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OôBrien & Company

We are a green building and 

sustainability consulting firm.

Our services include: 

o Green Building Consulting

o Educational Development 

& Consulting

o Programs, Planning, and 

Policies



Topics of Discussion

o Carbon Offsets vs Carbon Reduction

o A Net Zero Society

o Not everyone can get to NZE

o Embodied Carbon

o Insulation

o Solar PV

o Single Family Case Study





Why is Net Zero not Enough!?

o Not everyone will get there

o Manufacturing plant wonôt get there

o Technology may not save us

o Those that can, must!

o Those that can do more, should!













Whatôs the next horizon! ?







The House

o Custom SFR

o 3 Bedroom

o 1.5 Bath

o 1184 sq ft

o Passive Solar Design, w/ NZE Goal

o Electric DHW & Radiant Panels w/ HRV

o Fiberglass BiBs, XPS Slab/Foundation



3D Exterior

Greg Robinson, Designer with Cascade 

Joinery (www.cascadejoinery.com)

Kulshan Community Land Trust

http://www.cascadejoinery.com/


First Floor Plan



Second Story Plan



Section



Exterior



R-21 Design

o Walls ïR-21

o Fiberglass Bat, Grade III Installation

o Foundation ïR-10

o Slab ïR-10

o Roof ïR-38

o BiBs

o Windows

o U-.35

o Elec. Baseboard, HRV, Elect. DHW



R-40 Design

o Walls ïR-40

o Various Insulation Types

o Foundation ïR-35

o Slab ïR-59

o 12ò EPS & 10ò XPS

o Roof ïR-73

o BiBs

o Windows

o U-..14 (avg)



20-Year CO2e Footprint Scope

o Energy Source

o National Grid

o Net Zero Energy - Solar PV

o Only Variables are Envelope, Insulation 

Materials & On-Site Renewable Energy



Not in the Scope

o Grid Embodied Carbon Footprint

o Distribution Embodied Carbon Footprint

o Landscaping/Site Footprint

o Water Usage



Process

o Base Carbon Footprint ïCO2e

o Energy Modeling

o Change Envelope

o Only Variables are Envelope, Insulation 

Materials & On-Site Renewable Energy

o Energy Source

o National Grid

o Solar PV

o Thin

o Crystalline





XPS
CO2: 119 kg/m3 

GWP: 122

CO2e: 340 kg/m3

Red List: Halogenated Fire Retardants

Other Concerns: Petroleum, Disposal



EPS
CO2: 65 kg/m3 

GWP: 3

CO2e: 70 kg/m3

Red List: Halogenated Fire Retardants

Other Concerns: Petroleum, Disposal



Polyiso
CO2: 119 kg/m3

GWP: 1

CO2e: 125 kg/m3

Red List: Halogenated Fire Retardants

Other Concerns: Petroleum, Disposal





Rockwool
CO2: 115 kg/m3

GWP: 0

CO2e: 115 kg/m3

Red List: Formaldehyde?

Other Concerns: ?



Rigid Fiberglass
CO2: 65 kg/m3

GWP: 0

CO2e: 65 kg/m3

Red List: Formaldehyde?

Other Concerns: ?



Perlite
CO2: ?? kg/m3

GWP: 0

CO2e: ?? kg/m3

Red List: ??

Other Concerns: ??





Fiberglass Bat
CO2: 33 kg/m3

GWP: 0

CO2e: 33 kg/m3

Red List: Formaldehyde

Other Concerns: ???



Fiberglass BiBs
CO2: 33 kg/m3

GWP: 0

CO2e: 33 kg/m3

Red List: ??

Other Concerns: ???



Fiberglass Bat - NF
CO2: 33 kg/m3

GWP: 0

CO2e: 33 kg/m3

Red List: ??

Other Concerns: ???





Cellulose
CO2: 58 kg/m3

GWP: 0

CO2e: 58 kg/m3

Red List: ??

Other Concerns: Borate



Cotton
CO2: 30 kg/m3

GWP: 0

CO2e: 30 kg/m3

Red List: ??

