

Anomaly “

Transmittance ! J, | U-and R-values for the

Resistance R | overall assembly
Incremental increase in

Linear Transmittance | ¥ transmittance for
intermediate slab

Nominal (1D} vs. Assembly Performance Indicators

N

Base Assembly — Wall
_ Wall Insulation 1D Rio R Us
Wl etanon R-Value fiZ-hr-oF / Btu AhroF /B | Btuft? -hr oF
(RSI) {m? K /W) im? K J W) (W2 K)
5 R-40 (7.04) R-42.8 {7.53) R-42.3 (V.45) | 0.024 (0.134)
=] R-48 (8.45) R-50.8 (5.94) R-50.3 (8.86) | 0.020 (0.113)
7 R-56 (9.86) R-58.8 (10.35) | R-58.3 (10.27) | 0.017 (0.097)
Slab Linear Transmittance
Wall Wall Irllsélulalinn R u w
Insulation F\alua ft=hroF / Btu Btu/ft? -hr °F Btufft-hr-oF
R-Valuefin (RSI) (M2 K /W) {W/im? K) (WM
5 R-42.8 {7.53) R-41.4 (7.30) 0.024 (0,137} 0.0036 (0.0061)
B R-50.8 (8.94) R-47.9 (B.44) 0.021 {0.118) 0.0071 (0.0123)
6* R-50.8 (8.94) | R-48.3(8.52) | 0.021(0.117) | 0.0057 (0.0099)
T R-58.8 (10.35) | R-54.0 (9.52) 0.019 (0.105) 0.0098 (0.0169)
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Appendix A2.3: Glazing Interface Junction linear transmittance

Appendix B: Calologue Thermal Data Sheels BUILDING EMVELOPE THERMAL BRIDGING GUIDE v1.4

D t I 7 4 7 Highly Insulated Precast Concrete Sandwich Panel Wall Assembly -
etai e High Performance Aluminum Window Head Detail

Thermal Performance Indicators

I Assembly 10
i {Nominal) R- Rip
Value

R-2.76 (0.49 RSI) +
insulation

T ttance / u “clear field" U- and R-
ransmittance .
valus
Reslstance Ew' w = wall
I without Anemaly o :
R; | g =glazing

Transmittance / U- and R-values for

Resistance U.R the overall assembly
y |crementa norease
Transmittance .
detail
Scenarios
Scenario Head/Jamb Detail Insulation
A Spray Foam around opening
B Aerogel around opening
Nominal (1D) vs. Assembly Performance Indicators
Base Assembly — Wall Base Assembly — Glazing
Wall Wall Insulation 1D Ron R.. U, [F— Uram= W uy
Insulation R-Value ftzhr=F / Biu ft2-hr=F | Bty Biufftz -hr =F Btz -hr *F | BUw'fE -hr <oF Biw'ft -hr =F Btz -hr -=F
R-Valugfin (RS} {m? K./ W) (mé K /W) {Wim? K) {Wime K} (Wim? K] (Wim K} (Wim? K}
5 R-40) (7.04) R-42.8(7.53) | R-42.3(745) | 0.024(0.13} 0423 (0.70) | 0.261(1.48) | 0.040 {0.069) | 0.172 (0.98)
i R-48 (B 45} R-50.8 {8.94) R-50.3 (B.86) | 0.020(0.11)
7 R-56 (9.86) R-58.8 (10.35) | R-583 (10.27) | 0.097 (0.10)
Head and Jamb Linear Transmittance
Wall ‘Wall Insulation 1D R u W
Scenario Insulation R-Value fi2-he-=F / Btu Btwfi2 -hr -°F Btu/ft-he-=F
R-Valuelin (RS1) (m? K/ W) (WW/m? K) (W)
5 R-42.8 {7 .53) R-13.9 (2.44) 0.072 (0.41) 0,004 (0L00T)
A & R-50.8 {8.94) R-14.4 (2.53) 0.070 (0.40) 0.004 {0.007)
7 R-68.8 (10.35) R-14,7 (2.60) 0.068 (0.39) 0.005 (0.008)
B & R-50.8 {B.94) R-14.4 (2 54) 0.069 {0.38) 0.003 (0.006)

