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Prologue 



Berlin – November 1989 TU Berlin



Muncie Indiana – 1994 Ball State University



Center for Energy and Research, Education & Service

First Generation EFS Leadership
Ball State University’s sustainability leadership began with 1979 creation of the university-level Center for Energy Research, 
Education and Service (CERES) and its program of CERES Research Fellowships that triggered BSU’s first generation EFS 
leadership. The 1990 Green Committee set BSU’s sustainability direction and programs to promote sustainability across 
campus. In 1996, the first Greening of the Campus Conference was held. TheLandLab was proposed at the 2nd Green of the 
Campus Conference in 1997, as was the Cluster of Interdepartmental Minors in Sustainability. The Land Design Institute 
(LDI) was created in 2000.



New York City - October 1994
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1997 - Murphy/Jahn (Jahn today)



Passive House 1.0 – So it begins...
(taking place in the US, Canada, Scandinavia)
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1973 Oil Crisis
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Big temperature swings

Net negative windows

Heavy focus on south glazing 

Big temperature swings

Slow temp movement

Net positive windows

Moderate  south glazing

Balanced ventilation

aka Mass & Glass (Doug Balcomb) aka Thick Walls & Tight (Gene Leger)

PASSIVE SOLAR PASSIVE HOUSING

Superinsulation and Passive Solar Debate

John Larsen invents the

 “stand-off” truss , 1981

 Alberta



Source: National Center for Appropriate Technology:  Superinsulation - A Housing Trend for the Eighties

End of 1985 10k to 30k Homes in US and Canada



4th ANNUAL CONFERENCE SESCI 1978
CANADA, EXCERPT FROM PROCEEDINGS

The term “passive house” or “passive 
housing” has been in use in the US and 
Canada since the 70s describing the same 
concept as today’s passive house!



1. Not just thick, but clever and thorough. 
2. …practically airtight. 
3. No provision of extra-large thermal mass. 
4. No provision of extra-large south windows. 
5. No conventional furnace. 
6. No conventional distribution system for such auxiliary heat. 

(Shurcliff, 1988: Super Insulated Houses and Air-To-Air Heat Exchangers)

Distilling Passive House & Component Predictions



Richard Levine - Hooker Office Building 1981



Foster & Partners Duisburg Residential



Passive House 2.0



1977-86

Saskatchewan 

Conservation 

House

1991 -
Kranichstein 
Passivhaus 
developments 
Germany

2002, 2006 - 
Smith House & 
BioHaus USA

1974-76 
First 
experimental 
Lo-Cal Homes in 
Urbana Illinois



GERMAN  PASSIVHAUS CRITERIA



© Phius 2021



Urbana, IL

Built in 2002

Single Family

Smith House
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Reference: Shell-Study (2005), Scenario  with high efficiency  and regenerative usage of energy

FUTURE WORLDWIDE TRANSITION
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Single Family Reality Check PHI Standard & Split

• Urbana home earth tube filled up with water in the humid summer, peak heating 
load blew the relay on ventilation integrated heating element during the first 
winter…home was overheating in winter and summer!

• Louisiana Project: boy…did we get our butts handed to ourselves…10% 
overheating criterion useless, cooling demand simply a mirror of German heating 
demand? Really?

• California projects: using heating demand in CA climates that have none was like 
building a fence sized for cows around chickens – lots of savings remained on the 
table in absence of an appropriately optimized design criterion for that climate

• North-west projects: could not even meet peak heat criterion in that mild climate 
to allow for ventilation air heat only, heating demand the closet match in the US

• Canadian projects: aced the heating criterion, but focus on passive solar caused 
overheating issues, made cooling skyrocket in a climate where there really should 
be none…

• On all PHI projects – measured vs modeled data was off by 25-30%, consistently!



2012 – Joe keynotes 6th NAPHC in Denver CO

• Young Joseph builds passive 
houses and directs R2000 
Program - 1982

• Oliver Drerup’s quote, Summer 
Camp 2011: “If you don’t know 
your past you won’t have a 
future”

• Shurcliff paper from 1988 on 
Passive Housing mentions Joe’s 
work, I finally put it together.

Building Science Corporation



© Phius 2021 Building Science Corporation



PASSIVE SOLAR PASSIVE HOUSING

Amory Lovins’ Home in

 Snowmass,

Published the first Paper that 

 talks about Passive Building in

 1995 

Mentions

 Passive Houses in 

‘Natural Capitalism’

Mentions

Phius in 

‘Reinventing Fire’

Rocky Mountain Institute



The Present – Passive House 3.0 

(Modern Day Passive Building)
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What does Phius do?
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Passive Building Principles

High 
Performance 

Insulation 

Thermal Bridge 
Elimination

Enthalpy 
Recovery 

Ventilation

Air-Tightness Shading / 
Daylighting

Climate 
Appropriate 

Glazing

THERMAL CONTROL AIR CONTROL RADIATION CONTROL



Standard Setting / QA QC Process

kW 
or

kBTU/hr

kW 
or

kBTU/hr

Annual Energy = kWh/yr (or kBTU/yr) → area under the curve
Peak Power = kW (or kBTU/hr)→ point at top of curve 

