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Heat pump water heaters

Right-size fridges and 
heat pump dryers

Right-size heat recovery ventilators, 
triple pane windows
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Increasing insulation and selecting high performance dual pane or triple pane windows will 
reduce HVAC loads from the envelope. 
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Window to Wall Ratio

Windows (U-0.31)
Walls (U-0.064)

- A 25-30% glazing ratio is high enough to 
allow access to daylighting and low enough 
to keep heat transfer and construction 
costs low. 

- Non-metal framed dual-pane windows    
(U-0.26-0.31) allow 20-40% less heat 
transfer than metal-framed (U-0.38-0.42). 
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Solar availability, or the 
amount of energy that can 
be harvested from a 
building’s site, will vary by 
geographic location and site 
constraints. 

Site constraints might 
include shading from trees, 
topography, or other 
buildings. 

Net Energy = Gross Energy Consumption – Renewables Offset
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Project Density Sqft/Occ Occ/Apt Sqft/Apt

Patmore High 209 3.16 660

Barrow Medium 347 1.78 617

Carson Low 493 1.25 617



All HVAC System Options will include the following components… Qty Total $/GSF Qty Total $/GSF Qty Total $/GSF

Allowance for TAB--HVAC Testing and Balancing 0.85 SF 38768.5 32953 0.85 113542 96511 0.85 123717 105159 0.85

Allowance for HVAC BIM, permit, documentation, testing and supervision0.95 SF 38768.5 36830 0.95 113542 107865 0.95 123717 117531 0.95

Exhaust fans and ductwork, all accessories included--allowance 4.75 CFM 3700 17575 0.45 2790 13253 0.12 1830 8693 0.07

87358 2.25 217628 1.92 231383 1.87

The following are specific HVAC options, and their *additional* components

Electric Heat, Bathroom Exhaust Fans, Corridor RTU 266733 6.88 719992 6.34 720417 5.82

Electric cove heater - 400W 547.00 EA 71 38837 1.00 90 49230 0.43 82 44854 0.36

Electric cove heater - 800W 580.00 EA 50 29000 0.75 162 93960 0.83 170 98600 0.80

Bathroom exhaust fan (like Panasonic) < 80 CFM 325.00 EA 70 22750 0.59 162 52650 0.46 188 61100 0.49

AHU, no heat recovery, DX+ gas furnace 5.65 CFM 1850 10453 0.27 6400 36160 0.32 9100 51415 0.42

SA and RA Ductwork 9.53 Lb 4058 38676 1.00 15188 144741 1.27 12627 120335 0.97

SA and RA Ductwork Insulation [SF of ductwork area] 4.50 SF of ductwork 1924 8659 0.22 5423 24402 0.21 3198 14391 0.12

Duct Specialties--duct  silencers and sound/noise attenuation 0.55 SF of building38768.5 21323 0.55 113542 62448 0.55 123717 68044 0.55

Duct Diffussers and Grills [QTY is Allowance] 150.00 EA 17 2550 0.07 42 6300 0.06 33 4950 0.04

Fire Smoke Dampers (FSD) 5.50 Sq-in 1296 7128 0.18 5904 32472 0.29 4608 25344 0.20

179375 4.63 502364 4.42 489033 3.95

Patmore Barrow Carson
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Envelope System Cost Unit
System 

Life

Standard foundations (concrete, 4-11 story wood 9.00 - 9.00 $ 11.50 - $ 12.05 GSF of building 50

Slab on Grade w/ R-15 perimeter insulation 7.00 - 7.00 $ 8.95 - $ 9.40 SF of slab 50

Concrete flooring (complete assembly) 12.00 - 12.00 $ 15.35 - $ 16.10 SF of floors 50

Baseline wood-framed wall (6" stud, batt insul) 18.25 - 18.25 $ 23.35 - $ 24.45 SF of wall 50

Ext. wall cladding, molding, caulking/sealing 55.00 - 70.00 $ 70.40 - $ 93.80 SF of wall 50

Base foundations, flooring, wood framed walls 46.95 - 69.77 $ 60.10 - $ 93.50 GSF of building 50

