Mind the Gaps:
Post-Occupancy Discoveries from Data
and Operational Perspectives




Who Has the Edge?
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Government Initiatives to Reduce COZ\\

\ BOSTON
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Government Initiatives to Reduce COZ\

29 States and D.C. Have Set Renewable Portfolio Standards

The current standards range from B.5 percent in Pennsylvania to 100 percent in Hawaii. An RPS is a goal for
electricity providers to provide a certain percentage of all power or number of megawatts from renewable
sources by a specific date.
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California

50% by 2030
Colorado

30% by 2020 (I0Us)
20% by 2020 (co-ops)
10% by 2020 (munis)

I Connecticut
23% by 2020

I Delaware
25% by 2025
Hawaii
100% by 2045
inois

. 25% by 2025
lowa
105 MW by 1999

Maine
40% by 2017

Maryland
.25!?:.1.1!2020

P Massachusetts
11.1% by 2009 +1%/yr
Mich
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h Minnesota

26.5% by 2025
Xcel: 31.5% by 2020

P missouri
15% by 2021

.’ Montana
15% by 2015

MNevada
25% by 2025

New Hampshire
. 24.8% by 2025

New Jersey
22.5% by 2020

MNew Mexico
20% by 2020 (10Us)
10% by 2020 (co-ops)

MNew York
50% by 2030

P Morth Carolina

12.5% by 2021 (IOUs)

10% by 2018 (co-ops and munis)
P Ohio

12.5% by 2026

on
g;'g 2040 (large KOUs)
5-25% by 2025 (other utilities)

r Pennsylvania
8.5% by 2020

Rhode Island
38.5% by 2035

MOTES: In additkon to the RPS policies shown an this map, valuntary renewable ensrgy goats exist ina number of U.5. states, and bath
mandatory RPS palicies and non-binding goals exist among LS. territorios (American Samoa, Guam, Puerto Rico, LS. Vingin kslands).
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O 15
5,880 MW by 2015

Vermont
75% by 2032

Washington
15% by 2020
Washi n, D.C.
500% by 2032

F Wisconsin
10% by 2015

SOURCE: Lvwrence Berkeley Nationas| Labaoratory
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Efficiencies in the Code?

1975 Energy Code = 100%
l &Y ° —— ASHRAE
1983/86 IECC
Std. Std. MEC
90-1975 90A-1980 ; 1992/93 MEC IECC
-4&4—»« 1995 1998 IECC
'M-ﬂ_ 2004/06
Std. 90.1-1989 Stdl. \g—o— o1 W—e—0—e—g
90.1-1999 Std. IECC
90.1-2001 -2009
Std. B
90.1-2004 Std.
90.1-2007 IECC
2012 gcc
90.1-2010 Std. + ‘.
Code-compliant buildings 90172043 -
today will use almost 50% as
much energy as a similar ‘. ’
building constructed in 1975 o
Projections to 2030 ..
assuming same rate of
change as last 9 years

£

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Net Zero Building (Produces energy equal to the amount it uses over a year)

Credit: Urban Green Council
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Performance Based Standard?

e CA net zero residential 2020
e Stretch codes

e Building energy grades

e DOE Asset Score
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Key Metrics: New Multifamily

““

Benchmark (EUI) kBtu/SF Whole-building source

Heating Btu/SF/HDD Owner-paid

Domestic Hot Water kBtu/SF Owner-paid

Fuel kBtu/SF Owner-paid

Electric kWh/SF Owner-paid
ENERGY STAR Score 1-100 Relative to similar buildings nationwide
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Site vs. Source

Transtormer

Condenser Cooling Water Condenser

Source Energy
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Data Challenges

o Utility bill tracking
— Master-metered
* Sub-metered requires assistance from Owner
— Direct-metered

