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Recent Past, 1961 - 1979 Lower Emissions Scenario, 2080-2099 Higher Emissions Scenario, 2080-2099

The number of days in which the temperature exceeds 100˚F/ 38˚C by late this 
century

temperature map images: U.S. Global Change Research Program 

OUR CLIMATE IS

CHANGING



WHERE TODAY’S US ENERGY CODES ARE -
DEVELOPMENT SINCE THE ENERGY 
CRISIS

(Source	:	U.S.	Departm
ent	of	Energy:	Energy	Efficiency	Trends

in	Residential	and	Com
m
ercial	Buildings)

End-uses addressed by the IECC: heating, cooling, domestic hot water
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PHIUS+2015/SOURCE ZERO NEXT STEP ON:
DEPARTMENT OF ENERGY PERFORMANCE STAIRCASE



PHIUS+2015 REDUCTION VS USA CODE
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Total ~80%



WITHOUT ADDING SOLAR PV PASSIVE 
STANDARDS PERFORM TODAY AT 80% OF THE 
2030 CHALLENGE

Source: www.architecture2030.org 
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CERTIFICATION TRENDS IN NA: 
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Source: w
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PASSIVE HOUSE US DATABASE 
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Source: w
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w
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~500+ PROJECTS IN NORTH AMERICA

©2018 Passive House Institute US  |



11

PROJECTS NATIONWIDE 

SITE EUIs OF 10-25 kBTU/ft².yr
~ 2 0 - 5 0 %  b e t t e r  t h a n  D O E ’s  Z e r o  E n e r g y  H o m e  P r o g r a m

80+ MULTIFAMILY SUBMITTED, PRE-CERTIFIED, CERTIFIED



LEGISLATION & INCENTIVES
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ORCHARDS AT ORENCO I+II, HILLSBORO 
OREGON
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ELM PLACE, BURLINGTON VERMONT
CHOM, PORTLAND MAINE
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CHOM, Portland, ME, 
45 Units
Thornton Tomasetti
2.5% upcharge

CHOM



HILL CREST, PITTSBURGH PA
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INTEGRATED DESIGN FROM COMPONENTS TO 
WHOLE BUILDING ENERGY BALANCE
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Precipitation

Radiation

window 
ventilation

inner 
loads

HVAC

• Weather data
• Air exchange
• Inner loads
• Set-points
• HVAC
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PASSIVE BUILDING PRINCIPLES 
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3 PERFORMANCE "PILLARS”
PASS/FAIL PERFORMANCE STANDARD

1. Space Conditioning  
2. Source Energy
3. Air-Tightness

1 ADDITIONAL CERTIFICATION
1. PHIUS+ Source Zero



CLIMATE SPECIFIC STANDARDS: 
ONE SIZE DOES NOT FIT ALL

Graph Courtesy of Global Buildings Performance Network
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NREL BEopt optimizes upgrade package 
by climate 

Standards defined as cost optimal/competitive
sweetspot between conservation and generation 

on the path to zero
22
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Climate Specific & Cost Optimal Standards

COST & CLIMATE OPTIMIZED



CERTIFICATION TARGETS
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PHIUS+ 2015

Annual Heat Demand
(kBTU/ft2.yr)

Varies by Climate

Annual Heating Load
(BTU/ft2.hr)

Varies by Climate

Annual Cooling Demand
(kBTU/ft2.yr)

Varies by Climate

Annual Cooling Load 
(BTU/ft2.hr)

Varies by Climate

Airtightness *0.05 cfm/ft2

(Based on Envelope Area)

Source Energy Factor
(Residential)

6,200 kWh/person.yr



COST MATTERS AND HAS TO BE DEALT WITH -
STANDARDS WERE SET JUST PAST 
THE ECONOMIC OPTIMUM

10 W/m² design

15 kWh/m2·yr
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http://www.nrel.gov/docs/fy15osti/64278.pdf15 kWh/m2·yr



PASSIVE STANDARDS IN VARYING CLIMATES

CLIMATE SPECIFIC METRICS 
OPTIMIZING THERMAL COMFORT AND COST
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BUILDING TYPOLOGIES MATTER
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R-50 WALLS
R-90 ROOF
R-50 SLAB

R-8 WINDOWS

SMALL SINGLE FAMILY ONE STORY VS  
HI-RISE - SURFACE TO VOLUME
RATIO VARIES, INTERNAL LOADS
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R-25 WALLS
R-40 ROOF
R-20 SLAB
R-5 WINDOWS



COMPONENTS
ARE CLIMATE & TYPOLOGY SPECIFIC
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OPTIMIUM LEVELS BASED ON BUILDING SIZE 
AND OCCUPANT DENSITY (15 scenarios)
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PHIUS+2018 PILOT



33©2018 Passive House Institute US  |

PHIUS+2018 PILOT



MUTIFAMILY PROJECT EXTERIOR 
FOAM AND CLADDING IN OREGON
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UPTOWNLOFTS PA
Exterior	foam

§Polyisocyanurate foil-faced	
exterior	insulation	system

Metal	panels	and	brick	exterior	
finishes

§Thermally	broken	attachments
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AIRBARRIER
UPTOWN LOFTS PITTSBURGH
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Source: Jesse Thompson - Uptown Lofts, Pittsburgh, PA
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ORCHARDS AT ORENCO
PHI	STANDARD:	2X10	Structure

§High-density	blown	in	fiberglass
§Sheathing
§2”	exterior	mineral	wool
§Fiber-cement	siding,	brick,	rain	
screen

Sun	shading,	parapets,	balconies
§Thermally	broken	attachments

PHIUS+2015:	2X6	Structure
§High-density	blown	in	fiberglass
§Sheathing
§1.5”	exterior	mineral	wool
§Fiber-cement	siding,	brick,	rain	
screen
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Source: www.prosoco.com/r-guard

