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Feasibility Study to Implement the Passive House Standard on Tall

Residential Buildings
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Dan Kaplan is widely recognized for integrating design
excellence, sustainable innovation and an urban point-of-view
into noteworthy architectural and urban design projects. His
passion and preoccupation is sustainable city building. Dan
has principally served in a design and leadership capacity

for many of the firm's significant projects — from individual
buildings to large scale urban plans.
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llana Judah leads sustainability strategies for local and global
projects of multiple scales and typologies. She served as
co-chair of the AIA New York's Committee on the Environment
and on Mayor de Blasio's 80x50 Task Force on the Leading Edge
Standards subcommittee.
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Daniel Piselli's extensive portfolio of educational, cultural, and
residential projects combine an innovative and questioning
perspective with a rigorous and methodical design process.
With assistance from The New York State Energy Research and
Development Authority, Daniel co-led research to determine
the viability of implementing the Passivhaus standard for tall
residential buildings in New York.
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As one of Dagher Engineering’s primary sustainable design
specialists, Josephine is well-versed in energy conservation
strategies that promote efficiency while meeting budgetary
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seamlessly managing her studio to provide MEP systems that
are fully integrated within the architecture of buildings.
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Abstract | B E

A FXFOWLE lead team is near completion on a research grant funded by The New York State
Energy Research and Development Authority to determine if the Passive House Standard can be
implemented on a tall residential building in the megacity of New York City. The research study

is noteworthy because it considers a building that is taller and larger than the biggest Passive
House building in the world. The study considers a climate with humidity that is more globally
relevant to countries like China than the temperate central European setting for which the
Passive House Standard was developed. The study currently results in drastic energy reductions in
line with those expected by the Passive House Standard.

We propose a paper that will present the results of the study. The paper will include a viable
design for a tall Passive House residential building, and analyze its impacts from multiple

perspectives.

Keywords: Energy Efficiency, Facade, Passive Design, Sustainability, Sustainability
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Introduction

Highly energy efficient and resilient buildings
are crucial to the success of megacities. As
populations grow and cities become larger
and denser, problems related to energy
inefficiency are magnified and threaten
megacity sustainability. Pollution, urban heat
island effects, energy resource uncertainty
and other energy related stresses cause
health problems, discomfort, economic
hardship and other challenges. Global climate
change may be the ultimate energy related
problem, posing an existential threat to
large urban areas and all human habitation.
Fortunately, it is possible to make buildings
with the level of energy efficiency needed to
address these issues. Passivhaus is a standard
for energy efficient buildings that results in
energy reductions for heating and cooling
of approximately 70%-90% compared to
typical buildings (BEEX, 2015). This standard
was originally developed for small buildings
in the central European climate, but it is now

R

B XTI RE S R BT TR A TR A B T
EXEE, BEAOMEK, HHEEE
REBRE, T REEERNEE TR
BRI RIN, FHEB R IR ASEA
B. 5% WmAIMNL. ERFBENT
e, DUREMEEREXNENSER
R &, SFEENEMPgE. =
P RIRSET A RER X T RERAILLIR(T)
B, TNEmEE RS AR B
BT MR, iR, BHI1eTLORIT
RE—TE BRI K T RYFR TR DA N 0 130
[O&R, Passivhaus{EA—MTIEEETAT
. TS EEHRENGS G R SRR
BN TR D 970%-90% (BEEX,
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Figure 1. Aerial view (Source: FXFOWLE)
E1. SEE (R FXFOWLE)

in use internationally for buildings of all types,
shapes and sizes, including new construction
and retrofits.

FXFOWLE recently lead research to evaluate
the applicability of the Passivhaus standard

to tall residential buildings in the megacity

of New York City (NYC). The study is a
comparative analysis of a base-case building
design that targets LEED Silver to a Passivhaus
version of the same building. The base-case
building is a large mixed-income housing
project currently under construction

(Figure 1). Preliminary results indicate that the
Passivhaus design can significantly reduce
primary energy use with virtually no aesthetic
changes and common construction methods
(Figure 2). (At the time of publication the
percentage of primary energy use reduction
was not verified.) Additional construction
costs are estimated to be less than 5% more
than initial first costs. Energy use is projected
to be so low that utility cost savings will result
in a payback period of approximately three
years per the preliminary results. These results

TR XIARBILEED $R&IRRIRIE A

RIS RIPassivhaustTE N HIHEE)

BEHT TR . EARNAEZEE
BIEERIER— M REEEWNEEIE

(B1) . ¥IFE8ERAB, 1ZPassivhaus
e/ D —REERERE, BILFAESE
MEFEF0, HFEEREIESAR
(B2) , #HlERRZE, —REERAE
BER/VHNBARLLIFLEEEEIA. M0
M TR ARLA RELIIAE —B AT L T5