— Aggregate data

« Commercial tenants receive “free” heat from central
system, but also supplement their own

e Square footage discrepancies
— Source: NYC DOF, DOB, OASIS
— Parking garage
— Cellar, sub-cellar not counted SF by DOF
— Commercial space (provide heat, not electricity?)
 Renewables
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ENERGY STAR Multifamily: \§
Shifting Design
besgn _|cicazoor  Now

Walls Insulation Placement Reduce Thermal Bridging

Windows Aluminum vs. Fiberglass Aluminum vs. uPVC

Ventilation Code changes Unitized exhaust/ERV

Heating Boilers: Condensing? Boilers vs. VRF

Distribution Baseboard PTAC

Cooling Window vs. Sleeve AC PTAC vs. Heat Pumps

DHW Boilers with Indirect Storage Same + HPWH?

Lighting Fluorescents and Sensors LED
On-site Power Micro-cogeneration Solar PV/cogen/batteries 5
Controls Basic, Local Smart
Modeling ASHRAE 90.1 - 2004 ASHRAE 90.1 - 2013
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Comparison of Annual Fuel Usage: Heating & Domestic Hot Water

m 2014 FuslEUl w2015 FuslEUI w2016 FuslEUI
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Comparison of Annual Electric Usage: Owner Paid

m 2014 Elec w2015 Elec w2016 Elec

3.50
3.00

2.50

2.00

15

100

0.5 ‘ ‘
0.0

1212 MLE B854 Myrtle Rockaw ay Andrew Liberty Highbridge Putnam  Highbridge King Garden FrostStreet  Norman
Avenue Atlantn: Terrace Court Owverlook Seniors Towers
Avenue

=

ElectricEnergy Usage (kwh/SF)

=]

Year Built 2006 2007 2009 2009 2010 2010 2012 2012 2012 2013 2014 2015 2015



Energy Used for DHW (kBTU/SF)
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Comparison of Energy Used for Domestic Hot Water Heating

1212 MLE  B5£ Myrtle  Rockaway 1825 The Andrew  Liberty Lezacy Highbridge  Putnam King Garden Highbridge Frost Morman
Avenue Atlantic Terrace Court Seniors Owerbook Towers
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All of these buildings have hot water
space heating distribution systems.

Which buildings do you think have
condensing boilers?
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Energy Used for Space Heating (BTU/SF/HDD)

Comparison of Energy Used for Space Heating
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Return Water Temperature (°F) @ 20 Degree Rise
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Let’s add the heat -
pump project.
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Energy Used for Space Heating (BTU/SF/HDD)
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Towers

Comparison of Energy Used for Space Heating

The Andrew Frost Highbridge Highbridge Liberty Legacy Rockaway King Garden 1825 Atlantic 854 Myrtle Putnam 1212 MLK
Overlook Terrace Seniors Avenue Avenue Court



Energy Used for Space Heating (BTU/SF/HDD)
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Comparison of Energy Used for Space Heating - Site

The Andrew Frost Highbridge Highbridge Liberty Legacy Rockaway King Garden 1825 Atlantic 854 Myrtle Putnam 1212 MLK
Overlook Terrace Seniors Avenue Avenue Court



Energy Used for Space Heating (BTU/SF/HDD)
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Comparison of Energy Used for Space Heating - Source

Norman  The Andrew Frost Highbridge Highbridge Liberty Legacy Rockaway King Garden 1825 Atlantic 854 Myrtle Putnam 1212 MLK
Towers Overlook Terrace Seniors Avenue Avenue Court
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All of these buildings supply fresh air to
common area hallways.

Which buildings do you think use ERVs?
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Energy Used for Space Heating (BTU/SF/HDD)
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Comparison of Energy Used for Space Heating

Norman  The Andrew Frost Highbridge Highbridge Liberty Legacy Rockaway King Garden 1825 Atlantic 854 Myrtle ~ Putnam 1212 MLK
Towers Overlook Terrace Seniors Avenue Avenue Court
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All of these buildings utilized different strategies
to exceed code requirements for wall insulation:

* Interior only
e Exterior only
* |nsulated Concrete Form

Which do you think performs best?

