
CARBON EQUITY 2030
Considering Embodied Carbon on a tight timeline

Image: Climate Change 2021: The Physical Science Basis, Cover - IPCC, 2021



Context: Criteria for Fair Housing

Affordability

R
Reliable energy

costs
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Health / Safety
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The Primitive Hut An Architectural theory by 
Marc-Antoine Laugier that explores the anthropological 
relationship between humans and the natural environment.

Fundamental Human Housing Requirements

Mid 1700’s 2021
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Context: North Miller Passive Multifamily (Phius+ 2018)

“Am I going to Hell for this?” 
Michael Robinsons (Builder/Developer) on the use of 
Closed Cell spray foam

Embodied Carbon in Retrofits
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Context: Habitat 4 Humanity + Phius 

‘Rural Build’: Columbia County Habitat 
for Humanity, Barlis Wedlick Architects, Northeast 
Projects, The Levy Partnership, RAPP Construction

Low Income Passive House Development

Affordability

R
Health / Safety

R

Low Operational 
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Low Embodied 
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?



Context: ‘Climate Change 2021: The Physical Science Basis’
Intergovernmental Panel on Climate Change

How do Passive Buildings
relate to this information?

Image: Climate Change 2021: The Physical Science Basis, Cover - IPCC, 2021



Defining Carbon Fair Share

XXV

Emissions Gap Report 2020

and fostering societal change as consumers, 
citizens, owners of assets and members of 
communities. The participation of civil society 
is necessary to bring about wider changes in the 
social, cultural, political and economic systems in 
which people live.

 ▶ Lifestyle emissions are linked to many sources 
and sectors. Foremost among these are mobility, 
residential and food, each of which contributes 
close to 20 per cent of lifestyle emissions, thus 
implying strong mitigation potential in these 
areas. For example, foregoing one long-haul return 
flight has the potential to reduce annual personal 
emissions by 1.9 tCO2e per capita on average. 
Home energy emissions can be tackled through 
improving existing and new housing stock. The 
use of renewable electricity by households could 
also reduce emissions by approximately 1.5 tCO2e 
per capita per year for those on higher incomes. 
In terms of food, shifting consumption towards 
low-carbon diets has strong emissions reduction 
potential. Moving to a vegetarian diet, for example, 
could reduce emissions by an average of 0.5 tCO2e 
per capita per year.

 ▶ There are numerous examples of good practices in 
both the developing and developed world that show 
it is possible to lead more sustainable lifestyles. 
Such examples include: replacing domestic 
short-haul flights with rail journeys and providing 
incentives and the infrastructure necessary for 
cycling and car-sharing, while restricting petrol 
cars; improving the energy efficiency of housing 
and renewable energy defaults from grid providers; 

ensuring the provision of low-carbon food in the 
public sector and developing policies to reduce 
food waste.

14. Equity is central to addressing lifestyles. 
The emissions of the richest 1 per cent

of the global population account for more
than twice the combined share of the poorest
50 per cent. 

 ▶ Compliance with the 1.5°C goal of the Paris 
Agreement will require reducing consumption 
emissions to a per capita lifestyle footprint of 
around 2–2.5 tCO2e by 2030. This means that 
the richest 1 per cent would need to reduce their 
current emissions by at least a factor of 30, while 
per capita emissions of the poorest 50 per cent 
could increase by around three times their current 
levels on average (figure ES.8). 

 ▶ COVID-19 has provided insight into how rapid 
lifestyle changes can be brought about by 
governments (who must create conditions that 
make lifestyle changes possible), civil society 
actors (who must encourage positive social norms 
and a sense of collective agency for lifestyle 
changes) and infrastructure (which must support 
behaviour changes). The lockdown period in 
many countries may be long enough to establish 
new, lasting routines if supported by longer-
term measures. In planning the recovery from 
COVID-19, governments have an opportunity to 
catalyse low-carbon lifestyle changes by disrupting 
entrenched practices. 

