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GOALS FOR THIS PRESENTATION:
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● Demonstrate proof-of-concept: Low-climate-impact building 

● High performance detailing: How it affects the form and 
expression of architecture.



KEY PLAYERS:

Arthur Chukhman- Architect and GC and client

New Frameworks- Enclosure Contractor, Design & Project Consultant

Chris West- Eco Houses of VT, Energy Modeling for PHIUS

Taylor Richey- Finish carpenter, Siding, Flooring, Timber framing, Porches. 
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EUI Calculation
Building Area (sf) 1550

Ave EUI Before VTGas Retrofit 95.7
Ave EUI After VTGas Retrofit 62.6
EUI Reduction % 35%

1. Dense pack 2x3 walls
2. Loose Fill attic R-60
3. Spray foam basement walls R-15
4. Basic air-sealing

VT Gas Retrofit Program Including:
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1. Certify Passive House (PHIUS) for all new construction

2. Renovate existing duplex and not raise rent per bedroom.

3. Make the new unit Net Zero Operation Energy

4. Optimize for low carbon construction 

5. Maximize the common backyard for social gathering.

6. Minimize car parking, Maximize covered bike parking (1/bedroom). 

7. Capture rainwater for gardening. P
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● Passive House goal identified early on in process
● Interest in embodied carbon, talk at BBD in 2018 solidified the 

necessity to prioritize
○ Role of education and research and trades groups in moving 

industry forward
■ Building Science Group

● Collaboration & Integrated Process



1. Large overhang- protect wall from 
weather

2. Large overhang- to shade the south 
windows from summer sun

3. Gutter to protect wall from water and 
to divert or collect the water

4. Soffit vent to vent the attic

Traditional Eave
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1. We still have a large overhang to 
protect the wall from weather

2. Added heal in the truss moves the 
overhang up higher, so larger overhang 
is needed for the same amount of 
shading.

3. We still have a traditional gutter

4. We still have a soffit vent

Modified for high 
performance
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1. Corrugated metal siding so not worried 
about protect siding from weather 

2. Windows are in the middle of a thick 
wall, so the head trim provides some 
shading to the windows. 

3. Gutter is recessed into the corner of 
the roof to wall intersection, where 
insulation is the least effective. 

4. We are venting the attic through a gap 
under and behind the gutter

Modified for this project
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What is 

embodied 
carbon?
The amount of CO2 and 
other Greenhouse Gases 
(GHGs) released into the 
atmosphere as a result 
of the extraction and 
manufacturing of building 
materials.



We cannot “net zero energy” 
our way out of the climate crisis.



Embodied Emissions + 
Operational Emissions

= Overall Climate Impact



WALL ASSEMBLY SUMMARY

WALL ASSEMBLY R-Value Thickness R-Value/in Cost/Sf Project Cost % Diff

CODE WALL 26.06 8 3.26 $37.58 112,761

MINERAL WOOL WRAP & 
BATT 45.71 14 3.26 $41.82 $125,462 8.6%

FIBERBOARD WRAP w DP 45.93 14.25 3.22 $39.28 $117,827 5.1%

TJI WALL 49.07 15.5 3.21 $40.90 $122,707 8.1%

DOUBLE STUD WALL 50.94 18 2.83 $41.22 $123,688 8.8%
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Saved Embodied CO2e in walls = 15+ Years Operating CO2e!



● Design & Planning process prioritized costs early and often
● Line itemed costs 

○ Allows for client choice
○ Helps to prioritize key goals

● Targeted New Frameworks involvement
○ Envelope-only contractor
○ Commitment to outcomes allowed for creative roles and process to 

make building possible
○ Hourly PM support
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● Cost plus contract
● Estimated contract total: $250,315.35
● Revised contract total w COs: $261,354.73
● Actual total: $255,138.30 ($6216.05 under contract total)
● $113/square foot - 41% of total cost of project



● Carbon Storing & Low Embodied Carbon materials selection:
○ FSC framing lumber, regionally harvested (Quebec)
○ Gutex-wood fiber board chosen over mineral board
○ Densepack cellulose chosen over mineral batt
○ Glavel-Foam glass sub slab insulation 

● $255,140 total cost,  $113/square foot, 41% of total cost of project ($275/sf)
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https://docs.google.com/file/d/1pjlkKhIzC9DKUrmzqsYuZmygLzP14nrl/preview
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Thermal Break DetailFoundation walls

Outboard mineral wool boards 6” thick 
first 4 feet, then 3” thick to footing.

High density XPS Thermal break at walls.

High density EPS thermal break at slab
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● Chosen to use all FSC framing lumber
● To optimize cost
● Allowed NFW crew to focus on air barrier 

transitions, and put our value there
● Pros and cons
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-Hemlock timber frame 
porches and exposed 
interior structure

-White Cedar siding and 
slats
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● Carbon Storing
● Tongue and Groove - Waterproof
● vapor open

Gutex
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● 0.29 ACH50, 
● 0.018 CFM50/sf of exterior 

wall, 
● 65 CFM50, 3565 sq ft of 

enclosure:
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Schuko UPVC - U Glass- 0.123 - U window installed- 0.16
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Solar Pathfinder shows the deciduous trees for summer shading.

This reduces the need for overhangs
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Solar Site Analysis Report from 
Solar Pathfinder Assistant 
shows Unshaded% giving 
monthly and annual.

This is input into WUFI Passive 
for each window.



After the windows had been installed  we discovered that the window 
frames were different then what was used in the energy model.
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Thermal bridge free construction to the rescue!
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‘Positive’ Thermal Bridging
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Ventilation Closet with Zehnder CA350 ERV
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Modeled Demand : 7,000 Btu/hr, 

(2) single zone Mitsubishi cold climate heat pumps. 9,000 Btu/hr 
each. 

Needed at least two heads for distribution (first and second floor)

Second floor is has no heat source and stays within 4 degrees on the 
coldest days if doors are open.

First floor location in alcove is proving to be difficult to hit a set point.

Heat pump above door in first floor entry
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WaterSense is a prerequisite 
for PHIUS  

It requires a maximum of 
0.60 gallons of water in the 
longest run of pipe
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Spread carbon competence

Develop more small scale 
multi-unit projects.

Complete a full analysis on the 
climate impact of this building.

The goal was to encourage more projects like this happen