Which buildings do you think have interior
iInsulation?

Steven Winter Associates, Inc.
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Inboard Insulation
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Outboard Insulati
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Thermal Bridging Challenges
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Thermal Bridging Challeng
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HOREONTAL JOINT
REINFORCEMENT W/
INTEGRAL WALLTIES

RIGID INSULATION

THRLUFWALL FLASHIMG
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Thermal Bridging Challenges

AW BARRIER

EXTERIOR
SEMI-RIGID
INSULATION

ThermaBracket-D
(2°-6)

(WOO0D & STEEL STUD
FASTENERS BY KWS)
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Insulated Concrete Form
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Energy Used for Space Heating (BTU/SF/HDD)
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Comparison of Energy Used for Space Heating
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Liberty
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Rockaway King Garden 1825 Atlantic 854 Myrtle
Seniors Avenue Avenue

Putnam
Court
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What About Onsite Generation?
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Electtric Energy Used (kWh/SF)

3.5

2.5

0.5

Highbridge The Andrew
Overlook

R R e R S A

Frost

Comparison of Energy Used for Common Area Electric

Highbridge 1825 Rockaway Legacy  King Garden  Putnam Norman
Terrace Atlantic Seniors Court Towers
Avenue

Liberty

1212 MLK 854 Myrtle
Avenue
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Owner Paid Electric: Other Factors

o Apartment Exhaust Ventilation
— Central versus unitized

e Booster pumps
 Heating circulator pumps
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The Andrew: Keeping it Simple

 Unitized exhaust ventilation
 Heating circulators
 Booster pumps

F uall
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Whole Building EUI

« What about the rest of these buildings?
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Source EUI (kBTU/SF)
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Comparison of Whole Building Source Energy Use

M 2016 Source EUl = Resident Paid Source EUl M Solar

City Median

Norman Towers

King Garden Seniors Highbridge Overlook Highbridge Terrace Legacy 1212 MLK




Source EUI (kBTU/SF)
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Can we get there from here N

£ el Lighting Interior

S 90 S i Power Density

80 Envelope Heat

o2 Transfer (UA)

= /0 :

— Cooling

E 60 h‘.,, Equipment

g 20 : ._‘"""-: Heating

g a9 \ ~ "\..!qe Equipment

i RTS8 s ASHRAE 90.1

. ¥ Wy Overall

® 20 - Vector required to reach 5-——A o

E 10 - net zero goalin 2030 ///7 PEEnang adIer

= 2015 at same rate
0 ' ' ' ' " as 2004 to 2013
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Can we get there from here N

PNNL: Roadmap for the Future of
Commercial Energy Codes

http://www.pnnl.gov/main/publication
s/external/technical reports/PNNL-
24009.pdf
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http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24009.pdf

Potential Solutions
CodeOption | o+ | -

Predictive Performance
with EUI Targets

Differential predictive
performance with a
stable baseline (bm)

Prescriptive Packages .

Outcome based

Steven Winter Associates, Inc.

Clear and measurable

Baseline more reliable

Quality control

Enable software development
Targets for different bldg types

Simple turnkey solutions

Clear and measurable
Considers all energy used

NEW YORK, NY | WASHINGTON, DC | NORWALK, CT

W

EUI target challenging
Consistent prediction

Setting appropriate target

Fed eff regulations
Too many choices?

Timing
Setting appropriate target
Undesired consequences
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Retro-Commissioning Findings
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Boller& Controls

Steven Winter Associates, Inc.
NEW YORK, NY | WASHINGTON, DC | NORWALK, CT

/TOZ 0U| ‘S81eID0SSY JBIUIA UBASIS o

CALL US 866.676.1972 | SWINTER.COM



Insulation
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Pump Performance
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Outdoor Air
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Rooftop Fans

i m&‘ﬁmﬁ? 13:23
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Dirty Colls and Filters
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Carbon Targets
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Continuous
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Questions?
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