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Passivhaus (pas′iv-ho̵us) 
Passive House

in a very cold climate zone 



In accordance with the Department of Labor and 
Industry’s statute 326.0981, Subd. 11,

“This educational offering is recognized by the 
Minnesota Department of Labor and Industry as 
satisfying 1.5 hours of credit toward Building 
Officials and Residential Contractors continuing 
education requirements.”

For additional continuing education approvals, 
please see your credit tracking card. 
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www.passivehouse.com
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Building Performance, Measured Results

high performance architecture

Tim 
Eian
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Learning Objectives
1. Performance by design 

1.1.Cost 

1.2.Siting 

1.3.Very cold climate design 
considerations 

1.4.Leveraging an integrated team 
approach to make Passive House 
happen 

2. Performance by engineering 

2.1.Dialing in performance with the 
PHPP 

2.2.Pragmatic considerations 

2.3.Life cycle cost vs. first day cost 

3. Passive House basics in action 

3.1.Super-insulated assemblies 

3.2.Airtight construction 

3.3.Passive House windows 

3.4.Avoidance of thermal bridging 

3.5.Balanced heat recovery 
ventilation and a little heating/ 
cooling 

4. Passive House resources
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“Passivhaus” - Passive House

“A rigorous, voluntary building energy standard 
focusing on highest energy efficiency and quality of life 
at low operating cost.”
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Passive House in 90 Seconds

Video: Hans-Jörn Eich
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Basic Concept

‣Conservation first 
‣Minimize losses 
‣Maximize (free) gains



Passive: 4.75 kBtu/(sf yr)Active: 25-125 kBtu/(sf yr)
85 - 450 kWh/(m2 a), typically found in the U.S. 15kWh/(m2 a), maximum target

Source: Krapmeier & Drössler 2001
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Active versus Passive



Third-Party Certified
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Tool for Sustainable Design
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Metrics

Energy per Square Foot and Year

Gas mileage for buildings.
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Heating/ Cooling Energy Targets

≤ 4.75 kBtu/(sf yr)
≤ 15kWh/(m2 a)

≤ 7.9 kBtu/(sf yr)
≤ 25kWh/(m2 a)

≤ 9.5 kBtu/(sf yr)
≤ 30kWh/(m2 a)

New Construction

Retrofit

Entry Level
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Alternative Target for Heating/ Cooling Load

≤ 3.17 Btu/(h sf)
≤ 10W/m2



 15

Airtightness Target

≤0.6 ACH50

Measured with a blower door in the field.

≤1.0 ACH50

Image source: TE Studio
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Source Energy Targets

≤ 38 kBtu/(sf yr)
≤ 120kWh/(m2 a)

varies
≤ 120 kWh/(m2 a) + ((QH - 15 kWh/(m2 a)) * 1.2) 



Performance by Design

How to set up a cold-climate 
Passive House for success
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Passive House Paradigm Shift

>
Airtight Super-insulated

Balanced, heat-recovery ventilation

(Heat it with a candle!)

Status quo

Image source: Utahfirearmclassifieds.com

Reliance on ACTIVE systems Resilience through PASSIVE systems

=
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The “cheapest” Passive House project is one that is designed from the outset to 
become a Passive House building. It is therefore imperative to utilize and follow the 
Passive House design parameters from day one in design, planning, and for the 
construction process, which also includes training for all Project Team Members.

Cost
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Siting

1. Topography 

2. Solar window of opportunity 

3. Shade objects 

4. Views out vs. privacy in vs. solar heat gains 

5. Overlay all criteria and balance them
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Balance



Very Cold Climate 
Considerations

 22
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The Sun is everything*
*for small buildings



A. A physical measurement is required to verify all dimensions and 
quantities, and to coordinate all finishes and millwork elements with 
site conditions, new and existing equipment. All contractors shall verify 
all dimensions and quantities indicated in the drawings and schedule 
documents with conditions on the jobsite. 

B. Notify the Designer immediately of any discrepancies. 
C. In the case of ambiguities, discrepancies, or irregularities in the 

drawings and/or specifications, the Contractor shall submit a written 
request for clarification from the Designer before proceeding with the 
work. 

D. All contractors must verify the compliance of all materials and 
workmanship methods that they are providing and shall perform work 
in accordance with all applicable building codes and standards as 
amended by local codes and ordinances. 

E. Designer is not responsible for the means and methods of 
construction, and does not assume responsibility for and makes no 
representations that its project documents will meet applicable code 
requirements. 