Typical Building Passive Building



CERTIFICATION FRAMEWORK

SPACE CONDITIONING TARGETS

AIR-TIGHTNESS

ON-SITE QUALITY ASSURANCE 
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Partnerships since 2011/12



Setting Cost Competitive Space Conditioning Targets

Optimization Design Methodology

Factors: 
Climate
Building Size
Occupant Density
Dwelling Unit Density

Source Energy Savings %



Standard Setting

“Sweet spot”                    
Based on climate    +

“Sweet spot”
Based on bldg type/size





Certification Process

DESIGN CERTIFICATION
- Energy model or checklist to verify compliance
- Review by Phius Certification Team
- Iterative feedback process

FINAL CERTIFICATION
- Inspection throughout construction by Phius Certified 

Rater / Verifier (3rd Party)
- Documentation review by Phius Cert Team
- Match energy model to “as-built” conditions

WUFI® Passive modeling software

Phius QA/QC workbook



Modeled vs Measured Performance



Verified Performance
PHIUS+Distillery North – South Boston, MA



Passive Buildings as Capacitors of the New Grid

New Construction Retrofit / Existing Buildings



COMBUSTION AND 
ELECTRIFICATION

On-Site Combustion OK, 

BUT Electrification 

Readiness required

No fossil fuel combustion allowed

phius CORE

phius CORE Prescriptive 
& phius ZERO

ELECTRIC VEHICLE 
READINESS

Required for all 

Residential 
Phius projects

© 2023 Phius



Phius ZERO + Grid-Interactive Building (GEB)

PhiusGEB Microgrid Community

Baseline Net Zero Phius CORE → ZERO

©2023 Phius
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The Opportunity - PhiusGEB 

Image Source: RMI/GSA

Phius ZERO     +   GEB



100% Emissions Reduction
Enclosure Analysis Results per dwelling unit

113 kW
1587 kWh

47 kW 25 kW

358 kWh866 kWh

Existing 
Enclosure

Code 
Enclosure

Phius Enclosure

5 kW12 kW32 kW

NEIGHBORHOOD

126 kWh



Phius REVIVE 2024

• New Standard-setting Framework optimizing for:

➢Resilience  

➢Operational Carbon

➢Embodied Carbon

Decarbonization

Resilience

Quality 
Assurance

Health



“…a highly efficient 
home built to Passive 
House Institute U.S. 
(Phius) Standards 
can maintain 
temperature within 
the habitability 
threshold for the full 
7 days, five times as 
long as the typical 
existing building. The 
analysis results also 
show that increased 
passive efficiency will 
save 3.6 and 8.6 
lives for the current 
code and beyond-
code cases, 
respectively.”

https://ow.ly/n9WL50PmbqW

https://ow.ly/n9WL50PmbqW


ADORB Cost Example: Electrification of Apartment in Portland, OR



ADORB Results
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Market Demand / Certification Growth



Projects Database

676 Projects, 11,141 Units Certified

1000+ Projects, xxx Units Submitted

https://www.phius.org/certified-project-database



Phius Training / Upcoming Webinars + Events

Want to learn more?

© Phius

https://www.phius.org/browse-all-events



Impact and Future

© Phius 2023



Phius CORE

Phius ZERO

©2023 Phius
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Residential Code Developments
Mass Clean Energy Center Competition - What Does It Cost? 

Project Number of 
Units 

Incremental Cost

Homeowner’s Rehab Incs Finch Cambridge 98 1.4%
NorthShore Community Development Corporation’s Harbor 
Village

30 1.8%

Preservation for Affordable Housing Mattapan Station 135 2%
Beacon Communities 55 2.8%
North Commons 53 4.3%
Hanson Village 48 4.1%
Kenzi 52 1.0%



Opt-in Stretch, QAP, State & Federal Incentives

• New opt-in stretch code 
requires that any Group 
R building that is over 
12,000 square feet in 
area must meet Phius or 
another passive house 
standard

• Spurs large scale 
planned Phius re-
development Bunker 
Hill, 2699 units

© Phius

Boston Real Estate Times:
Boston Mayor Michelle Wu celebrated the beginning of a long-
awaited transformation of the aging Bunker Hill Public 
Housing Development in Charlestown, MA.