Key FIndings

70% primary energy reduction

Less than 5% initial cost increase

3 year payback

No major aesthetic changes

Reduced mechanical equipment size

Improved resiliency, acoustic performance and thermal
comfort

Typical New York City high-rise construction methods

Figure 2. Key findings (Source: FXFOWLE)
B2 EZERI (KR FXFOWLE)

%. BERASTNT AU AR, TIZI6ERE
B AT DOAZE KA = F R BIREE. X
LR QHIRAE,  Passivhaust]iEHl

FHASEEEE. ATHAREREN
ERSE, ERBELERKMAE,

XLELERRAF, PassivhausA[ ZiEAT
SRR R T .

i) B HA T2 5. 2R EHY

SERRRE AR T 2016,

Passivhaus

EEARIBEPassivhausiBE EE1EH S | FAE
A “Passive House” o ASCHFAEE

18, BEATEXEIE “house” £iEIR
RINZINENER T 2N HENE T

fB3zPassivhaus B BN AL BRI R L
1840 “Passive building”

1ZPassivhaustmEEZBE T &, H1E
1990FERWEE. BRET LEHENER
MFIELARVZRTRANE 555 R 0 R B IRAERE
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Figure 3. Passivhaus principles (Source: Passivhaus Institute)
B3. Passivhaus BN (JR: Passivhaus Institute)

strongly suggest that Passivhaus is applicable
to tall residential buildings in NYC. Since New
York has a challenging climate with cold
winters and hot & humid summers, these
results suggest that Passivhaus is broadly
applicable to megacities in many climates.

This paper describes the research study in an
abbreviated form. A full version of the report
will be published in mid-2016.

Passivhaus

The German term Passivhaus is often referred
to in English as “Passive House! This paper uses
the German term because the English word
"house” can cause misperception

that the standard is only for single family
houses. Passivhaus can be translated from
German to a more applicable English phrase
"Passive building!”

The Passivhaus Standard was developed in
Germany and introduced in the early 1990s.
Itis based on a few simple principles and
primarily architectural solutions to create
ultra-low energy buildings. Strategies include
optimized orientation and shading, passive
solar gain, excellent building enclosure
performance, exceptional air-tightness,

and reduced mechanical system sizes with

increased efficiency. These concepts are often
represented as 5 main principles: 1. Thermal
insulation, 2. Thermal bridge-free design, 3.
Air-tightness, 4. Passivhaus windows, and 5.
Mechanical ventilation with heat recovery
(Figure 3).

Certification is based on a few crucial
performance criteria as calculated by the
Passivhaus Planning Package (PHPP) energy
modeling tool. Main criteria include very

low energy consumption limits on heating
demand (4.75 kBtu/{ft2yr}, 15kWh/{m2yr}),
cooling demand (5.39 kBtu/{ft2yr}, 17.02 kWh/
{m2yr}) and total building primary energy
demand (38.0 kBtu/{ft2yr}, 120kWh/{m2yr}).

In addition, a strict air-tightness limit must

be achieved (0.6 ACH@50Pa, or 0.036 CFM/
ft2 of surface area for large buildings) and
proven through blower door testing. Buildings
constructed to the Passivhaus Standard

also benefit from improved indoor thermal
comfort through reduced temperature
asymmetry, better acoustic performance
through enclosure upgrades, and higher air
quality through increased ventilation and
filtering of all supply air.

Additional information on Passivhaus can
be found in the document “Active for more
comfort: Passive House” published by the
International Passive House Association
(IPHA, 2014).

BV, RISEFEENREOLEAIER,
WENTURPHEEIREN, L EREREIFEM
HEE, MEMSENE, HRETVIMAS
R, BeTRER, XESEEEER
RSNEBREN): 130k, 2 HAERR
i, 3EZEM, 4. Passivhaus&EF, 5.8
ERSERRIVIREX (B3) .

INEREF LD R RErnE, XEFRE
ZHPassivhausfikE ( PHPP ) X—
EEREETETERMN. TEnEEIETE
BIRHNIARE S HFERREUT A (4.75 KkBtu/
{ftoyr}, 15kWh/{m2yr}) . $I&EEFERR
ETAFAE(5.39 kBtu/{ft2yr}, 17.02 kWh/
{m2yr}) . BER—XEERFEK(E80 kBtu/
{ft2yr}, 120kWh/{m2yr}), F4h, tHLER
FFE RS EIERIBRS (0.6 ACH@50Pa,
or 0.086 CFM/ft2 of surface area for
large buildings) a3 F R EFERFHE0 036
CEM/ft2) , FBI XA TNAHIESL. 4
EETPassivhaustmEREN B AEILDR,
ISRETNIE S ZEARETEME, FHEd
M EINRL A BFEFERE, B
EINBNHFILERAZENTSRE,

KTFPassivhausMNEZ(EE A USEH
EfrEINEENS (IPHA2014) H
RREISZE “Active for more comfort:
Passive House” .