Add 1" mineral fiber insul., metal z-furring 2.75 - 2.75 $ 3.50 - $ 3.70 SF of wall 50

Add 1" mineral fiber insul., fiberglass clips 5.00 - 5.00 $ 6.40 - $ 6.70 SF of wall 50

Add 2" mineral fiber insul., metal z-furring 3.50 - 3.50 $ 4.50 - $ 4.70 SF of wall 50

Add 2" mineral fiber insul., metal z-furring 0.38 - 0.59 $ 0.50 - $ 0.80 GSF of building 50

Add 2" mineral fiber insul., fiberglass clips 6.00 - 6.00 $ 7.70 - $ 8.05 SF of wall 50

Add 2" mineral fiber insul., fiberglass clips 0.66 - 1.01 $ 0.85 - $ 1.35 GSF of building 50

Add 5" mineral fiber insul., metal z-furring 6.50 - 6.50 $ 8.30 - $ 8.70 SF of wall 50

Add 5" mineral fiber insul., fiberglass clips 8.00 - 8.00 $ 10.25 - $ 10.70 SF of wall 50

Typical dual pane vinyl windows (U-0.31) 50.63 - 50.63 $ 64.80 - $ 67.85 $/(SF of window) 25

Typical dual pane vinyl windows (U-0.31) 5.55 - 8.54 $ 7.10 - $ 11.45 GSF of building 25

Typical dual pane fiberglass windows (U-0.31) 70.63 - 70.63 $ 90.45 - $ 94.65 $/(SF of window) 50

Typical dual pane fiberglass windows (U-0.31) 7.75 - 11.91 $ 9.90 - $ 15.95 GSF of building 50

High perf. vinyl dual pane windows (U-0.27) 52.63 - 52.63 $ 67.40 - $ 70.55 $/(SF of window) 25

High perf. vinyl dual pane windows (U-0.27) 5.77 - 8.87 $ 7.40 - $ 11.90 GSF of building 25

High perf. fiberglass dual pane windows (U-0.27) 72.63 - 72.63 $ 93.00 - $ 97.35 $/(SF of window) 50

High perf. fiberglass dual pane windows (U-0.27) 7.97 - 12.25 $ 10.20 - $ 16.40 GSF of building 50

Triple pane vinyl punched windows (U-0.19) 57.88 - 57.88 $ 74.10 - $ 77.55 $/(SF of window) 25

Triple pane vinyl punched windows (U-0.19) 6.35 - 9.76 $ 8.15 - $ 13.10 GSF of building 25

Triple pane fiberglass punched windows (U-0.19) 82.97 - 82.97 $ ###### - $ ###### $/(SF of window) 50

Triple pane fiberglass punched windows (U-0.19) 9.10 - 13.99 $ 11.65 - $ 18.75 GSF of building 50

Roof Construction - Concrete slab (SD-level pricing) 20.00 - 20.00 $ 25.60 - $ 26.80 SF of roof 50

Roof Coverings - Rigid polyiso, 4" 4.50 - 4.50 $ 5.75 - $ 6.05 SF of roof 50

Roof Coverings - Rigid polyiso, 6" 5.50 - 5.50 $ 7.05 - $ 7.35 SF of roof 50

Roof Coverings - Rigid polyiso, 8" 7.50 - 7.50 $ 9.60 - $ 10.05 SF of roof 50

Roof Coverings - Everything else (SD-level 

allowance for total minus insulation)
22.00 - 26.00 $ 28.15 - $ 34.85 SF of roof 50

Concrete roof (R-30, complete assembly) 47.50 - 51.50 $ 60.80 - $ 69.00 SF of roof 50

Concrete roof (R-40, complete assembly) 49.50 - 53.50 $ 63.40 - $ 71.70 SF of roof 50

Concrete roof (R-30, complete assembly) 7.92 - 8.58 $ 10.15 - $ 11.50 GSF of building 50

Concrete roof (R-40, complete assembly) 8.25 - 8.92 $ 10.55 - $ 11.95 GSF of building 50

