
Efficiency Vermont is a Registered Provider with The American 
Institute of Architects Continuing Education Systems (AIA/CES).  
Credit(s) earned on completion of this program will be reported to 
AIA/CES for AIA members.  Certificates of Completion for both AIA 
members and non-AIA members are available upon request. 

This program is registered with AIA/CES for continuing professional 
education.  As such, it does not include content that may be deemed 
or construed to be an approval or endorsement by the AIA of any 
material of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product.  

Questions related to specific materials, methods, and services will be 
addressed at the conclusion of this presentation.



Learning Objectives
At the end of this program, participants will be able to:

 Understand an overview of the Passive House Energy Standard

Employ design strategies to achieve Passive House standards
.


 

Be knowledgeable in the case study of two homes; the typical Habitat Cape 
and the new Passive House design

Evaluate the benefits of modular building, including cost, quality, and the ability 
to replicate designs.



Course Evaluations
In order to maintain high-quality learning experiences, please access 

the evaluation for this course by logging into CES Discovery and 
clicking on the Course Evaluation link on the left side of the page.
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THE PROBLEM:
Buildings are the largest contributor to climate change.
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THE SOLUTION: 
Make buildings that don’t contribute to climate change.

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann

 

Architects & Vermont Energy Investment Corporation



Moving Towards Simplicity:
 19th

 
Century
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Moving Towards Simplicity:
 20th

 
Century
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Moving Towards Simplicity:
 21st

 
Century
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Energy Goal:
 Architecture 2030 Challenge
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Energy Standard to Achieve Goal

Passivhaus
 

Institut
Darmstadt, Germany

Passive House Institute US
Urbana, Illinois
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Passivhaus
 

Principle:
• Today’s highest energy standard 

applicable to all building types

• Focuses on energy conservation 
through building envelope optimization

• Utilizes energy modeling software to 
inform design decisions

• 20,000 structures built in Europe
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Passivhaus
 

Principle:
 Maintain the temperature using insulation, 

rather than by using energy.
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Passivhaus
 

Results:
• Dramatic reduction in energy 

consumption

• Superior indoor air quality

• Occupant comfort

• Lower annual energy costs

• Smaller carbon footprint 

• More durable construction details
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Passivhaus
 

Energy Standard

Heating Load (Site): 4.75 kBTU/SF/YR

Cooling Load (Site): 4.75 kBTU/SF/YR

Total Energy Demand (Source): 38 kBTU/SF/YR

Air Tightness: .6 ACH @ 50pa
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Comparison of Energy Standards
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THE STRATEGY:
How to Make a 21st

 
Century Building.
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Passivhaus
 

Concept
Controlling Heat Loss…

 
INSULATION

R60 WALLS: R90 CEILING: R60 SLAB
High Performance WINDOWS U value 0.16  
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Passivhaus
 

Concept
Controlling Gains Seasonally…

 
WINDOWS AND ORIENTATION

U VALUE .16: TRIPLE GLAZED: >.61 SHGC ON SOUTH WINDOWS
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Passivhaus
 

Concept
Controlling Heat Loss…

 
REDUCE AIR INFILTRATION

.6 ACH @ 50 PA
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Passivhaus
 

Concept
Controlling Heat Loss…

 
ELIMINATE THERMAL BRIDGES
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Passivhaus
 

Concept
Capturing Heat Gains…

 
SOLAR ENERGY
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Passivhaus
 

Concept
Capturing Heat Gains…

 
PEOPLE
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Passivhaus
 

Concept
Capturing Heat Gains…

 
EQUIPMENT
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Passivhaus
 

Concept
Controlling Gains Seasonally…

 
SOLAR THERMAL
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Passivhaus
 

Concept
Providing Fresh Air…

 
HEAT RECOVERY VENTILATION

MINIMUM .35 ACH 
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Passivhaus
 

Concept
INTEGRATED
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Energy Modeling Software:
Passivhaus

 
Planning Package (PHPP)
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A Tale of Two Houses
 Same plan, Same site, Different results

Passive HouseCape
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Initial Cape Design
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Preliminary Passive House Sketches
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Preliminary Passive House Sketches
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Preliminary Passive House Sketches
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Preliminary Passive House Sketches
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Habitat for Humanity Passive House
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Habitat Passive House Floor Plan
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SOUTH ELEVATIONWEST ELEVATION

Habitat for Humanity Passive House

SOUTH ELEVATIONWEST ELEVATION
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Habitat for Humanity Passive House

NORTH ELEVATIONEAST ELEVATION
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Habitat Passive House – Section
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Habitat for Humanity Passive House
 Footing Detail
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Therm
 

Model of Foundation Details

Code Insulation – 2” XPS Under 
Slab & on Wall (1.553 W/mK)

Passive House Insulation – 12” 
XPS Under Slab & 10” on Wall 
(0.05 W/mK)
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Habitat for Humanity Passive House
 Sill Detail
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Habitat for Humanity Passive House
 Wall Section
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Habitat for Humanity Passive House
 Second Floor Platform Detail
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Habitat for Humanity Passive House
 Eave Detail
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GWP of Insulation Materials
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www.buildinggreen.com



Payback of XPS Insulation
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Habitat for Humanity Passive House
 Windows

Thermotech
322 Gain+

.61 SHGC

Glazing U‐value .16
Frame U‐value .16
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Habitat for Humanity Passive House
 HVAC System

Air Source Heat Pump: 
Mitsubishi Hyper-heat MSZ-MUZ FE12

HRV: 
Zehnder ComfoAir 350

Soil heat exchange system:
Two 125' loops of 1" pex around the base of the footings
filled with water/glycol mix & tied to Laing 30W AC Pump & 
water-to-air coil made by Zehnder (~40F Temp Rise)

Solar Hot Water:
Sunward Solar water heating system mounted on roof with 40g 
electric hot water heater as back-up



Air‐to‐Air Heat Pump Performance



Duct Design



Post-Construction 
Performance Monitoring

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann

 

Architects & Vermont Energy Investment Corporation



Post-Construction 
Performance Monitoring
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Appliances
Refrigerator

Brand  Model  Volume

 

(ft3)  Configuration  Ice? 
KWH

 

/

 

Year 

Federa

 

l

 

std. 

% Less

 

Energy 

Whirlpool  W9RXXMFW*

 

0* 
18.92  Top Freezer  No  343  492  30% 

Brand  Model  Size 
KWH

 

/

 

Year 

Gallons

 

/

 

Cycle 

Energy

 

Factor 

Whirlpool  GU3100XTV* Standard  270  4.8  0.82 

Dishwasher
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Clothes Washer & Dryer

Bosch
WTE86300US

Axxis

 
Condenser Dryer

Brand Model Type Volume KWH/ MEF Water

(ft3) Year Energy Factor

Bosch  WFVC844*UC  Front Load  3.31  130  2.55  3.5 
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PHPP Model Verification Page

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann

 

Architects & Vermont Energy Investment Corporation



PHPP Model Window Page
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PHPP Model Heat Demand
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PHPP Model Heating Load
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Parametric Analysis



How much energy is used in houses?
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann

 

Architects & Vermont Energy Investment Corporation



Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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Habitat for Humanity Passive House
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