F. Install manufactured items, materials and equipment in strict 
accordance with the manufacturer’s recommended specifications. 

G. The Contractor shall submit shop drawings, product information and 
finish samples to the Designer for approval, coordination and 
compliance with design intent. 

H. Substitutions to any materials specified herein must be approved in 
writing by the Designer. 

I. The installer must check pattern name and number noted in the finish 
schedule against the actual shipment of materials and must match 
strike-off samples. If there are any discrepancies or questions, the 
Designer must be notified prior to installation. 

J. If a HVAC vent or grille requires paint, it is to be painted to match the 
wall color on which it occurs, unless noted otherwise on this schedule 
or a separate material submittal. 

K. If more than one material is identified for a location refer to floor or wall 
finish plans and elevations for details. 
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Orient it well and keep it compact!



Thermal Bridges - TE-Studio 
 
CALCULATION OF PSI-VALUES OF TE-STUDIO STANDARD DETAILS 
 
01/08/2014 
 

© TE Studio, Ltd.   Page 16 1/12/14 

 
 

Results 

U-value wall 0.068 W/(m²K) 

Length wall 2.000 m 

U-value floor 0.083 W/(m²K) 

Length floor 2.000 m 

Boundary condition outside 0 °C / 0.04 (m²K)/W 

Boundary condition wall 20 °C / 0.13 (m²K)/W 

Boundary condition floor 20 °C / 0.17 (m²K)/W 

ΔT 20 K 

Total heat flow / m length 6.536 W/m 

Ψ (Psi-value) 0.025 W/(mK) 
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Make a thermal bridge-free design!
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Craft it meticulously!
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Go Team!

1. Don’t just sit at the same table, work together 

2. Listen to each other’s concerns and ideas but lead with knowledge, experience 
and confidence 

3. Each team member has to live up to the highest expectations 

4. Provide a complete delivery of services = no cutting and profit grabbing here
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Performance by Engineering

How to set up a cold-climate 
Passive House for success
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Learn and use the PHPP!

Image source: Passive House Institute
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Climate-based

PHPP, Climate PHPP_V9.6a_EN_Empty.xlsx

-

Climate data Passive House with PHPP Version 9.6a

  /  Climate: Minneapolis / TFA: 0 m²  /  Freq. overheating:  % /  PER:  kWh/(m²a)

Data for heating Data from monthly balance
Selection of climate data Result overview Annual method Heating Cooling

Country: US-United States of America Annual heating demand kWh/(m²a) Heating / cooling period 198 0 0 d/a

Region: Minnesota Heating load W/m² Heating / cooling degree hours 101 kKh/a

1-Sortierung: Alphabetisch Frequency of overheating % Radiation North 112 0 0 kWh/(m²a)

Climate data set: US0040a-Minneapolis Sensible cooling kWh/(m²a) Radiation East 336 0 0 kWh/(m²a)

Climate zone: 2: Cold Latent cooling kWh/(m²a) Radiation South 704 0 0 kWh/(m²a)

Cooling load - W/m² Radiation West 333 0 0 kWh/(m²a)

Altitude PER demand kWh/(m²a) Horizontal radiation 501 0 0 kWh/(m²a)

Weather station: 276.0 m

Building location: 50 m

Month 1 2 3 4 5 6 7 8 9 10 11 12 Heating load Cooling load PER
Days 31 28 31 30 31 30 31 31 30 31 30 31 Weather 1 Weather 2 Weather 1 Weather 2 factors

US0040a-Minneapolis Latitude  ° 45.0 Longitude ° -93.3 Altitude [m] 276 Daily temperature swing Summer [K] 11.1 Radiation: [W/m²] Radiation: [W/m²]

° C Exterior temperature -10.1 -6.7 0.4 9.1 15.9 21.2 24.1 22.4 16.9 10.6 1.8 -6.7 -24.4 -20.9 32.4 32.4 1.20 Household electricity

kWh/(m²month) Radiation North 12 16 25 31 44 49 47 38 27 19 13 10 25 20 100 100 1.20 Domestic hot water

kWh/(m²month) Radiation East 42 50 76 87 102 106 110 96 77 56 35 33 40 25 200 200 1.70 Heating

kWh/(m²month) Radiation South 121 122 125 105 98 88 99 109 114 116 91 99 70 40 200 200 1.25 Cooling

kWh/(m²month) Radiation West 40 51 76 86 105 105 113 103 77 58 35 30 45 30 200 200 1.50 Dehumidification

kWh/(m²month) Horizontal radiation 55 76 116 141 177 187 196 167 122 86 51 42 50 35 350 350