Figure ES.8. Per capita and absolute CO2 consumption emissions by four global income groups for 2015 
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Defining Carbon Fair Share
Carbon Contribution per person by sector

Cooking (3%)

Appliances (9%)

Lighting (4%)

Space Heating (30%)

Water Heating (11%)

Building HVAC
 (41%)

Travel
 (43%)

Building Energy
 (16%)

Annual CO2 contribution per person by sector

2.1 tCO2   =
/ person.yr



Defining Carbon Fair Share
Building sector carbon budget per year

2.1 tCO2   =
/ person.yr

2021 2022

0 1 2.1.86

Annual CO2 contribution per person

Travel
 (43%)

Building HVAC
 (41%)

Building Energy
 (16%)

tons CO2eq.

1.19 tCO2
/ person. year (building energy use only)



Defining Carbon Fair Share
1.2 tCO2 Building Budget, but what about embodied carbon?

2021 2022

0 1 1.2

Annual Operational CO2 contribution per person 

Building HVAC
 (41%)

Building Energy
 (16%)

tons CO2eq.

2021 2022

0 1

Embodied CO2 contribution per person during the duration of construction (IECC Baseline)

Embodied Carbon
 (275% Operational Carbon)

2 3 4.4 tons CO2eq.4
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and seven more on the largely residential North 

Miller Street. Calculating potential tax credit 

dollars for this area showed that these eleven 

properties could result in as much as $1.7 million 

in tax credits, and an additional $85,000 in tax 

revenue for the City. (Fig. 135 + 136)

Nearby Downing Park, with its picturesque 

landscape and sweeping views, was historically 

a destination for leisure activities. Visitors 

climbed the path uphill to the east end of the 

park for magnificent views of the Hudson River, 

and would exit down the path beside the Chapman 

Steamer Central Firehouse, at the northeast corner 

of the park. This entrance, like all entrances to 

the park, was beautifully designed and welcoming.

However, in 1960, in order to encourage traffic to 

move west to east, and connect Route 9W to the 

declining Water Street Business District, the New 

York Department of Transportation collaborated 

with the city to extend South Street all the way 

down to Water Street. (Fig. 137 a + b)

The park, as well as this popular path, was 

destructively altered, resulting in declining 

visitorship. The only entrance at the northeastern 

corner has become a disconnected and hard-to-find 

Downing 
Park

Downing 
Park

Welcome to Newburgh, NY
Site conditions and adjacencies
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Vacant Lot
Existing Building Stock
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197 North Miller

192 / 194 Dubois

Welcome to Newburgh, NY
5 Adjacent lots between North Miller and Dubois Street

(Case 01)

(Case 02)



Case 01: 197 North Miller
Retrofit, Phius+ 2018
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New high performance simulated
double hung window in existing
opening, Zola Thermowood

New high performance window in
existing opening, Zola uPVC

Continuous mineral wool insulation and neoprene
gasket in 1" gap between buildings

New high performance window in
existing opening, Zola uPVC

New high performance window in
existing door opening with infilled sill to

match adjacent sill heights, Zola uPVC

Existing fire escape
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5/8" Sheetrock Firecode core panels or 58"
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6" Unfaced polyisocyanurate insulation
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TOP PLATE
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Cementitious stucco over
wire drainage plane and wire lathe

Existing brick wall, ckean and repair as
required

parge coating

Cavity filled with Batt fiberglass insulation
(R-3.3/in_R-18 Total)

Intello smart air-barrier

1-1/2" Furred chase wall - uninsulated
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1/2" painted type X GWB

Cavity filled with 
(R-3.3/in_R-18 
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required

parge coating

R-60 TOTAL

4"

71
2"

11
2"

4" Cavity filled with Polyisocyanurate
insulation
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Continuous mineral wool as fire blocking
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2x4 Stud wall @ 16" O.C. - cavity filled with
closed cell spray foam
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2x4 Stud wall @ 16" O.C. - Cavity filled with
dense pack cellulose insulation2223
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Thin wall
NTSB1



