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Introduction to Passive House



The Passivhaus standard 

Developed in Germany 

Founded in the early 1990s

Professors Bo Adamson (Sweden) and Wolfgang 
Feist (Germany)

Introduction to Passive House
Beginnings of Passivhaus

Feist (Germany)

The first Passivhaus Standard dwellings were in 
Darmstadt in 1991

Passive House Institute US (PHIUS) 

Founded in 2007 

Goal: bring the passive house strategy back to 
the US



““PassivhausPassivhaus or 'Passive House' is the fastest or 'Passive House' is the fastest 
growing energy performance standard in the growing energy performance standard in the 
world with 30,000 buildingsworld with 30,000 buildings realized to date”realized to date” ––
Passivhaus.org/Passivhaus.org/ukuk



Passive House is a performance based certification 
system – not a prescriptive path.

Based on:

Superinsulation

Introduction to Passive House
The Principles

Superinsulation

Airtightness

Heat Recovery 

Ventilation

Passive Solar Gain



Building Energy Demand:

Heating = 4.75 BTU/hr-sf

Introduction to Passive House
Performance Criteria

Primary Energy Demand = 38 kBTU/sf-year

Airtightness = 0.6 ACH50



Introduction to Passive House



Introduction to Passive House
Compliance Tools & Verification

Excel-format 
Spreadsheet

Steady-State Heat 
Balance Calculations

PHPP (Passive House Planning Package)

Balance Calculations

Monthly Climate Data 
Averages

Simplified HVAC 
Efficiencies / Capacities

Standard Schedules for 
Occupancy and Loads

Validated Results in 
European Installations



Case Study

Orchards at Orenco



Orchards at Orenco
Project Team



Trends in Europe that show Passive House 
complexes offer better acoustics and air quality, see 
less turnover and lower maintenance costs

Affordable living – not just affordable housing

Orchards at Orenco
Why Passive House?

Reduced utility cost for building and tenants

Assessing the Passive House strategy cost vs. 
benefits

Allow development of the Passive House standard



Orchards at Orenco
Where is this project?

Orchards at OrencoOrchards at Orenco



Three stories

57,750 square feet

Orchards at Orenco
Project Statistics

7,500,000 Budget - $130/sf

57 apartments

< $25,000 annual income



Orchards at Orenco
Rendering



Orchards at Orenco
Typical Floor Plan

N



Orchards at Orenco
Passive House Strategies



Orchards at Orenco
Envelope Performance

R-39 Walls

R-81 Roof

R-18 Floors

R-6.4 Windows

17% Glazing



Electric Cove Heat

Heat Recovery Units

Heat Pump Heating / Cooling

Orchards at Orenco
HVAC Systems



Modeling for Energy Trust Incentives:

eQUEST model – v3.64

Baseline HVAC System: PTHP (all electric)

Bundled Envelope Measures & HVAC System 

Orchards at Orenco
Modeling Methodology

Bundled Envelope Measures & HVAC System 
Efficiency

Infiltration (0.82 ACH50 vs. 0.6 ACH50)

Low-flow Plumbing Fixtures



Orchards at Orenco
Typical Energy End Uses - Residential

Lights
15.0%

Domestic Hot Water
27.0%

Pumps / Fans
5.0%

Misc Equipment 
22.0%

Space Heating
28.0%

Space Cooling
3.0%

27.0%

Typical Residential Building: Baseline Energy Use
EUI = 72 kBTU/sf/year



Orchards at Orenco
Predicted Energy End Use

Lights
6.0%

Misc Equipment 
10.0%

Space Heating
3.0%

Space Cooling
1.0%

Domestic Hot WaterDomestic Hot Water
5.0%

Pumps / Fans
5.0%

Savings
70.0%

Passive House Building
EUI = 20 - 24 kBTU/sf/year



Orchards at Orenco
Energy Use Comparison
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Orchards at Orenco
Passive House Energy Analysis



Orchards at Orenco
Passive House Energy Analysis



Orchards at Orenco
Where do we stand?

Building Energy Demand Target Design

Heating (BTU/hr-sf) 3.17 2.46Heating (BTU/hr-sf) 3.17 2.46

Primary Energy Demand (kBTU/sf-year) 38 36

Airtightness (ACH50) 0.6 TBD



Comparing Design Tools

PHPP & eQUEST



Comparing Design Tools

Category eQUEST PHPP

Cost None $$

Training On line Forums & User 
Groups

Training through PHIUS 
& User Groups

Model Format DOE-2 engine Excel

PHPP & eQUEST

Model Format DOE-2 engine Excel

Initial Set Up Wizard Drawing Take-offs

HVAC Systems Complex  / Modifiable Simple – efficiency 
based

Parametric Analysis Yes No

Accepted by ETO Yes No

Hourly Simulation Yes No



Who can use it?

When each is most effective?

Comparing Design Tools
PHPP & eQUEST

What are the uses for each program?

What do they not do?



Project Lessons Learned



Importance of Passive House Boundary for 
Commercial Buildings

Optimizing Ventilation

Kitchen Hood Exhaust

Lessons Learned
Topics

Kitchen Hood Exhaust

Balance Point & Overheating

Material & Equipment Availability

Passive House US & Passivhaus Differences



Project Lessons Learned
Importance of Passive House Boundary

Infiltration Testing:

Stairs - Stack Effect

Elevators & lobby –
stack effectstack effect

Laundry – exhaust 
& make-up air

Garbage Rooms –
exhaust & make-up 
air

N



Project Lessons Learned
Optimizing Ventilation

Tightly sealed building 
requires complete 
ventilation system

Heat recovery is 
necessarynecessary

Higher airflow = more 
energy

Balance IAQ with 
energy efficiency

Providing sufficient 
exhaust



Project Lessons Learned
Kitchen Hood Exhaust

Ducting kitchen hood 
exhaust duct outdoors 
is problematic

Re-circulating hoods 
meet Passive House meet Passive House 
goals but are an IAQ 
concern

Review kitchen hood 
ducting requirements 
with AHJ



Project Lessons Learned
Balance Point & Overheating



Solutions:

Reduce Internal Loads

Shading

Operable windows

Project Lessons Learned
Balance Point & Overheating

Operable windows

Cooling of ventilation air to take the edge off



PHI ratings for HRV’s differ 
from ratings by AHRI.

PHIUS will now accept 
AHRI rated efficiencies.

Project Lessons Learned
Material & Equipment Availability / Selection

AHRI rated efficiencies.



Project Lessons Learned
Material & Equipment Availability / Selection



Project Lessons Learned

VS.



Complete Construction

Verify Performance

Final Passive House Verification

Summary
Next Steps



We need more examples of Passive House 
being applied to different application.

Push the “envelope”.

The Passive House process is becoming more 

Summary
Conclusions

The Passive House process is becoming more 
refined to reflect US conditions.

More widespread adoption will reduce costs –
just like what we saw happen with LEED.



Questions?Questions?