° C Dew point temperature -15.6 -12.6 -6.4 -0.2 6.4 12.5 15.5 14.5 9.8 3.2 -4.1 -11.8 18.5 18.5

° C Sky temperature -39.1 -29.8 -17.7 -5.9 2.9 10.1 13.3 11.6 4.5 -6.9 -18.9 -33.1 16.4 18.5

° C Ground temperature -10.1 -6.7 0.4 9.1 15.9 21.2 24.1 22.4 16.9 10.6 1.8 -6.7 -10.1 -10.1 24.1 24.1
Comment: Source: Meteonorm
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Main Modeling Output Parameters

primary energy target
incl. assumptions on
occupant choices

reflects performance
of the building

• Space heating & heating load
• Cooling (latent + sensible) & cooling load 

OR risk of overheating

• Hot water heating
• Electricity:  

Lighting, appliances, plug loads etc.
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The PHPP is a Design Tool
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Building Optimization with the PHPP

© PHI
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Be pragmatic!
1. The air-barrier is the “holy” layer; nobody messes with the air-barrier without 

permission and a detailed plan! 

2. Engineering to the exact 1/2” of insulation is not necessary. 

3. Use what is readily available but do not stretch it beyond its capabilities. 

4. Find expertise when you need it; never be afraid to ask for help. 

5. If you do not understand the building science, find someone who does! 

6. The best window on the market could still be much better for a very cold climate 
zone. 

7. Shading is not optional. 

8. Sometimes, a single spec is all that will do and that is okay. 

9. If it saves in the long run, it is the better choice. 

10.And no, open fires, combustion and exhaust-only devices will not work.
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“Value Engineering”
Before we talk about cost: Building performance is directly responsible for 
climate change. Therefore, carbon-neutral building is not an optional extra and 
any building that does not fit a sustainable future contributes to the problem and 
is therefore obsolete! 

1. First day cost only matter once, on day one. Life cycle cost matter over the entire 
life of the building. 

2. Simple ROIs cannot deliver real value engineering. Owners do not control the 
cost of the resources their buildings consume but they can control the amount 
of resources they consume; e.g. low resource use = high cost control. Only 
energy-modeling enables real value engineering as it transparently illustrates 
the resource use, which drives cost. 

3. An investment in the building envelope always pays off: A furnace dollar is 25-
year dollar (plus maintenance, energy use and replacement cost); an insulation 
dollar is a life cycle dollar (no maintenance, no energy use and no replacement). 
Therefore, a building envelope dollar is always a smarter dollar spent = passive 
design.
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Passive House Basics in Action

How to set up a cold-climate 
Passive House for success
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The 5 Passive House Principles

Image source: Passive House Institute, TE Studio
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Continuous High R-Value 
Insulation
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Passive House Windows 
And Doors











A-8.1.1
ALKATOUT RESIDENCE
TYPICAL WINDOW JAMB
Date printed: 1/24/13
Alkatout  [testudioserver]
Drawn by:

NOTE: VERIFY DIMENSIONS, OBSERVE MANF. INSTRUCTIONS
TE STUDIO, LTD.
212 2ND ST. SE #222
MINNEAPOLIS, MN 55414
612-246-4670
INFO@TESTUDIO.COM

4"

ROUGH OPENING

AIRTIGHT CONNECTION
SEAL GAP WITH LOW EXPANSION FOAM
FROM EXTERIOR

SCHEDULED TRIM

WRB CONNECTION
TAPE WBR TO WINDOW FRAME WITH SIGA
WIGLUV
CONTINUOUS INSULATION
EPS INSULATION BLOCK, GLUE INTO
PLACE

WRB CONNECTION
CAULK JAMB TO WINDOW, MATCH COLOR
OF TRIM

WINDOW SET POINT

AIRTIGHT CONNECTION
TAPE WINDOW FRAME TO WINDOW BUCK
WITH TAPE PER MANF.

EXTENSION JAMB, SITE

AIRTIGHTNESS
TAPE SHEATHING TO
WINDOW BUCK WITH

SIGA WIGLUV TAPE

3/4" PLYWOOD BUCK

ALUMINUM SILL PAN BELOW

WOOD WINDOW SILL BELOW

2 2
2 6

2
2

INSIDE

OUTSIDE

OPTIWIN ALU2WOOD WINDOW

5/4X6 EXTERIOR TRIM, TYP.

