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Agenda

20 minutes - Multifamily Energy Use

20 minutes - Construction Costs

20 minutes - Integrating Costs and Energy
20 minutes - Q&A
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Learning Objectives

1. Gain basic understanding of multifamily building energy
use.

2. Explore common energy efficiency strategies for
multifamily Net Zero Design.

3. Review drivers of multifamily construction cost and how
they interact with energy efficiency.

4. Evaluate effectiveness of strategies based on cost
Impacts and energy saved.



Multifamily Energy Use
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Multifamily Energy Use

35 New construction multifamily
EUls assuming low-cost best
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Multifamily Energy Use

35 New construction multifamily ) ]
EUls assuming low-cost best Domestic hot water is dependent on
. practices... occupant density and behaviors, not area.
ﬂ%\ —  Lowflow fixtures, efficient washers and

dishwashers are assumed as they are low

” cost and best practice.

) 5

15

EUI (kBtu/sf-yr)

o

10

Low Density Medium Density High Density




r

Multifamily Energy Use

35 New construction multifamily
EUls assuming low-cost best
practices...
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Lighting and plug loads are dependent on
areaand occupant density LEDs and
efficient appliances are assumed.
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Multifamily Energy Use

35 New construction multifamily
EUls assuming low-cost best
practices...
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HVAC is dependent on area, and stable

as occupant density changes. Non-
metal windows, wood framing, and
heat pump conditioning are assumed.
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Multifamily Energy Use

35 New construction multifamily B
EUls assuming low-cost best
practices...
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Ventilation Loads

=

Energy used to condition ventilation air can account foi78%0 of multifamily HVAC energy use
in Portland, if ventilated at code required leveBverventilation can double this and should be
avoided.

Windows
18%

Ventilation
67%

Walls/Roof Multifamily
13% Heating Load
in OR

Infiltration
2%




r
Ventilation Loads

=

Energy used to condition ventilation air can account foi78%0 of multifamily HVAC energy use
in Portland, if ventilated at code required leveBverventilation can double this and should be
avoided.

Windows
18%

Ventilation
67%

Walls/Roof Multifamily
13% Heating Load
in OR

~

Infiltration
2%

70% Heat Recovery?
7-12% savings
vs PTHP system without
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Envelope Loads

Increasing insulatiorand selecting high performance dual panetriple pane windowswill
reduce HVAC loads from the envelope.

- A25-30% glazingatio is high enough to Windows (U-0.31)
allow access to daylighting and low enough= & Walls (U-0.064)
to keep heat transfer and construction
costs low.

e

- Nonmetal framed duapane windows
(U-0.260.31) allow 2640% less heat e sEmm

Gross Wall Ya

transfer than metaframed (U0.380.42). S e == i

20% 30% 40% 50%
Window to Wall Ratio
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Heat Pump Water Heaters

COPof2-3

(gas ~ 0.85)
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Heat Pump Water Heaters

35 New construction multifamily COP Of 2 — 3

EUls assuming low-cost best

practices... [gas = 0.85]
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Heat Pump Water Heaters

35 New construction multifamily COP Of 2 _ 3

EUls assuming low-cost best

practices... [gas = 0.85]
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Getting to Zero
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Net Zero Energy and Solar in Oregon
[,

Net Energy = Gross Energy ConsumpttoRenewables Offset

m Portland

m Salem and Eugene Solar availability or the

Bend amount of energy that can
27 Potential EUI Offset by Rooftop Solar be harvested from a )
odzAf RAy3aQa aAd
21 22 geographic location and site
18 constraints.
14 15 14 . . |
11 11 Slte constralnts might
include shading from trees,
topography, or other
I I buildings.

2 Stories 3 Stories 4 Stories 5 Stories
Building Height
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Takeaways for Multifamily Energy Efficiency

[ Occupant Density and Behavior }

{ Heat Pump Water Heaters }

[ Ventilation Loads and Heat Recovery }




Construction Costs
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How are cost estimates done?

=

Top Down (Benchmarking)

A Based on extensive experience,
adjusting for current market
conditions

A Low level of detail > $/sf, $/unit

A What SD teams need!
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Cost Benchmarking (Uniformat I1)

=

Sample L2 Construction Costs/Sf (Portland, 2020)

$90




r
How are cost estimates done?

=

Top Down (Benchmarking)

A Based on extensive experience,
adjusting for current market
conditions

A Low level of detail > $/sf, $/unit

A What SD teams need!

... Not easily available due to complexity of
systems/construction
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How are cost estimates done?