Other Concerns: Borate





Polyurethane - Closed
CO2: 96 kg/m3

GWP: 713

CO2e: 3300 kg/m3

Red List: Halogenated Fire Retardants, Part B

Other Concerns: Petroleum



Polyurethane - Open
CO2: 24 kg/m3

GWP: 1

CO2e: 29 kg/m3

Red List: Halogenated Fire Retardants, Part B

Other Concerns: Petroleum





Cementitous Foam
CO2: ?? kg/m3

GWP: 0

CO2e: ?? kg/m3

Red List: ??

Other Concerns: ??



R/cm kg CO2/

kg (ins.)

GWP kg /m3

(ins.)

Kg CO2/

m3

kgCO2e/

m3

XPS 2.36 3.40 122 35 119.00 338.60

Polyiso 3.14 3.4 1 35 119 125.27

EPS 1.97 2.80 3 23 64.4 69.80

Rockwool 1.38 1.20 0 96.33 115.60 115.60

Rigid 

Fiberglass

1.57 1.35 0 48.16 65.01 65.01

Cellulose 1.38 0.90 0 64.22 57.80 57.80

Cotton 1.18 1.28 0 23.28 29.80 29.80

Fiberglass 

(2lb Density) 

1.57 1.35 0 24.08 32.51 32.51

Foam - Open 1.57 3.00 1* 8.03 24.22 29.22

Foam ïClosed 3.14 3.00 713 32.11 96.33 3309.33





R-21 Fiberglass CO2e

o Insulation CO2e Calculation

o Wall Thickness = R-21/R-1.57 = 13.4 cm

o Wall Volume = (2*11 + 2*6 + 4*13.4/100) 

* 3 * 13.4/100 = 13.9 m3

o CO2e = 13.9 m3 * 32.5 kgCO2e/m3 = 

451.2 kg (.45 metric tons)



R-21 Solar PV CO2e

o Solar CO2e Calculation

o Thin PV = .088 kW/m2

o CO2e Crystalline = 225 kg/m2

o CO2e Thin = 67 kg/m2

o Total m2 = 15kW / .088 kW/m2 = 170.5 

m2

o CO2e = 170.5 m2 * 67 CO2e = 11420.5 

kg (11.4 metric tons)



R-21 Total CO2e

o Total CO2e

o Wall CO2e + PV CO2e = Total CO2e kg

o 451 + 11421 = 11872



Embodied CO2e Footprint
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Solar PV - Crystalline
CO2: 225 kg/m2

GWP: 0

CO2e: 225 kg/m2

Red List: ??

Other Concerns: ??



Solar PV - Thin
CO2: 67 kg/m2

GWP: 0

CO2e: 67 kg/m2

Red List: ??

Other Concerns: ??



NZE Solar PV CO2e Footprint
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Solar Sizing

o PH ïSolar PV 2+x larger than roof

o Baseline ïSolar PV 4+x larger than roof

o PH with Shed Roof ïPV=Roof

o Baseline with Shed Roof ïPV=2x Roof



Solar PV Sizes

Drip Line

Å897 sq ft

Current Design 

Allownce

Å3.75 kW = 470 sq ft



Solar PV Sizes

Passive House NZE

Å7.5 kW = 940 sq ft



Solar PV Sizes

Drip Line

Å897 sq ft

Current Design

Å3.75 kW = 470 sq ft

Passive House NZE

Å7.5 kW = 940 sq ft

Baseline NZE

Å15.5 kW = 1910 sq ft



CO2e 20-Year Footprint

Grid vs NZE
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CO2e 20-Year Footprint ïGrid
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CO2e 20-Year Footprint

NZE
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CO2e 20-Year Footprint
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CO2e 20-Year Footprint
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CO2e 40-Year Footprint
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CO2e 60-Year Footprint
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What was I thinking?



We can do Better!

o Eliminate Foam in the Walls

o Insulate slab and foundation w/ 2ò XPS

o Use a footprint to R-value insulation

o Fiberglass BiBs

o Run model with 68ę and 65ę design 

temperatures.

o Solar PV Thin Film



Passive House Minus NZE

CO2e 20-Year Footprint
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Passive House

Solar PV Size

Drip Line

Å897 sq ft

Passive House NZE

Å7.5 kW = 940 sq ft

WSEC NZE

Å15.3 kW = 1910 sq 

ft