STAIR A

STAIR B

VESTIBULECLOSETBEDROOM

BEDROOM

BEDROOM

VESTIBULE

OFFICE

Repair and reuse existing stoop and guardrail as required

New high performance door and sidelite in existing opening,
Zola ThermoWood - overinsulated

C

C

10'-2-3/4"
FLOOR 02

19'-3-1/2"
FLOOR 03

0'-0"
FLOOR 01

-1'-3-1/2"
B.O. CEILING

18'-5-1/2"
B.O. CEILING

9'-4-3/4"
B.O. CEILING

-7'-6-1/2"
T.O. SLAB

27'-1"
B.O. CEILING

New high performance simulated
double hung window in existing
opening, Zola Thermowood

New high performance simulated
double hung window in existing
opening, Zola Thermowood

Repair and reuse existing cornice and
archtictural facade details

New insulated roof over existing roof, sister
beams as required for structural integrity

New high performance door and sidelite in existing opening,
Zola ThermoWood - overinsulated

Existing floor repairs and framing sistered
with new 8" deep LVL lumber

Existing floor repairs and framing sistered
with new 10" deep LVL lumber

Existing floor repairs and framing sistered
with new 10" deep LVL lumber

Existing roof repairs

Draft stop in stair stringer

Draft stop in stair stringer

Sister existing beams with new
lumber and insulate between joists

29
'-1

01 4"
6'

-9
"

32
'-3

1 2"

Roof Assembly:
Modified bitumen roofing over 4" polyisocyanurate

insulation, substrate, Existing rafters sistered w/ new
LVLs, cavities filled with 2" closed cell insulation and

cellulose insulation, Air barrier, 2x2 chase, GWB
(R-63 Total)

Typical Wall Assembly:
Existing brick wall, 2x4 stud wall held off brick w/

cellulose insulation, air barrier, 2x2 chase cavity, GWB
(R-35 Total)

Typical Floor Assembly:
GWB, 2x2 chase cavity, 8" LVL sistered to existing

beams, cavity filled with closed cell spray foam,
plywood subfloor, finished floor

(R-33 Total)

Typical Basement Wall Assembly:
Existing stone foundation wall, 2x4 stud wall held off
stone w/ closed cell foam insulation as vapor barrier,
GWB

Typical Wall Assembly:
Existing brick wall, 2x4 stud wall held off brick w/
cellulose insulation, air barrier, 2x2 chase cavity, GWB
(R-35 Total)

See thermal bridge documentation

A-400

1/2" = 1'-0"SECTION THROUGH STAIR
1/2" = 1'-0"1
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Case 01: 197 North Miller
Operational Carbon Analysis

0 1 1.2

Annual Operational CO2 contribution per person 

Building HVAC
 (72%)

Building Energy
 (28%)

tons CO2eq.

0 1.43 tons CO2eq.

2021 2022

2021 2022

Fair Share

N Miller

WUFI, Source Energy Report 



2021 2022

0 1

Annual Embodied CO2 contribution per person during the duration of construction

2 3 4.4 tCO2eq.4

2021 2022

0 1 2 3.1 tCO2eq./person

Fair Share

N Miller

EC3 Tool analysis of North Miller Passive House Embodied Carbon

Case 01: 197 North Miller
Embodied Carbon Analysis

Total EC: 
28 tCO2eq.



Annual Embodied CO2 contribution per person during the duration of construction

Case 01: 197 North Miller
Relative to Fair Share carbon 

2021 2022

0 10.6 tCO2eq.

Fair Share
2023 2024 2025 2026 2027 2028 2029 2030

tCO2eq. 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6

N Miller
Embodied Carbon

Operational Carbon

4.2 tCO2eq.