Federal Incentives
• IRA Phius/ZERH 

qualify for:
• 5k Residential 

Incentive 
• 179D Commercial 

Buildings Energy-
Efficient Tax 
Deduction

• HUD GRRP 
Leading Edge 
Award for Retrofits

© Phius
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Commercial Code Developments

• ASHRAE 227p (anticipated completion in 2025)
• Opt-In Stretch in Mass TEDI and Phius CORE/ZERO COMM 

as Alternative Compliance Path



RMI BASALT INNOVATION CENTER

CASE STUDIES – PATH TO ZERO

© Passive House Institute US



RMI Headquarters Basalt CO



PRAIRIE RECREATION & ACTIVITY CENTER

Roof: R-60
Walls: R-40
Slab: 4’ perimeter (R-20)
Windows: R-6 (U-0.16)
Air-tightness: 0.045 CFM50/ft2 envelope area
Renewable Energy: 215 kW PV Array on-site



OAK PARK CAROLL CENTER RETROFIT & NEW

Location: Oak Park, IL
Roof: R-45
Walls: R-27 (average)
Slab: R-30 (whole slab, average)
Windows: R-7 (U-0.14) average
Renewable Energy: 23.7 kW PV Array on-site
Certification Level: PHIUS+ Source Zero



NORTHBROOK PARK DISTRICT
Location: Northbrook, Illinois
Roof: R-60
Walls: R-34
Slab: R-20
Windows: U-0.196 
Air tightness: 0.049
Renewable Energy: 312.28 on-site PV
Certification Level: PHIUS+ 2015 Source Zero





425 Grand Concourse

© Phius



425 Grand Concourse



425 Grand Concourse



42 BROAD MARKET-RATE, MT VERNON NY



Predictions for Passive House 4.0 
• New standard setting framework will become 

code everywhere 
• New more powerful and accurate design & 

verification cloud-based tools, AI? 
• New continual commissioning processes 

and tools to operate buildings as designed
• Fossil fuels will go out of style 
• Revisit passive thermal mass, phase change 

materials & experiment with new materials 
(like the whitest paint) to maximize use of 
‘ambient energy’, exergy 

• Latest window technologies, thin triples, 
vacuum glazing, transparent PV will become 
code & prices will drop dramatically

• Break through in the development of 
miniature low load heat pump-based space 
conditioning and hot water appliances 

• Mass-retrofitting of existing homes at a rate 
of 1000+ units per day

• Low load, all electric direct current passive 
buildings + microgrids will become new best 
practice for designing communities

• New resilient, decentralized and 
democratized renewable energy grid 
emerges with generation from the bottom up 
& utilities will transform into large scale 
distribution and backup services 

• Buildings will become a central part of the 
energy generation infrastructure

• New business models will emerge around 
privately owned ESCOs/developers & 
consequently housing will be free…



Post Logue - Personal Musings 

and Observations



Passive House Murder 

Mystery Novel, anyone?



A Real Estate Nightmare 

on Foxhall Road



A Tale of two TEDIs…



A word on the Mass TEDI…A Comparison

Project Climate 
Zone

Type Heating 
Demand

Cooling 
Demand

Site EUI

1 5A Addition 11.4 1.89 9.3

2 5A Addition 6.29 2.46 14.17

3 6A New 5.51 0.78 16.37

4 5A Retrofit 8.09 1.56 24.03

5 4C New 3.59 1.19 21.68

6 6A New 5.45 0.83 12.37

Kbtu/ft2-yr Kbtu/ft2-yr

TEDI Limits 2.4 20

Heating Demand, Cooling Demand and Site EUI for 6 schools designed to the Phius Standard
Note:    Climate Zone 4C is the Pacific Northwest Coast (i.e. Vancouver).
             Climate Zone 5A is for Massachusetts
                Climate Zone 6A is for areas that are colder than Massachusetts 



How Performance Targets Shape Building Design

‘In general, we have found that not making targets climate-specific can lead to issues such as overheating 
and discomfort. They can also guide overinvestment in some measures, which may seem harmless, but 
directly correlates to additional up-front emissions, and could often be invested in other decarbonization 
strategies.’       
          Lisa White

https://www.phius.org/how-performance-targets-shape-building-design-and-why-its-critical-get-them-right



A few personal lessons learned…   
• Only two things are certain in life – 

death and change: the design 
guidance to manage complexities 
of environmental building 
technology will be ever evolving, 
we are never finished…we learn 
with every shift in our environment 
and adapt, the climate is changing, 
technology is, politics and even 
economics

• Building Science laws of physics 
are a constant and a safety rope up 
the steep mountain of 
decarbonization we are facing



“Thanks for asking. It is healthy for an old man to face the 
ever-changing world where everything old is made new 
again. We spend our young lives contributing to the myths 
we then invest our time as mature builders, debunking. 
We move from tool use and personnel management to 
system understanding, always keen to ensure that nothing 
has been overlooked or left out. We struggle to be 
comprehensive and frequently fail to be either graceful or 
aesthetically pleasing. We are forced to learn over and 
over and over again that simplicity is key to success. Our 
desire to accomplish more than one thing simultaneously, 
by combining systems, appears so seductive when, in 
truth, decoupling systems make them easy to identify, 
install and repair.

I have been very fortunate. I have virtually never been 
bored!”
    Oliver Drerup





Riding into the sunset

© Phius



…not old (and 
wise) enough yet 

to retire…See you 
on the dance 

floor



Thanks!
Questions?

Katrin Klingenberg

Executive Director | Phius

Kklingenberg@phius.org
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