B ESEEHETERS (IPCC,
2014) INAH, WFEFIT, Passivhaus
=B ERENNEEHEUINR
ESHOFAEB BRI (IPCC,
20144F) . TEfEE. BRI, ELAIAT
AT i BE R BRI 3 TR
Passivhausii&. PassivhausBRjfE>:
E, PEMMTFZEMIERNEZR, BT,
B SRS NI T . 12581k, 2K
KB 60000FF & Passivhaustm IR A
¥ (Passipedia, 2016), XEFEIFEILFE
FAREN, UEFHE, £ TR, B
R, DEFRERE EAl, BB,
RN, FEMA.

— It KBPassivhaus FF A =S 2 E
EREL AT AN LFE, EEW
SHEEBahnstadtX 2— MO E ALY
£PassivhausttX. FF&EFEZFER
KR, BIEEE Bl #HEE. 22
BHSREPassivhaus 2 2= 14256
TR (78%) B, U FEIFIRY
2, F—IRE 5HIPassivhaus K%
EEERT, 2UTHNSIR270ER
(82.3) HyCornell TECHEE R, MALE
HheEERIFTE, MEELZSENAREN
PassivhausiZEM HEHIRE (B4) . K
WS T & LA RIPassivhaus 21
Mt SBER S A EN A,
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The Intergovernmental Panel on Climate
Change identified Passivhaus as one of the
only whole-building strategies capable of
reducing building energy use enough to
achieve greenhouse gas mitigation targets for
the building sector (IPCC, 2014). Municipalities
in Germany, Austria, Belgium and Spain

have mandated Passivhaus construction

in various ways. Passivhaus activity is now
underway in the United States, China and
many other non-European countries with
different climatic conditions. To date, there are
approximately 60,000 buildings built globally
to the Passivhaus Standard (Passipedia, 2016).
These include many typologies such as office,
residential, schools, fire stations, health care
facilities, convention centers, embassies,
research facilities, and others.

A number of large Passivhaus developments
and tall buildings have emerged in the last
few years. The new Bahnstadt district in
Heidelberg, Germany is a new all-Passivhaus
neighborhood that is partially complete. The
development includes many building types
including housing, commercial, educational,
and others. The tallest built Passivhaus
building is a 256ft (78 meter) tall office tower
in Vienna, Austria. A taller Passivhaus building
is under construction, the 270ft (82.3) tall
CornellTECH Residential dormitory in NYC.
Multiple other tall and/or large Passivhaus
buildings are proposed for locations from
New York to Brussels to China (Figure 4).
Megacities will surely benefit as Passivhaus
buildings of all types are shown to be viable
throughout the world.

Base-Case Building for Comparative
Analysis

The purpose of the comparative analysis is
to present a feasible model for the design

of high-rise residential apartment buildings
in NYC to achieve the Passivhaus standard.
High-rise residential apartment buildings
are a ubiquitous building type and many are
expected to be built in the future. In fact,
this building type is a common housing
solution in many megacities around the
world. The comparative analysis examines
the impacts of achieving the standard from
architectural, enclosure detailing, mechanical,
constructability, resilience, zoning, and code
and cost perspectives.

The base-case building is a 593,000 sf (55,092
sm), 26-story multifamily, mixed income, high-
rise building with retail in Jamaica, Queens,
New York (Figure 5). Jamaica is well-served

by transit. It hosts a regional transportation
hub that includes bus, rail, and direct access

Figure 4. Passivhaus tall building examples (Source: Clockwise from upper left: Atelier Hayde Architekten,
Architekturblro Rombach, CREE, Ateliers Jean Nouvel, WuXing Real Estate Co. Ltd., Local Design Institute Tianjin,
Rongen Architekten, Rongen Architekten, ALTIPLAN® architects, Handel Architects)

&4. Passivhaus BEEHEH| (FR: Clockwise from upper left: Atelier Hayde Architekten,
Architekturbiro Rombach, CREE, Ateliers Jean Nouvel, WuXing Real Estate Co. Ltd., Local Design

Institute Tianjin, Rongen Architekten, Rongen Architekten, ALTIPLAN®

Figure 5. West view (Source: FXFOWLE)
E5. AME BR: FXFOWLE)

to John F Kennedy International Airport. The
area is currently undergoing regeneration,
and the central district was recently up-zoned
to enable higher density development. The
base-case building is in the central district and
immediately adjacent to the transportation
hub. The building will serve

as model for mixed-income development
with a combination of inclusionary and work-
force housing.