Cost Cost (Adjusted)
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Overhead Costs

Subguard Insurance 1% - 2%

General Conditions 6% - 10%

Bonding 1% - 1.5%

Overhead & Profit 3% - 5%

Design Contingency 12% - 15% 
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Energy Saving Strategy Cost (Adjusted) Cost Unit
System 

Life

Electric Heat, Bathroom Exhaust Fans, 
Corridor RTU

$ 7.45 - $ 9.20 GSF of building 13

PTHP in central room with Electric Heat in 
Bedrooms, Corridor RTU

$ 13.65 - $ 15.45 GSF of building 15

PTHP in central room, ducted to bedrooms, 
Corridor RTU

$ 14.50 - $ 18.00 GSF of building 15

Split HPs in central room with Electric Heat in 
Bedrooms, Corridor RTU

$ 19.55 - $ 21.60 GSF of building 20

Split HPs in central room, ducted to 
bedrooms, Corridor RTU

$ 20.45 - $ 23.85 GSF of building 20

VRF in central room with Electric Heat in 
Bedrooms, Corridor RTU

$ 24.35 - $ 26.50 GSF of building 20

VRF in all rooms, Corridor RTU $ 26.25 - $ 31.95 GSF of building 20

Add HRV to any listed HVAC system $ 5.05 - $ 6.35 GSF of building 18
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Plumbing System Cost (Adjusted) Cost Unit
System 

Life

Base Plumbing (fixtures, piping, insulation) $ 21.65 - $ 23.80 GSF of building 50

Centralized Natural Gas Condensing Boilers $ 1.20 - $ 2.00 GSF of building 25

Centralized Heat Pump Hot Water Heaters $ 2.05 - $ 3.85 GSF of building 20

In-Unit Electric Hot Water Heaters $ 0.95 - $ 1.00 GSF of building 15



Energy Saving Strategy Cost (Adjusted) Cost Unit

Electric Heat, Bathroom Exhaust Fans, Corridor 
RTU, Nat Gas DHW

$ 34.28 - $ 38.61 GSF of building

PTHP in central room with Electric Heat in 
Bedrooms, Corridor RTU

$ 0.80 - $ 0.93 GSF of building

Split HPs in central room with Electric Heat in 
Bedrooms, Corridor RTU

$ 0.70 - $ 0.82 GSF of building

Split HPs in central room, ducted to bedrooms, 
Corridor RTU

$ 0.70 - $ 0.82 GSF of building

VRF in all rooms, Corridor RTU $ 0.03 - $ 0.06 GSF of building

Add HRV to any listed HVAC system $ 0.03 - $ 0.06 GSF of building

HP Domestic Water Heaters $ 0.21 - $ 0.28 GSF of building







Energy + Cost Results for Low Density 
Multifamily in Portland, OR

Adjusted Cost Add
($/GSF)

Cost Per Savings
($/kBtu)

Centralized Heat Pump Water Heaters $ 0.87 - $ 0.91 $ 0.21 - $ 0.22 

Electric Resistance Heat, No Cooling

+ 10% UA Reduction $ 0.78 - $ 0.82 $ (2.59) - $ (2.71)