SCALE: 3"       =    1'-0"

Proper installation starts with a detailed design
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Understanding 
specifications

 52



can cover well over 50% 
of the heat demand.

Passive Solar Heat Gains









“Power is nothing without control”

Windows = Heaters



Shading
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Balanced Heat-Recovery 
Ventilation
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Residential
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Commercial
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Centralized
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Decentralized
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Continuous Airtightness



11" EIFS 11" ICF

INSULATED DUCT O.D. 180MM (LUEFTA)

2" ARMAFLEX PIPE INSULATION

TAPE ICF TO DUCT,
AIR-TIGHT CONNECTION

SEALANT JOINT

SCHEDULED WALL FINISH

FILL GAPS WITH EXPANSION FOAM

BRING INSULATION
TIGHT TO PIPE

STO GUARD
WET FLASHING SYSTEM

12" PE PIPE, SLEEVE

CUT BACK FINISH
AND CAULK

COMPRESSION TAPE

INTERIOREXTERIOR

REFERENCE DETAILS:
- STO W 260

NOTE:
- USE ONLY STO CERTIFIED SEALANT
- COLOR MATCH CAULK TO FACADE COLOR

SUGGESTED INSTALLATION:
1) INSTALL PIPE
2) INSTALL COMPRESSION TAPE
3) INSULATE TIGHT TO PIPE AND COMPRESS TAPE
4) INSTALL FINISH SYSTEM

Airtightness starts with the design.
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Once designed, air-tightness is easily managed on site.
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Thermal Bridge Free Design



Understanding thermal bridges
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Thermal bridge-free by design

Ψ ≤ 0.01 W/(mK)
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Internal Heat Gains



Image Source:  Sony Pictures

Cover a minimum of 10% of the heat demand.
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Heating, Cooling & 
Dehumidification
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Heat Flow Comparison
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Heat Loss Comparison
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➡ LEED causes building to 
be over-ventilated! 

➡ Major thermal bridges 
➡ Poor R-values 
➡ Poor components

‣Heat Loss is reduced by 72%
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Heat/ Cooling Loads in MN Projects

Heat Loads: 3 - 6 Btu/(h sf)

Cooling Loads:1.5 - 6 Btu/(h sf)
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Simple Systems
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Residential Heat Pump Systems
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Commercial Heat Pump Systems

Image Source: LG
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Small Loads and VRF
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No Waste Heat
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Building Science
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WuFi Analysis
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 112

Efficient Appliances 
and Equipment
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Energy Consumption Comparison
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‣Energy Consumption is reduced by 62% 
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Energy Flow Comparison
Base Building

9%
3%

10%

12%

2% 65%

Passive House Building

8%
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26%

34%

12%

13%

Heating
Cooling
Domestic Hot Water
Plug and Appliances 
Lighting
Auxiliary Electricity

➡ Focus on plug loads and domestic hot water➡ Focus on heating load



Source: Ecodrain Source: Sun Frost

Source: Lighting Ever
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Monitoring
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Renewable Energy Systems 
& Emissions
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Carbon Emissions Comparison

kg
/(

m
2 

yr
)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

Passive House Building

Heating
Cooling
Domestic Hot Water
Plug and Appliances
Lighting
Auxiliary Electricity

kg
/(

m
2 

yr
)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

Base Building

‣Carbon Emissions are 
reduced by 56% without 
the use of renewables!
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Adding Renewables
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Fuel responsibly for Carbon-neutral operation
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Key Benefits
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Highest Comfort

Image source: barefeetpoweryoga.com
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Indoor Air Quality
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Resource Efficiency

Image Source: dreamstime.com

http://dreamstime.com
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Cheapest Life Cycle Cost

Image Source: dreamstime.com

http://dreamstime.com
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Climate Action

Image source: artstreetic.com blu BLU

http://artstreetic.com


Resources

passivehouse.com 

passipedia.org 

passivehouse-international.orgPASSIVE HOUSE 
International

Association

naphnetwork.org 

phmn.org
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Worldwide training and network of
accredited course providers

Worldwide certification system
for building professionals

Course material / e-learning modules
in different languages

Training and Education

naphnetwork.org
Contractor Training 2019 Minneapolis

http://naphnetwork.org


Thank You!

intep.us  |  intep.com

Building Performance, Measured Results

High Performance Architecture

testudio.com
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http://intep.com
http://testudio.com

