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ABSTRACT  
Sustainability has become a core focus in architectural design, driving the construction industry toward more 
environmentally responsible building practices. As architects seek to minimize the carbon footprint of their projects, 
understanding material choices is crucial. Three key green building standards—LEED, Passive House, and the Living 
Building Challenge—offer strategies to reduce environmental impact through comprehensive performance and 
operational approaches.  
 
With development by the academic community of a simulation with the partnership of SPF system houses there is the 
ability to detail the total carbon footprint of a building assembly. A series pre-designed of spray foam wall enclosures 
have been evaluated.  The evaluation includes detailing the total carbon footprint of the enclosure, including options 
for various cladding types, structural systems, and thermal insulation, giving architects an invaluable tool to make 
informed, sustainable design decisions. 
 
This presentation will highlight how carbon footprint stacks up against traditional insulation options and how its raw 
materials contribute to its status as a low-carbon solution. Additionally, key terms such as carbon footprint, embodied 
carbon, LCAs, and EPDs will be clearly explained to ensure the reader leaves with a solid understanding of these 
critical concepts. 
 
DISCLAIMER 
Although Honeywell International Inc. and Elastochem believe that the information contained herein is accurate and 
reliable, it is presented without guarantee or responsibility of any kind and does not constitute any representation or 
warranty of Honeywell International Inc., either expressed or implied. Several factors may affect the performance of 
any products used in conjunction with user’s materials, such as other raw materials, application, formulation, 
environmental factors, and manufacturing conditions among others, all of which must be taken into account by the 
user in producing or using the products.  The user should not assume that all necessary data for the proper evaluation 
of these products are contained herein.  Information provided herein does not relieve the user from responsibility of 
carrying out its own tests and experiments, and the user assumes all risks and liabilities (including, but not limited to, 
risks relating to results, patent infringement, regulatory compliance and health, safety, and environment) related to the 
use of the products and/or information contained herein. 
 
INTRODUCTION 
The construction industry is responsible for roughly 40% of the worldwide carbon emissions.  This is larger than any 
other segment. (Figure 1). 
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Figure 1.  Worldwide Carbon Emissions1 

 
 
When one looks at the carbon impact of a building there are two sources of carbon emissions from a building (Figure 
1), one associated with building operation which is estimated to be  ~28% of the emissions and the other, embodied 
carbon, which is associated with the manufacture of the building materials  used in the structure which is estimated to 
be ~11%. The construction and design community have done extensive work on making the buildings more energy 
efficient, and in the process, reduced the building’s operational carbon. So, the focus on the embodied carbon 
associated with the manufacture of the building products has become more visible to the design and regulatory 
community.  
 
Embodied carbon can easily be defined as the GHG emissions before a building is ever commissioned or built. It 
includes items such as emissions from the energy used to extract raw materials (mining, logging, refining), the energy 
associated with the manufacture of building products (such as kilns, furnaces, laminators, foam reactors), transporting 
materials to the job site, installations and eventually disposal or recycling at the end of life. Figure 2  
 

 
Figure 2.  Sources of Embodied Carbon in Building Materials 

 
 
With the ever-changing regulatory landscape, the focus on carbon emissions has varied. Figure 3 shows the world’s 
carbon emissions by country.  
 

 
1 Global ABC- Global Status Report 2018 
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Figure 2. World’s Carbon Emissions by Country2 

 
 
Canada represents only 1.5% of the carbon emissions but it has made significant regulatory efforts to reduce all the 
carbon emissions associated with buildings. The Canadian Board for Harmonized Construction Codes (CBHCC) has 
approved changes on an objective to address greenhouse gas (GHG) emissions and technical requirements for 
operations GHG emissions for the 2025 editions of the National Energy Code of Canada for Building (NECB) and 
the National Building Code of Canada3. This focuses on reducing building energy requirements (i.e. the operational 
carbon footprint).  In addition, the CBHCC’s work plan for the 2030 code cycle includes the development of technical 
requirements to minimize excessive embodied GHG emissions. The CBHCC’s federal, provincial, and territorial 
Working Group on Climate Change Mitigation was struck to draft policy direction to inform the planned technical 
work for the 2030 Codes. These efforts will focus on new homes and commercial buildings.  
 