While the neighborhood context around
the base-case building is currently low-rise
construction, the study assumed built-

out adjacent properties to represent a
fully developed future condition. This step
was necessary to approximate a typical
NYC building site, and potential future
overshadowing from adjacent buildings

architects, Handel Architects)

AT HATREARIER

WA T BRI — N A TFHEYm S
BEEABEBS TR TRESR, B
WPassivhausimfE. SEFEAERE—
MR EREFRE, FEBERRN
WHPREE S, FX L, XFERER
R ST 2 KT 2RI E R
RAER, LEEANTRNIAZ T EEMEN B
ENE, BEIFEmmT, Y, BL,
[EgEt, MO X, BRAE RAgH
ERIEE.

HARERZE —593000F =R

(55092 /52K) 26EHBEELZF. BA
WANEEFRE, wEENaERERN, uT
AN FXHJamaica (BE5) . Jamaica
EERITNARRE. ©AH T XIERE
W, BFEELuh, NEL, HFEZEHEAN
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(Figure 6). The site is fortunate to have a rail
line to the south which ensures adequate
exposure for passive solar gain in winter.

The base-case building is currently under
construction. The design targets LEED Silver
Certification. The building includes a 3-story
retail podium and a 450-unit residential rental
apartment tower with amenity spaces on the
4th and 25th Floors. A Passivhaus boundary
was selected to include all fully enclosed,
conditioned space including retail, residential
and other areas. Below grade parking is the
only area excluded from the Passivhaus
Boundary since it is not fully enclosed,
conditioned space.

The compactness ratio of the base-case
building was found to be a very favorable
floor area to volume ratio of 0.07. In
comparison, a good compactness ratio

from the point of view of energy savings is
considered to be 0.2. Low compactness ratios
signify less surface area relative to building
volume, and less opportunity for heat to
move through the enclosure. Large buildings
generally have lower compactness ratios
than small buildings, making it easier for large
buildings to meet Passivhaus requirements.

Glazing is distributed on the building in

all solar orientations based on apartment
layouts. Shading devices are not used for
specific south, east or west solar conditions.
The window to wall ratio is approximately
36%. This ratio is lower than many market-rate
residential buildings in NYC and the current
prescriptive code ratio of 40%. But this ratio

is higher than many inclusionary housing
developments and the future NYC prescriptive
code ratio of 30%.

The predominant base-case exterior wall
system is a cement panel rain screen assembly
supported on a metal frame backup wall. The
residential tower has aluminum windows with
double glazed insulating glass units (IGUs)
and operable in-swinging casement windows.
Storefront and curtain wall fenestration occurs
at the podium levels.

The central plant of the base-case building
provides space heating, space cooling and
domestic hot water. It consists of a combined
heat and power (CHP) cogeneration system
that operates in conjunction with hot
water condensing boilers and absorption
chillers. There are ten 100kW CHP natural
gas generators, three 350 ton (1,231 kW)
absorption chillers and eight natural gas
boilers along with associated pumps and
accessories. In addition to domestic hot
water, depending on the season, the central
plant provides chilled or hot water that

A FseaET. ZMtXERIE
ERTKERE, MPOXKEaEKE LM
Y, ERAUHITESEE . EXE
BT HOK, EBERA, 12K
RAEARTRERNEET R BREEN
MANS N TRV AURAL,

mEmMZZRYEREZRERRA, RR
R EHREBE SRR TN TTRH
RFRS. AT ELBRARALHRR
HRUSBERNARSFERREFUR
FYRNES, X—FP20EH (B6) .
R¥EEZ, TP HE — M AREER
mMaEd, RIET LEEFAMERET AL
58, FIREENTUR AL

BRI EALERIEERER. 1THAE
LEEDIRZINIE. 1ZENEFE—3EHE
WABEFH—HREENEE, E4EF25E
BB BEANEEZE 8. PassivhausiiF#isk
EEEEEEE. TSR, 21F
TE. BAMNEHMBXNZE, FEFH2
ME— R TEPassivhaus IR AKX 13,
NEARTREHWFFETHIZE.