+ 20% UA Reduction $ 1.41 - $ 1.47 $ 3.91 - $ 4.09 

+ 35% UA Reduction $ 2.34 - $ 2.45 $ 1.74 - $ 1.83 

+ HRV (70% effect.) $ 5.02 - $ 5.26 $ 0.58 - $ 0.61 

+ 10% UA Reduction $ 5.80 - $ 6.07 $ 0.68 - $ 0.71 

+ 20% UA Reduction $ 6.43 - $ 6.73 $ 0.70 - $ 0.74 

+ 35% UA Reduction $ 7.36 - $ 7.71 $ 0.75 - $ 0.78 

PTHPs, Bedroom Electric Heat $ 5.06 - $ 5.30 $ 1.00 - $ 1.04 

+ 10% UA Reduction $ 5.85 - $ 6.12 $ 1.13 - $ 1.18 

+ 20% UA Reduction $ 6.47 - $ 6.77 $ 1.18 - $ 1.24 

+ 35% UA Reduction $ 7.41 - $ 7.75 $ 1.26 - $ 1.32 

+ HRV (70% effect.) $ 10.09 - $ 10.56 $ 1.25 - $ 1.31 

+ 10% UA Reduction $ 10.87 - $ 11.38 $ 1.30 - $ 1.36 

+ 20% UA Reduction $ 11.49 - $ 12.03 $ 1.33 - $ 1.39 

+ 35% UA Reduction $ 12.43 - $ 13.01 $ 1.38 - $ 1.44 

PTHPs, Ducted to Bedrooms $ 7.52 - $ 7.87 $ 1.30 - $ 1.36 

+ 10% UA Reduction $ 8.30 - $ 8.69 $ 1.40 - $ 1.46 

+ 20% UA Reduction $ 8.93 - $ 9.34 $ 1.44 - $ 1.51 

+ 35% UA Reduction $ 9.86 - $ 10.32 $ 1.51 - $ 1.58 
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Energy + Cost Results for Low Density 
Multifamily in Portland, OR

Adjusted Cost Add
($/GSF)

Cost Per Savings
($/kBtu)

Centralized Heat Pump Water Heaters $ 0.87 - $ 0.91 $ 0.21 - $ 0.22 

Electric Resistance Heat, No Cooling

+ 10% UA Reduction $ 0.78 - $ 0.82 $ (2.59) - $ (2.71)

+ 20% UA Reduction $ 1.41 - $ 1.47 $ 3.91 - $ 4.09 

+ 35% UA Reduction $ 2.34 - $ 2.45 $ 1.74 - $ 1.83 

+ HRV (70% effect.) $ 5.02 - $ 5.26 $ 0.58 - $ 0.61 

+ 10% UA Reduction $ 5.80 - $ 6.07 $ 0.68 - $ 0.71 

+ 20% UA Reduction $ 6.43 - $ 6.73 $ 0.70 - $ 0.74 

+ 35% UA Reduction $ 7.36 - $ 7.71 $ 0.75 - $ 0.78 

PTHPs, Bedroom Electric Heat $ 5.06 - $ 5.30 $ 1.00 - $ 1.04 

+ 10% UA Reduction $ 5.85 - $ 6.12 $ 1.13 - $ 1.18 

+ 20% UA Reduction $ 6.47 - $ 6.77 $ 1.18 - $ 1.24 

+ 35% UA Reduction $ 7.41 - $ 7.75 $ 1.26 - $ 1.32 

+ HRV (70% effect.) $ 10.09 - $ 10.56 $ 1.25 - $ 1.31 

+ 10% UA Reduction $ 10.87 - $ 11.38 $ 1.30 - $ 1.36 

+ 20% UA Reduction $ 11.49 - $ 12.03 $ 1.33 - $ 1.39 

+ 35% UA Reduction $ 12.43 - $ 13.01 $ 1.38 - $ 1.44 

PTHPs, Ducted to Bedrooms $ 7.52 - $ 7.87 $ 1.30 - $ 1.36 

+ 10% UA Reduction $ 8.30 - $ 8.69 $ 1.40 - $ 1.46 

+ 20% UA Reduction $ 8.93 - $ 9.34 $ 1.44 - $ 1.51 

+ 35% UA Reduction $ 9.86 - $ 10.32 $ 1.51 - $ 1.58 



Energy + Cost Results for Low Density 
Multifamily in Portland, OR

Adjusted Cost Add
($/GSF)

Cost Per Savings
($/kBtu)

Centralized Heat Pump Water Heaters $ 0.90 - $ 0.94 $ 0.16 - $ 0.16 

Electric Resistance Heat, No Cooling

+ 10% UA Reduction $ 0.78 - $ 0.82 $ (3.30) - $ (3.45)