[
Top Down (Benchmarking) Bottom Up
A Based on extensive experience, A Based on itemized component data,
adjusting for current market bundled with labor and overhead costs
conditions

A Low level of detail > $/sf, $/unit

A What SD teams need!

... Not easily available due to complexity of
systems/construction



Exploring detailed cost estimates

B2010
B2010
B2010
B2010
B2010
B2010
B2010
B2010
B2010
B2010
B2010
B2010
B2020
B2020
B3010

B3010
20110
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C1 CORE & SHELL

Description

- b

B2010 Exterior Walls

i Type 1 - aluminum curtain wall
M54 Type 1 - composite aluminum panel
™58 Type 1 - GFRC panel

73 Type 2 - GFRC panel

Mg Type 2 - compogite aluminum panel

79 Type 3 - composite aluminum panel

"157 Aluminum slab cover

&3 Louvers

531 it high privacy screens - metal frame with GFRC p

B2010 Exterior Walls

83 Louvers

B2020 Exterior Windows

fl58 Aluminum punch windows

B3010 Roof Coverings

f47 58S two-phy modified bituminous membrane cfw ca
"£32 Monolithic membrane roofing for oreen roof and paw

Total
SF 23,483 75.00 1,761 225.00
SF 12,868 40.00 514 540.00
SF 31,1 50.00 1,556 550.00
SF 45984 50.00 245 200.00
=F 14,325 40.00 573,000.00
SF 23544 40.00 945 760.00
SF 238 25.00 5,850.00
SF 1,358 65.00 &8 270.00
E& 10 2,150.00 21,500.00

ESTIMATED NET COST 228,829 $306.05 $70,032,449.09

MARGINS & ADJUSTMENTS

Subguard Insurance 1.1%
General Conditions 6.0%
Bonding 0.8%
Overhead & Profit 2.7%
Design Contingency 8.0%
Art Allowance 0.5%
LEED Allowance 1.0%
Escalation to Q4 2019 13.3%

ESTIMATED TOTAL COST

B770,356.94
54.245.166.36
$600.407.81
$2.027 457.04
56,214,307 14
$419.465.75
$843.126.11
$11.,323.304 13

228,829 $421.62 $96,479,042.37




Exploring detailed cost estimates

T CE RS __ Quantification
Description Total
T - I=1I- - - - - - -
B2010 B B2010 Exterior Walls
E2010 B i Type 1 - aluminum curtain wall SF 23,483 75.00 1,781, 225.00
B2010 B M54 Type 1 - composite aluminum panel SF 12,866 40.00 514,640.00
B2010 B fss Type 1 - GFRC panel SF 31,131 50.00 1,556 550.00
B2010 B 7 Type 2 - GFRC panel SF 4 554 50.00 245 200.00
B2010 B Mg Type 2 - compogite aluminum panel SF 14,325 40.00 573,000.00
B2010 B 79 Type 3 - composite aluminum panel SF 23544 40.00 945 780.00
B2010 B "1=57 Aluminum slab cover SF 238 25.00 5,5950.00
B2010 B 33 Louvers SF 1,358 65.00 28 270.00
E2010 B 531 it high privacy screens - metal frame with GFRC p  EA 10 2,150.00 21,500.00
B2010 B B2010 Exterior Walls
p2010 B B3 Lowers ESTIMATED NET COST 228,829 $306.05 $70,032,449.09
B2020 B B2020 Exterior Windows
B2020 B fl58 Aluminum punch windows
3010 B B3010 Roof Coverings MARGINS & ADJUSTMENTS
B3010 B 147 SBS two-ply modified bituminous membrane ciw ca Subguard Insurance 1.1% $770,356.94
20N R "£32 Monolithic membrane roofing for oreen roof and paw General Conditions 6.0% $4.245,166.36
Bonding 0.8% $600,407.81
Overhead & Profit 2.7% 52,027 457 04
Design Contingency 8.0% 56,214,307 .14
Art Allowance 0.5% 5419, 465 75
LEED Allowance 1.0% $843,126.11
Escalation to Q4 2019 13.3% 511,323,304 13
ESTIMATED TOTAL COST 228,829 $421.62 $96,479,042.37