EARRINEZERREBNTERE
#90.07, MEEEZ T, MTILIEERAVAER
1, BIFHISEMIEEREIAANZ02 . 1]
R ER N B AR IR EE
A, URREET R ER).
KAER—RB L MEBE ZZRIELA,
BERUENERZ UREPassivhaus
RIS,

WIREAYE, B ERIINED
FAEE L. ERRENHTRHES.
IREARIIEERF . ZEELLIZTN
36%., XPLLFELLANHHIFLTFETS
MNERHEERFAII TR AN E KM
40%HE(R. BFXPLLHILLITFLENE
T RRARRAVA L R AT E R
30%ES,

EXLERTERIMEARTEIZEERE
NEZRERIE ERREIRE A . 1Z(EE
BRBEEWETTHIE (IGUs) MEHIE

Figure 6. Site context (Source: FXFOWLE)
E6. 17HINE (R FXFOWLE)

FAPRENATE. [EEmARETEIR
BERREER.

BEARB K h RIZFNE IR (== 80
#, TRIFASTERRK. BEE —1
HEE™ (CHP) BMERSE, BIEHK
A RERIP AR E A REEET
100KWHIRABE = RAS LBNAH, =1
3501 (1231F /) HIRWEHLLNL, J\
MNRIASIRIPAS 5 Z 8RR .
FRTY AE5EHOK, IRIEAENZET, PRk
FRMT PN EIENENAVERE K
BEIEIRE, EIRKEK. ERERR
=T, HEBREARFGRHEAUKIERE
SERIKFE BRI IEH . RS
=, vSmp—RIE, RUEEAHEE
NEERKETRIHOK. WFEELTT,
FEHEENNEENATFRERIEEH
RIEIFR AN HE BRI K, 1BX
BETAEINEFOZINYEENEERT
FREY. FRETRMNLHE L AT AR B HE
5o (TENERFBTRIRSHESS
RENETNE TTHENEEERIW., BEEEI
BETABHATESHREIN. £55
WHEX g KA/ S EE XN 2T,
FREN RS N Aok, LEDEBRAF]
BERZ2 (Energy Star) XUEFEESERE
NEARERFAEEILHER.

Passivhausi&it

PassivhausBIR1THI#IiR Bin2ET A UL
SHMHAMES], HESARENBEHEE
EAETN. BERTEHRIALRRN T
BANFREBEH L. 1281 HE
BRAINB ARG SAFRIHT™ R
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PassivhausfVaEE Fi. WEARNSITHY
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Base-Case Building

Passivhaus Design

Airtightness CFM/SF@50Pa 0.263 0.036
Insulation Roof R33.06 R42.12
(Effective R-Value)
Ground Floor Slab R18.50 R18.52
Basement Slab RO R16.52
Rainscreen Wall (Avg.) R12.02 R 26.00
Brick Cavity Wall R10.71 R26.10
Lot Line wall R15.90 R17.32
Foundation Wall R4.34 R16.52
Basement Wall RO R13.12
E Windows "U-Value Residential 042 (R24) 0.14(R7)
.3 Frame"
2 Curtain Wall 1.00 (R 1) 0.14(R7)
=
&
< "U-Value Residential 0.29 (R3.4) 0.175(R5.7)
Glass"
Curtain Wall 0.24 (R4.2) 0.175(R5.7)
SHGC Residential 0.38 0.38
Curtain Wall 0.62 0.62
Thermal Bridging Y Typical 0.15 < 0.006
Yy Foundation 0.15 0.02
Yy Columns 1.2 1.0
Yy Balconies 0.556 0.03
Yy Windows & Doors 0.15 0.023
X Typical 1.2 <0.018
Ventilation System Type Energy Recovery Multiple ERVs for all
Ventilator (ERV) for spaces (Semi Centralized
Corridors; Outside air System)
provided directly to
mechanical units without
energy recovery for all
other spaces
System Efficiency Approximately 75% for 85%
Corridors; Not Applicable
for all other spaces
Mechancial System System Description Absorption Chillers, Water-cooled Electric
Hot Water Boilers and Chillers and Natural gas
Combined Heat and condensing Hot Water
Power System serving Boilers serving Two Pipe
Two Pipe Fan Coil Units Fan Coil Units
Central Plant Equipment Absorption Chillers, Hot Electric Chillers, Hot
Water Boilers, Combined Water Boilers, and
Heat and Power System Cooling Towers
_ and Cooling Towers
S
g Cooling Efficiency 0.75 COP for Absorption Peak condition: 0.61 kW/
ﬁ Chiller ton (COP 5.76); NPLV
g 0.352 kW/ton for Electric

Chiller

Heating Efficiency

85% Thermal Efficiency
for Boilers, 56% Efficiency
for heat output for
Combined Heat and
Power Units