N
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Appendix A2.4: Parapet and Roof Intersection linear transmittance

Appendix B: Catologue Thermal Data Sheels BUILDING EMVELOPE THERMAL BRIDGING GUIDE v1.4

. Highly Insulated Precast Concrete Sandwich Panel Wall Assembly
DEta II 7 '5'1 0 — Roof to Wall Intersection with Wood-Framed Parapet

Thermal Performance Indicators

Assembly 10 R R-2.76 (049 RSI) +
I {Nominal) R-Valug 2 | insulation
Transmittance / gv-w “clear field” U- and R-value
Resistance without U“ w = wall
Anomaly R’ r = roof
= T
| Transmittance / U, | U=-and R-values for the
Resistance R | averall assembly
[ | Surface Temperature T 0 = exlerior temperature
Index’ " | 1 = interior temperature
@ Incremental increase in
Linear Transmittance | 4 transmittance per length of
parapat

“Assumplions and limitations for surface temparaturas identified in
ASHRAE 1365-RP

Mominal (1D} vs. Assembly Performance Indicators
Base Assembly — Wall

Wall Insulation 1D R R, U
Yl Insulation R-Value ft-heF { Biu fhreoF (Btu | Btuft -hr oF
Auedn (RSI) (m? K [ W) (m? K/ W) {(Wim? K)
5 R-40 (7.04) R-428(7.53) | R-42.3(7.45) | 0.024(0.134)
[+ R-45 (8.45) R-50.8 (8.94) R-50.3 (8.86) | 0.020(0.113)
7 R-56 {9.86) R-58.8 (10.35) | R-58.3 (10.27) | 0.017 (0.097)
Base Assembly — Roof
Roof Insulation 1D Rio Ry U,
R-Value fiz-hroF | Btu ftZ-hroF | Biu Bituft? -hr oF
(RSI) {me K /W) (m? K/ W) {WWim? K)
R-48 (8.45) R-50.0 (8.81) R-50.0 (8.81) | 0.020 (0.114)

Parapet Linear Transmittance

Wall Wall Ir:sE]uIauon R u W
Insulation R-Value fté-hr-°F { Btu Btuft? -hr oF Btuift-hir-°F
R-Waluain (RSI) (e K W) (Wim?® K) WMk

5 R-42.8 (7.53) R-47.2 (8.32) 0.021 (0.120) -0.0066 (-0.0115)
6 R-50.8 (8.94) R-50.4 (8.87) 0.020 (0.113) -0.0008 (-0.0014)
7 R-58.8 (10.35) | R-52.9(9.33) 0.019 (0.107) 0.0034 (0.0059)

*Clear Wall and Roof areas measured to the outside of the insulation

N
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Appendix B — Indoor Water Use Reduction
Appendix B1.1: Suite DHW load reduction due to ultra-low flow fixtures (from LEED V4 Indoor Water Use

Reduction Calculator)

_

Summary for Design and Construction Rating Systems

Note: Baseline and design volumes are READ-ONLY. To edit, see the previous tab(s).

Baseline Case Design Case
Percent liters/ litersh
Occupants (liters/year) (liters/year)
Group Name using ) Y
Group Annual Annual Annual Tetal Annual Annual AnnalDesion Total
(%) Flush Flow Baseline Baseline Flush Flow Conzum iogn Design
Volume Volume Consumption ~ Consumption Volume Volume Pt Consumption
Group 1 100.00% 0.00 110,011.00 110,011.00 110,011.00 0.00 52,195.00 52,195.00 52,195.00
Annual baseline water ption (liters/year) 110,011.00
Annual design water consumption (liters/year) 52,195.00
Percent reduction from baseline (%) 52.55%

N
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