0.43 tCO2eq/yr

8.07 tCO2eq. (combined)



Case 01: 197 North Miller
Affordability: Development costs + Business model

Total cost of Construction:   $452,607
NYSERDA:       $66,322
Adjusted cost:      $386,285
Gross ft2:       $3,972

Cost / FT2:     $97.25

Avg Income, Newburgh:   $41,769/yr
40% Avg Income:    $16,707/yr
         $1,392/mo

Utility-included Rent:   
$1450/mo



Case 02: 124 / 126 Dubois
Street Perspective
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Mechanical

iCFA: 25.75 sq ft

Window Area: 0 sq ft

Net Volume: 231.75 cu ft

Mechanical

iCFA: 25.75 sq ft

Window Area: 0 sq ft

Net Volume: 231.56 cu ft

Core

iCFA: 108.75 sq ft

Window Area: 9 sq ft

Net Volume: 978.59 cu ft

Core

iCFA: 108.75 sq ft

Window Area: 0 sq ft

Net Volume: 977.89 cu ft

Bedroom

iCFA: 117.25 sq ft

Window Area: 13.25 sq ft

Net Volume: 1,055.77 cu ft

Bedroom

iCFA: 117.25 sq ft

Window Area: 13 sq ft

Net Volume: 1,055.42 cu ft

Bedroom

iCFA: 112.5 sq ft

Window Area: 10 sq ft

Net Volume: 1,007.52 cu ft

Bathroom

iCFA: 48.75 sq ft

Window Area: 0 sq ft

Net Volume: 439.69 cu ft

Bathroom

iCFA: 48.75 sq ft

Window Area: 0 sq ft

Net Volume: 439.19 cu ft

Laundry

iCFA: 13.5 sq ft

Window Area: 0 sq ft

Net Volume: 120.48 cu ft

Laundry

iCFA: 13.25 sq ft

Window Area: 0 sq ft

Net Volume: 119.76 cu ft

Open Living Space

iCFA: 451.5 sq ft

Window Area: 103 sq ft

Net Volume: 4,063.92 cu ft

Bedroom

iCFA: 110.75 sq ft

Window Area: 9.75 sq ft

Net Volume: 996.41 cu ft

Open Living Space

iCFA: 451.5 sq ft

Window Area: 103 sq ft

Net Volume: 4,063.92 cu ft

3/8"   =    1'-0"
1

Second/Third Floor

N

west facing bay
window

privacy wall

lot line

guardrail

deck

Unit 2S

Unit 2N



Case 02: 124 / 126 Dubois
Section perspective through mechanical closets



Case 02: 124 / 126 Dubois
Section perspective through bedroom and private balcony

68 F

18 F



Case 02: 124 / 126 Dubois
Section perspective through living area and lightwell

800 Lux

50 Lux

< ideal



0 1 1.2

Annual Operational CO2 contribution per person 

Building HVAC
 (72%)

Building Energy
 (28%)

tons CO2eq.

0 1.43 tons CO2eq.

2021 2022

2021 2022

Fair Share

N Miller

0 .73

2021 2022

Dubois

WUFI, Source Energy Report 

tons CO2eq.

Case 02: 124 / 126 Dubois
Operational Carbon Analysis



2021 2022

0 1

Annual Embodied CO2 contribution per person during the duration of construction

2 3 4.4 tCO2eq.4

Total EC: 
79 tCO2eq.

2021 2022

0 1 2

4.41 tCO2eq./person

Baseline

Dubois

EC3 Tool analysis of North Miller Passive House Embodied Carbon

Case 02: 124 / 126 Dubois
Embodied Carbon Analysis



Summary
Total Carbon per person by 2030 (Building sector only) 

2021 2022

0 10.6 tCO2eq.

Fair Share
2023 2024 2025 2026 2027 2028 2029 2030

tCO2eq. 1.2 2.4 3.6 4.8 6.0 7.2 8.4 9.6

N Miller
Embodied Carbon

Operational Carbon

4.2 tCO2eq.

0.43 tCO2eq/yr

8.07 tCO2eq. (combined)

4.4 tCO2eq.

0.73 tCO2eq/yr

Dubois
Embodied Carbon

Operational Carbon

10.97 tCO2eq. (combined)



CARBON EQUITY 2030
Considering Embodied Carbon on a tight timeline

Image: Climate Change 2021: The Physical Science Basis, Cover - IPCC, 2021

Thank You
John Loercher, CPHC

John@ne-projects.com