94.5% Thermal Efficiency
for Boilers

Domestic Hot Water System
Description

Indirect heat exchangers
and storage tanks served
by Combined Heat and
Power Units

Natural gas condensing
Water Heaters

Domestic Hot Water System Efficiency

56% Thermal Efficiency
for heat output of
Combined Heat and
Power Units

95.5% Thermal Efficiency

Lighting

Installed & Recptacle Lighting in
Apartments & Common Areas

0.5 W/ft2 Avg.

0.3 W/ft2 Avg.

Lighting in Retail Spaces

1.6 Watts / sq. ft.

1.6 W/ft2 Avg.

Figure 7. Base-Case Building vs. Passivhaus Design (Source: FXFOWLE)

H7. EAREMIST 5 Passivhaus 81t (SEJR: FXFOWLE)

is circulated through a dual temperature
water loop throughout the building. During
cooling season, the CHP system provides hot
water for domestic hot water consumption
and the absorption chillers. During heating
season, it works in conjunction with the
boilers to provide hot water for space heating
and domestic hot water consumption.

For residential units, vertical stack fan coil
units are served with chilled and hot water
from the central plant provide heating and
cooling. Ventilation is provided through
ducted openings in the exterior wall to the
fan coil units. Central roof fans exhaust the
toilets and kitchens. Residential corridors
utilize dedicated gas-fired packaged air
cooled rooftop units with energy recovery
for ventilation. Energy recovery is achieved
through toilet exhaust from apartments.
Amenity areas are conditioned by horizontal
and/or vertical fan coil units, provided with
chilled and hot water from the central plant.
LED lighting and Energy Star rated appliances
are used throughout the residential portion of
the base-case building.

Passivhaus Design

The Passivhaus redesign began with basic
goals to make the result practical and
replicable. Changes were avoided to the
extent possible. A concerted effort was made
to use products and construction means and
methods familiar to the current New York
construction industry. No exotic systems or
speculative products were required.

The base-case PHPP model was used

to iterate possible Passivhaus energy
balances. Enclosure performance targets
were developed based on aggressive but
achievable upgrades to base-case enclosure
systems. Mechanical, electrical and plumbing
(MEP) systems were analyzed in PHPP until a
system achieved a Passivhaus energy balance
(Figure 7).

Architectural aspects of the Passivhaus
redesign result in virtually no aesthetic
changes. Architectural upgrades mostly
occur at the level of details and specifications.
Improved performance is achieved
through additional insulation, reduced
thermal bridging, simplified air barrier
installation strategies, and triple glazed
insulated windows. These changes allow
mechanical systems to be substantially
reduced or eliminated.

The base-case window to wall ratio of 36%
is preserved. Windows were upgraded to
include high performance Passivhaus Certified
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Figure 8. Rainscreen assembly: Base-Case, Passivhaus, and Passivhaus Alternate (Source: FXFOWLE)
E8. MEEH: EAR, Passivhaus FPassivhausBZ{(tm (KFE: FXFOWLE)

triple glazing and enhanced thermally
broken frames. Increased performance
allowed window sizes and locations to
remain unchanged despite uncontrolled
solar exposures and lack of shading devices.
This achievement dispels a misperception
that Passivhaus buildings do not have
sufficient vision glass for views or daylight.
Further, this result suggests that optimal
building orientation, window exposure, and
the addition of shading devices may allow
Passivhaus buildings at the scale of the base-
case building to achieve better performance
with the same glazing ratio, or to have higher
glazing ratios.

All major assemblies in the base-case building
are redesigned to achieve the required
performance. The predominant lightweight
rain screen was an area of focus (Figure 8).
The base-case assembly is considered to
perform better than average due to the use
of intermittent aluminum attachment clips
and more exterior continuous insulation
than stud cavity insulation. This type of
assembly has been shown to result in a 45%
to 55% reduction of insulation effectiveness
due to thermal bridging (Payette, 2014).

The Passivhaus energy balance required

an effective insulation value of R-26 (IP
U-0.0385, SI U-0.2184) for this assembly after
accounting for thermal bridge reductions.