Exploring detailed cost estimates

ESTIMATED TOTAL COST

T CE RS __ Quantification
Description Total
T > Flalmls ~| |+ [ | > - . ..
B2010 B B2010 Exterior Walls —— Normalized Pricing
E2010 B i Type 1 - aluminum curtain wall | SF 23,483 | | 75.00 | 1,781, 225.00
B2010 B M54 Type 1 - composite aluminum panel SF 12,866 40.00 514,640.00
B2010 B fss Type 1 - GFRC panel SF 31,131 50.00 1,556 550.00
B2010 B 7 Type 2 - GFRC panel SF 4 554 50.00 245 200.00
B2010 B Mg Type 2 - compogite aluminum panel SF 14,325 40.00 573,000.00
B2010 B 79 Type 3 - composite aluminum panel SF 23544 40.00 945 780.00
B2010 B "1=57 Aluminum slab cover SF 238 25.00 5,5950.00
B2010 B 33 Louvers SF 1,358 65.00 28 270.00
E2010 B 531 it high privacy screens - metal frame with GFRC p  EA 10 2,150.00 21,500.00
B2010 B B2010 Exterior Walls
p2010 B B3 Lowers ESTIMATED NET COST 228,829 $306.05 $70,032,449.09
B2020 B B2020 Exterior Windows
B2020 B fl58 Aluminum punch windows
3010 B B3010 Roof Coverings MARGINS & ADJUSTMENTS
B3010 B 147 SBS two-ply modified bituminous membrane ciw ca Subguard Insurance 1.1% $770,356.94
anin m "&52 Monolithic membrane roofing for oreen ronf and pay | General Conditions 6.0% $4.248,168.36
Bonding 0.8% $600,407.81
Overhead & Profit 2.7% 52,027 457 04
Design Contingency 8.0% 56,214,307 .14
Art Allowance 0.5% 5419, 465 75
LEED Allowance 1.0% $843,126.11
Escalation to Q4 2019 13.3% 511,323,304 13

228,829 $421.62 $96,479,042.37




Exploring detailed cost estimates

ESTIMATED TOTAL COST

T CE RS __ Quantification
Description Total
T > Flallo ~| |+ [ | > - . ..
B2010 B B2010 Exterior Walls —— Normalized Pricing
E2010 B i Type 1 - aluminum curtain wall | SF 23,483 | | 75.00 | 1,781, 225.00
B2010 B M54 Type 1 - composite aluminum panel SF 12,866 40.00 514,640.00
B2010 B fss Type 1 - GFRC panel SF 31,131 50.00 1,556 550.00
51010 B ®5 Type 2 - GFRC panel SF 4984 50.00 249 200.00 Overhead
B2010 B Mg Type 2 - compogite aluminum panel SF 14,325 40.00 573,000.00
B2010 B 79 Type 3 - composite aluminum panel SF 23544 40.00 945 780.00
B2010 B "1=57 Aluminum slab cover SF 238 25.00 5,5950.00
B2010 B 33 Louvers SF 1,358 65.00 28270
E2010 B 531 it high privacy screens - metal frame with GFRC p  EA 10 2,150.00 21
B2010 B B2010 Exterior Walls
p2010 B B3 Lowers ESTIMATED NET COST 228,829 $306.05 $70,032,449.09
B2020 B B2020 Exterior Windows
B2020 B fl58 Aluminum punch windows
3010 B B3010 Roof Coverings MARGINS & ADJUSTMENTS
B3010 B 147 SBS two-ply modified bituminous membrane ciw ca Subguard Insurance 1.1% $770,356.94
anin m "&52 Monolithic membrane roofing for oreen roof and pay || General Conditions 6.0% $4.248,168.36
Bonding 0.8% 5600.407.81
Overhead & Profit 27% 52,027 457 04
Design Contingency 8.0% 56,214,307 .14
Art Allowance 0.5% 5419, 465 75
LEED Allowance 1.0% $843,126.11
Escalation to Q4 2019 13.3% 511,323,304 13

228,829 $421.62 $96,479,042.37
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How are cost estimates done?

[
Top Down (Benchmarking) Bottom Up

A Based on extensive experience, A Based on itemized component data,
adjusting for current market bundled with labor and overhead costs
conditions A Requires in-depth knowledge of all

A Low level of detail > $/sf, $/unit components = architecture, MEP

A What SD teams need! A Overwhelming!
... Not easily available due to complexity of ...What we’d do if we had infinite time!

systems/construction
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How are cost estimates done?

[
Top Down (Benchmarking) Bottom Up

A Based on extensive experience, A Based on itemized component data,
adjusting for current market bundled with labor and overhead costs
conditions A Requires in-depth knowledge of all

A Low level of detail > $/sf, $/unit components = architecture, MEP

A What SD teams need! A Overwhelming!
... Not easily available due to complexity of ...What we’d do if we had infinite time!

systems/construction

Middle Ground?

A Harvest data from iroiect examples to build knowledge of

A
A