Although the regulatory driver is important in any situation the bigger influence is the adoption of using total carbon 
(embodied + operation) in the absence of regulations by the building design community.  The 2030 Architectural 
Challenge is a global effort to evaluate embodied carbon in building assemblies. This effort is fully engaged in Canada. 
To support this effort the industry formed an advisory panel of Building science firms, Universities, Government 
agencies, Architects, Manufacturers to develop a catalog of various building materials and wall assembly design for 
architects to use as reference when considering embodied carbon.  The initial work was entitled “New Design 
Resources for Embodied Carbon Targets” and published by RDH Building Science4.   “In this guide, we have 
quantified the embodied carbon intensity of commonly used enclosure systems in the Greater Toronto and Hamilton 
Area (GTHA) used in office, multi-unit residential and institutional buildings (Ontario Building Code (OBC) Part 3 
buildings). Using a standardized life cycle assessment methodology for calculating CO2 equivalent emissions, 
embodied carbon metrics were established for 26 different enclosure assemblies.”  4  
 
 
 
 

 
2 Global Carbon Atlas as of 2021 
3 https://cbhcc-cchcc.ca/en/phase-1-embodied-ghg-draft-policy-positions/ 
4 RDH-TMU Embodied Carbon Resource Guide and Udisi et al. Embodied Carbon Impacts of Building Envelope 
Systems, World Sustainable Built Environment (2024). 
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The transition from HFC to Honeywell’s Solstice HFO blowing agents has dramatically reduced the embodied carbon 
of polyurethane foam. This reduction is highlighted in the product LCA and EPD published by the manufacturers.  It 
is also discussed in a paper published by Honeywell in 2012.5 This makes the use of Solstice LBA based spray foam 
an ideal insulation for building assemblies, especially when embodied carbon is a consideration.  
 
Lifecycle Analysis (LCA) VS Environmental Product Declaration (EPD) 
 
Data for this analysis comes from a variety of sources.  Often today the terms LCA (Life Cycle Assessment) and 
EPD (Environmental Product Declaration) are used interchangeably by the casual observer. Both sources are used in 
this analysis, and it is important to understand the difference. Table 1 below compares the documents and cites their 
similarities and differences.  
 
Table 1: Comparison of LCA and EPD 

Document: LCA EPD 
Life Cycle Assessment Environmental Product Declaration 

What is it: 

A scientific methodology for assessing the 
environmental impacts of a product, process 

or service throughout its entire life cycle 
(from raw material extraction to disposal) 

A standardized 3rd party verified report that 
provides transparent and comparable information 

about the environmental impact of a product 
throughout its life cycle. 

Created from LCA 

Purpose: 
To understand and quantify environmental 
impacts (e.g. carbon footprint, water use, 

energy use, pollution) 

To communicate environmental performance 
transparently and credibly to external 

stakeholders (e.g. customers, regulators, building 
rating systems like LEED) 

Scope: Flexible, can be comparative, exploratory, 
or support internal decision-making 

Follow a specific Product Category Rule (PCR) 
to ensure comparability between similar products 

Audience: Internal stakeholders, researchers, policy 
makers 

External- architects, engineers, sustainability 
professionals, procurement officers 

Standards: ISO 14040  
ISO 4444 

ISO 14025 (Type II Environmental Declarations) 
EN 158-4 (for construction) 

 
Although both follow ISO standards, the EPD follows a product category rule which makes the data used in the EPD 
more consistent in units and sources.  Therefore, in this analysis the EPD data was more heavily relied upon.  Since 
this work relies on a simulation it is also important to be specific on what components of a product life cycle are 
included and what is not in this comparison.  The graphic in Figure 3 below indicates the areas included in embodied 
and operational carbon in this analysis.  
  

 
5 CPI Conference 2012 “Life Cycle Analysis of Spray Foam Prepared with Solstice® Liquid Blowing Agent” by 
Mary Bogdan, Xuaco Pascual 
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Figure 3 Building life cycle stages contributing to upfront (embodied) and operational carbon emissions6 

 
 
 
ASSUMPTIONS 
 
 To have a building that is energy efficient and optimized for low embodied carbon there is a balance to be made. To 
do this effectively one needs to look at all options considering both the LCA and EPD of the materials and the structure. 
It is important to note that the generation of this information is being continually upgraded. Many documents are 
created for generic industry product vs manufacturer specific products. There is currently a transition to the product 
and manufacturer specific LCA’s and EPDs from a generic product one.    
 
In the analysis conducted by RDH7 there were several assumptions made and conditions set. They are described in the 
following paragraphs.  
 
“The embodied carbon emissions analysis was carried out by calculating the volume or mass of material in each layer 
of the assembly and then using emissions data from appropriate Environmental Product Declarations (EPDs). The 
calculations were made for a functional unit of 9 m2 of enclosure assembly. This was to account for all assembly 
components that might be missing in a smaller area, such as studs, insulations pins, and anchorage systems. However, 
the data is reported both for 9m2 and normalized for 1m2 carbon intensity (kg CO2e/m2) to simplify early design stage 
calculations from enclosure area take-offs. The LCA calculations assumed a building life span of 60 years. If 
components had a shorter lifespan, the emissions associated with replacement were included. 
 