A Passivhaus version of the assembly uses
thermally improved fiberglass attachment
clips and additional all-fully continuous
insulation. The improved assembly results

in a lower, 20% reduction of insulation
effectiveness (Payette, 2014). This represents a
60% increase in insulation effectiveness over

the base case. While this assembly achieves
better performance, it is 3" (7.62 cm) thicker
than the base-case assembly, and causes
additional gross area and/or decreased usable
area. To address this undesirable impact on
area, an alternate version of the assembly

is considered. The alternate is based on a
different fiberglass attachment clip that is
reported to result in a lower 3%—-7% loss of
insulation effectiveness. This represents a
90% increase in insulation effectiveness over
the base-case. This alternate approach allows
some insulation to be shifted back into the
metal stud cavity. The resulting assembly

is only approximately 1”(2.54 cm) thicker
than the base-case assembly, and minimizes
additional gross and/or decreased usable
area. Both improved assemblies reduce

the potential for interior condensation by
minimizing thermal bridging, and relocating
insulation to the exterior. These measures shift
the location of potential cold surfaces where
condensation may occur to the exterior side
of the weather barrier.

NYC has a zoning incentive called Zone Green
to encourage high performance enclosures
among other energy savings measures. This
incentive enables the area of some additional
exterior wall insulation to be excluded from
zoning calculations. Up to 8"(20.32 cm) of
exterior wall can be deducted based on

the level of performance. The proposed
Passivhaus details would enable full use of the
incentive. This kind of incentive is very helpful
and can be emulated in other jurisdictions.

All major details in the base-case building
are redesigned to enable air-tight installation
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and reduce thermal bridging. Common air
and vapor barrier products are used. Base-
case building window closure details rely

on sealant which may crack over time. The
Passivhaus design proposes self-adhered
membrane flashing instead of sealant to
improve the consistency of workmanship at
joints between window frames and rough
openings, and similar construction joints.
Thermal bridge reduction strategies include
the use of structural thermal breaks at
balconies and parapets, proper positioning
of window thermal breaks with assembly
insulation layers, stand-off metal shelf angles,
discontinuous through-wall flashings, and
other strategies (Figure 9). Calculated thermal
bridge values were used in the PHPP when
Passivhaus thermal bridge maximums could
not be achieved.

The Passivhaus MEP design is a modification
of the base-case building system. Similar
components are used such as vertical fan

coil units, water cooled chillers, cooling
towers and condensing boilers. However,
greatly reduced heating and cooling loads
enable the HVAC equipment to operate at
optimum efficiency and to be specified at
reduced sizes. While the base-case building
design utilized a cogeneration system to
increase overall efficiency, the Passivhaus
design efficiency was high enough that the
cogeneration system was eliminated. Energy
recovery ventilation units with a minimum
efficiency of 85% are used for ventilation of all
conditioned spaces. Chillers are changed from
an inefficient absorption system (Coefficient
of Performance (COP) 0.75) to high efficiency
magnetic bearing compressors with Variable
Frequency Drives (COP 5.76). With reduced
envelope heat losses, fan coil units in

the apartments are capable of providing
adequate heating even with low hot water
temperatures of 105° F (40.56° C) supply and
95°F (35.0° C) return. These low temperatures
enable the condensing boilers to operate at
an optimum efficiency of 94.5%, compared to
85% efficiency in the base-case building.

Ventilation with energy recovery is a key
component to the Passivhaus design. The
tower portion of the base-case building
utilized louvers on the facade to provide
outside air to fan coil units in apartments.
Apartment fan coil units did not utilize energy
recovery. This inefficient system for ventilation
was revised to Passivhaus Certified energy
recovery units mounted on the roof, with
each unit serving multiple apartments. A
small amount of additional shaft space was
needed in each apartment to accommodate
ventilation ducts. Amenity, lobby and retail
spaces are served by separate ERV units
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Figure 9. Rainscreen details and thermal bridge analysis (Source: FXFOWLE)

B9 MBI RR: FXFOWLE)
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(Figures 10 & 11). Balancing of the ventilation
system is assisted by the use of spray sealant
inside ducts and constant airflow regulators.
The regulators also help limit potential stack
effect disruption of ventilation flows.

Figure 10. Apartment HVAC diagram (Source: FXFOWLE)
E10. NBEETE (HVAC)HHT (RR: FXFOWLE)

Figure 11. Ventilation zone diagram (Source: FXFOWLE)
Ei1. BRXAH CER: FXFOWLE)
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Analysis

PHPP analysis shows a successful Passivhaus
design (Figure 12). The total primary energy
savings is in line with general expectations
of the Passivhaus standard. Compared to the
base-case building, the Passivhaus design
resulted in greater energy reductions in
heating than in cooling due to the specific
nature of the base-case design and the NYC
climate. Itis likely that buildings with different
mechanical systems or buildings in other
climates will require different proportions of
heating and cooling energy reductions.