EXTERIOR AIR BARRIERS



CONTINUOUS INSULATION
INSULATED CONCRETE FORMS
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THERMAL BREAKS



MINIMIZE POINT TB LOSS 

STRUCTURAL THERMAL BRIDGING CAUSED BY 
CLADDING SYSTEMS ATTACHMENT – RED SPACER 

BEHIND STAND-OFF=THERMAL BREAK
©2018 Passive House Institute US  | 41

Photo courtesy Jesse Thompson Illustrations by RDH, Shawn Colin, NAPHC 2014



Photo: Jesse Thompson

UPTOWN LOFTS STRUCTURAL 
THERMAL BRIDGE ISSUE: SEPARATION 
TO UNCONDITIONED PARKING DECK
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STRUCTURAL THERMAL BREAKS
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MF VENTILATION AND SPACE CONDITIONING:
CENTRALIZED, DECENTRALIZED AND SEMI-
DECENTRALIZED SYSTEMS
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SEMIDECENTRALIZED
Most common solution - Individual 
ventilator in each unit

§Individual controls, more accurate 
ventilation air delivery 
§Solution for local codes where exhaust 
can not be drawn from all apartments 
and go through a common air to air 
heat exchanger

Space conditioning via central VRF system
§Separate supply ducts from ventilation 
air due to different air velocities during 
space conditioning
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Ventilator next to 
exterior wall

§short exhaust and 
supply ducts
§keep distribution  
separate

VRF air handler
§Centrally located, 
short ductwork

APARTMENT SPACE CONDITIONING  
AND VENTILATION LAYOUT - COMBINED 
DISTRIBUTION DUCTS 

Source: The Bluestone O
rganization
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DECENTRALIZED SOLUTION



Client to provide images

COMPARTMENTALIZATION 
OF UNITS TO CONTROL STACK EFFECT 

IDEALLY ONE VENTILATOR PER UNIT FOR 
INDIVIDUAL CONTROL
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PHIUS+ Certification Process :
Third Party Verified 
QAQC IS CRITICAL!

• Design Review via PHIUS

• Verified PRE-CERT
Step 1:

Find CPHC

• Inspection Update via Rater to PHIUS

• Verified QAQC

Step 2:
Find PHIUS+ 

Rater/Verifier

FINAL 
CERTIFI-
CATION
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Recommended, Not Required:

50

Post-occupancy performance monitoring & 
verification: CONTINUOUS COMMISSIONING:

©		2018	PHIUS



SUITE OF PROFESSIONAL 
CERTIFICATES

CERTIFIED PASSIVE HOUSE CONSULTANT, CPHC®

PHIUS CERTIFIED BUILDER
PHIUS+ CERTIFIED RATER

PHIUS+ CERTIFIED VERIFIER

®
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©	Passive	House	Institute	US	2016

FEASIBILITY STUDIES

249 unit - NYC

209 unit -
NYC

Hotel – Boston, MA

259 unit – Chicago, IL

Hotel – Pittsburgh, PA
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High Rise Case Studies
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Residential



Envelope Improvements
Residential Tower
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+42%

SAME

+75%

PROPOSED PHIUS+ 2015



Lighting & HVAC Improvements
Residential Tower
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-45%

PROPOSED PHIUS+ 2015



Lighting & HVAC Improvements
Residential Tower
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Baseline PHIUS+ Renewable



0 2000 4000 6000 8000 10000 12000 14000

Source Energy
(kWh/person.yr)

PHIUS+ 2015

Baseline

0 5 10 15 20 25 30

Site Energy
(kBtu/sf.yr)

PHIUS+ 2015

Baseline

0 2 4 6 8 10 12 14 16

Heating Demand
(kBtu/sf.yr)

Cooling Demand
(kBtu/sf.yr)

Heating Load
(Btu/hr.sf)

Cooling Load
(Btu/hr.sf)

PHIUS+ 2015

Baseline

Improvements
Residential Tower
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SUMMARY
Residential Tower
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•Internal Load Dominated
•Common Lighting (Hallways)  = Largest Energy Hog

•Windows, windows, windows -
•Optimize gains/losses = Heating/Cooling

•Walls/Roof 
•Moderate R-values = Ok!

•Peak Loads
•+ Efficiency Mechanical Systems

•Careful Design – A little PV goes a long way



Uptown Lofts Jason Sippel & Duane Carter w/ SCB

Hypothetical Details



Uptown Lofts Jason Sippel & Duane Carter w/ SCB

Hypothetical Details
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ADVOCACY & RESOURCE SHARING
COMMERCIAL/LARGE MULTIFAMILY 
RESOURCE CENTER www.phius.org



NEXT FRONTIERS
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Source: Melton, R. PNNL, 2004. Transactive Energy, Presentation



DIRECT CURRENT MICROGRID

http://energy.gov/sites/prod/files/2015/03/f20/DC_Microgrid_Scoping_Study_
LosAlamos-Mar2015.pdf



THERMAL STORAGE & ENERGY STORAGE



Beach Green North, New York, NY

LARGEST MIDRISE  IN QUEENS, COMPLETED WITH
101 UNITS, 1%  ADDITIONAL COST
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Sol-Lux Alpha, San Francisco, CA



NEW RMI HEADQUARTERS IN BASALT
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Rocky Mountain Institute Innovation Center, Basalt, CO



JOIN US!
PATH TO ZERO, COMFORT&HEALTH, CARBON ACTION
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PASSIVE BUILDING 
IS PART OF THE SOLUTION

70

Katrin Klingenberg, Executive Director
www.PHIUS.org/www.PHAUS.org