+ 20% UA Reduction $ 1.41 - $ 1.47 $ 3.39 - $ 3.55 

+ 35% UA Reduction $ 2.34 - $ 2.45 $ 1.72 - $ 1.80 

+ HRV (70% effect.) $ 5.92 - $ 6.19 $ 0.77 - $ 0.80 

+ 10% UA Reduction $ 6.70 - $ 7.01 $ 0.87 - $ 0.91 

+ 20% UA Reduction $ 7.32 - $ 7.67 $ 0.89 - $ 0.93 

+ 35% UA Reduction $ 8.26 - $ 8.64 $ 0.93 - $ 0.98 

PTHPs, Bedroom Electric Heat $ 5.53 - $ 5.79 $ 1.46 - $ 1.53 

+ 10% UA Reduction $ 6.31 - $ 6.61 $ 1.60 - $ 1.67 

+ 20% UA Reduction $ 6.94 - $ 7.26 $ 1.63 - $ 1.71 

+ 35% UA Reduction $ 7.87 - $ 8.24 $ 1.69 - $ 1.77 

+ HRV (70% effect.) $ 11.45 - $ 11.98 $ 1.75 - $ 1.83 

+ 10% UA Reduction $ 12.23 - $ 12.80 $ 1.78 - $ 1.86 

+ 20% UA Reduction $ 12.85 - $ 13.45 $ 1.79 - $ 1.87 

+ 35% UA Reduction $ 13.79 - $ 14.43 $ 1.83 - $ 1.92 

PTHPs, Ducted to Bedrooms $ 6.59 - $ 6.90 $ 1.51 - $ 1.58 

+ 10% UA Reduction $ 7.38 - $ 7.72 $ 1.61 - $ 1.69 

+ 20% UA Reduction $ 8.00 - $ 8.37 $ 1.66 - $ 1.74 

+ 35% UA Reduction $ 8.93 - $ 9.35 $ 1.74 - $ 1.82 



Energy + Cost Results for Low Density 
Multifamily in Portland, OR

Adjusted Cost Add
($/GSF)

Cost Per Savings
($/kBtu)

Centralized Heat Pump Water Heaters $ 1.77 - $ 1.85 $ 0.18 - $ 0.19 

Electric Resistance Heat, No Cooling

+ 10% UA Reduction $ 0.78 - $ 0.82 $ (5.26) - $ (5.50)

+ 20% UA Reduction $ 1.41 - $ 1.47 $ 2.94 - $ 3.08 

+ 35% UA Reduction $ 2.34 - $ 2.45 $ 1.72 - $ 1.80 

+ HRV (70% effect.) $ 6.03 - $ 6.31 $ 0.91 - $ 0.95 

+ 10% UA Reduction $ 6.81 - $ 7.13 $ 1.02 - $ 1.07 

+ 20% UA Reduction $ 7.43 - $ 7.78 $ 1.05 - $ 1.10 

+ 35% UA Reduction $ 8.37 - $ 8.76 $ 1.12 - $ 1.17 

PTHPs, Bedroom Electric Heat $ 5.38 - $ 5.63 $ 2.99 - $ 3.13 

+ 10% UA Reduction $ 6.16 - $ 6.45 $ 3.10 - $ 3.25 

+ 20% UA Reduction $ 6.78 - $ 7.10 $ 2.93 - $ 3.06 

+ 35% UA Reduction $ 7.72 - $ 8.08 $ 2.81 - $ 2.94 

+ HRV (70% effect.) $ 11.40 - $ 11.94 $ 2.46 - $ 2.58 

+ 10% UA Reduction $ 12.19 - $ 12.76 $ 2.44 - $ 2.55 

+ 20% UA Reduction $ 12.81 - $ 13.41 $ 2.43 - $ 2.55 

+ 35% UA Reduction $ 13.75 - $ 14.39 $ 2.50 - $ 2.62 

PTHPs, Ducted to Bedrooms $ 6.27 - $ 6.56 $ 2.61 - $ 2.73 

+ 10% UA Reduction $ 7.05 - $ 7.38 $ 2.63 - $ 2.76 

+ 20% UA Reduction $ 7.67 - $ 8.03 $ 2.62 - $ 2.75 

+ 35% UA Reduction $ 8.61 - $ 9.01 $ 2.67 - $ 2.80 
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