Construction:

The main challenge in constructing a
Passivhaus building similar to the proposed
design is expected to be the quality of
workmanship required to achieve airtightness
requirements. While the same construction
techniques are used in the base-case and
Passivhaus design, attentiveness of the
workforce and coordination between trades
is crucial to the successful installation of the
air barrier. The study proposes increased
scrutiny of the air barrier through the use of
the Air Barrier Association of America (ABAA)
quality procedures, accredited professionals
and auditing procedures to ensure proper
design, installation and testing. ABAA
recommendations include utilizing a third
party air barrier consultant and air barrier shop
drawings, among other measures. Blower
door testing is necessary to control quality
and to prove performance. The study assumes
additional time for construction for air barrier
testing, repair, and other Passivhaus measures.

Resilience:

The Passivhaus design will improve overall
building resilience. Increased insulation,
thermally broken triple-pane windows and
significantly improved air-tightness will
enable buildings to remain comfortable
during a power outage for a longer period
of time than typical construction. A study
was recently undertaken after Hurricane
Sandy caused power outages and unsafe
building conditions in NYC. The study
concluded that an extended power outage
in summer or winter would cause typical
high-rise apartment buildings to reach unsafe
temperatures in one to three days while
high-performance buildings similar to the
proposed Passivhaus design would remain
habitable for a week or more (Urban Green,
2014). Passivhaus strategies such as operable
windows, increased insulation, improved air
tightness, and other upgrades help control
passive heat gain in power outages.

Financial Analysis:

A cost analysis was performed by Dharam
Consulting to compare the base-case building
and Passivhaus design. Specific energy
conservation measures were identified and
costs for those items were assigned for both
the base-case and Passivhaus design options.
This side by side comparison enabled a clear
cost analysis. The Passivhaus design was
found to increase capital cost by less than 5%.
Generally, additional costs for the building
envelope were counterbalanced by savings
for MEP systems. The largest cost increase

was for the Passivhaus Certified windows. It
should be noted that very expensive windows
were selected to test their cost, and that less
expensive, non-Passivhaus Certified, slightly
lower performing windows can also be used
to achieve Passivhaus.

Conclusion

The findings of this study suggest that
high-rise residential buildings in NYC can be
designed to very high Passivhaus levels of
energy efficiency and resilience. Passivhaus
is applicable to the high-rise residential
building typology and NYC climate. Technical
challenges can be overcome with little
aesthetic compromise and good glazing
ratios. This approach is also shown to be
financially viable with minimal up-charges
and reasonable pay-back periods.

A number of challenges confront the
implementation of Passivhaus in NYC and
globally. As the standard was developed in
central Europe, local issues must be addressed
for widespread application around the world.
Varying climatic conditions, construction
practices, labor quality, product availability,
codes, use patterns and other nuances are
important factors that must be integrated into
strategies for high performance buildings.
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PHPP Modeling Comparison
Passivhaus Requirement Passivhaus Design PHPP Fulfilled? Savings Over Base-Case PHPP
Base-Case

Heating 4.75 kBtu/(ft2yr) 3.56 kBtu/(ft2yr) Yes 80% 17.88 kBtu/(ft2yr)
Demand
Heating Load 3.17 Btu/(ft2hr) 2.64 Btu/(ft2hr) Yes 75% 10.76 Btu/(ft2hr)
Cooling Demand 5.39 kBtu/(ft2yr) 3.71 kBtu/(ft2yr) Yes 50% 7.38 kBtu/(ft2yr)
Cooling Load 3.17 Btu/(ft2hr) 2.40 Btu/(ft2hr) Yes 41% 4.10 Btu/(ft2hr)
Primary Energy* 38.0 kBtu/(ft2yr) 36.6 kBtu/(ft2yr) Yes 70% 120.20 kBtu/(ft2yr)
Airtightness** 0.036 cfm/ft2@50Pa 0.036 cfm/ft2@50Pa Yes 86% 0.263 cfm/ft2@50Pa
Passivhaus? Yes
*Primary energy includes heating, cooling, dehumidification, DHW, auxiliary electricity, lighting, and electrical applicances.
**Pressurization test result n50

Figure 12. PHPP Results (Source: FXFOWLE)
E12. PHPP &2 (KR FXFOWLE)
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This study shows how Passivhaus can be
implemented in NYC for one building
typology in NYC. Similar studies and pilot
projects are needed around the world to
prove that this approach is globally viable.
Many such projects are already under way.

Passivhaus represents a breakthrough in
energy efficient building design that offers

a big opportunity for megacities to become
more sustainable, healthier places. European
cities are already starting to include Passivhaus
in building codes. As Passivhaus is proven to
be feasible globally, municipalities around the
world can also consider this highly energy
efficient and resilient approach.
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