The outputs for each enclosure include calculations for embodied carbon (kgCO2e/m2) for each layer of the system. 
Life cycle stages A1 to A3 are highlighted, indicating the layers with most impact. Life stages A4 and A5 are also 
included although these are a small proportion of the total. It should be noted that A5 emissions are attracting 
considerable attention at present but mostly these are attributed to general site activities and not to individual 
components or materials. To give some indication of total environmental impact including stages A, B and C, these 
are also reported based on various TRACI environmental impact categories but with less confidence of their accuracy. 
Biogenic carbon, which refers to carbon that is taken out of the atmosphere and stored in biological materials such 
as trees or plants through the process of photosynthesis, is also reported where appropriate. Materials that originate 

 
6  RDH Building Science | Embodied Carbon- Elastochem and Honeywell | July 31, 2025 , Page 2 
7 RDH-TMU Embodied Carbon Resource Guide and Udisi et al. Embodied Carbon Impacts of Building Envelope 
Systems, World Sustainable Built Environment (2024).page 6-8  
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from biological sources may sequester carbon while in use as part of the enclosure system. In this respect biogenic 
carbon stored in timber and other plant-based materials can be viewed as a negative emission. Timber used in 
construction is considered to lock in the biogenic carbon for the lifetime of the building. When a component using 
such materials reaches the end of its life it is assumed to be incinerated with the stored carbon released back into the 
atmosphere.”8 
 
In Figure 4 below you can see that the A1 to A4 are graphically represented. The data for A4 and A5 are estimated 
from One Click database.  As data generation increases for the building components the accuracy and regional focus 
of this data will increase and become more accurate.  
 
Figure 4 Summary of Embodied Carbon for Assembly 

 
 
 
Analysis of Building Assemblies:  
The use of this simulation allows the designer to compare two different assemblies or build an assembly with the 
focus on minimizing embodied carbon. This paper discusses the comparison of a commercial wall assembly one 
insulated with mineral wool and the other with Solstice LBA spray foam. These assemblies were prepared for the 
Toronto Ontario market.   The paper also presents information on a brick and aluminum panel based commercial 
assembly that includes multiple types of insulation. These assemblies are for the US market.  An option that may be 
found in high rise structures.  
 
Comparison of Retrofit Assemblies in Toronto 
Initially let’s begin by comparing the same commercial assembly that utilizes two different insulations. This is an 
exterior masonry wall assembly. It is a retrofit application.  These assemblies were modeled to meet the Toronto 
Green Standard. The baseline targets effective R-value the roof wall, exposed floor and vision glazing.  The thermal 
performance target was set at R-25 for walls, R-30 for roofs and R-25 for floors. 9  It is important before we 
compare the assemblies that the details of each assembly are considered separately.  The first assembly we are 
considering is Assembly 14 from the RDH report9.  It represents an existing masonry with interior mineral wool 
insulation assembly.  A summary of the values for the assembly are represented in Figure 5 below.  
 
 
 
 
Figure 5 Summary of Values for Existing Masonry with Interior Mineral Wool Insulation Assembly9.  

 
8 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 3 
9 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 
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The mineral wool contributes the most to the assembly embodied carbon of all the components  
 
Table 2 R- Value Calculations for Existing Masonry with Interior Mineral Wool Insulation Assembly. 9 

 
 
The major contributor to R-value in the assembly is mineral wool.  
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Table 3 Embodied Carbon Emissions (A1-A3 Life Stages) for 9m2 for Existing Masonry with Interior Mineral 
Wool Insulation Assembly. 10  

 
Since this is a retrofit assembly, the brick does not contribute to the A1-A3 embodied carbon. If this was new 
construction the contribution for the brick would be significant.  Based upon the data for the building materials the 
internal insulation- mineral wool, represents 66% of the embodied carbon.  The final table for the assembly Table 4 
is a summary of the environmental emissions (A1 to C4 life stages) for 9m2. 
 
 
Table 4 Environmental Emissions (A1-A3 Life Stages) for 9m2 for Existing Masonry with Interior Mineral 
Wool Insulation Assembly.11  

 
Although significant the GWP impact is not the largest of the categories.  The eutrophication is the largest.  
Eutrophication is the process in which a water body becomes overly enriched with nutrients, leading to the plentiful 
growth of simple plant life. 
 
The second assembly we are considering is Assembly 15 from the RDH report12.  It represents an existing masonry 
with interior HFO spray foam insulation assembly.  A summary of the values for the assembly are represented in 
Figure 6 below. 
 

 
10 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45 
11 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45 
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Figure 6 Summary of Values for Existing Masonry with Interior HFO Spray Foam Insulation Assembly12. 

 
 
The impact of the embodied carbon for this assembly is minimal.  
 
Table 5 R- Value Calculations for Existing Masonry with Interior HFO Spray Foam Insulation Assembly.13 

 
The major contributor to R-value in the assembly is HFO closed cell spray foam.  
 
  

 
12 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 46 
 
13 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 
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Table 6 Embodied Carbon Emissions (A1-A3 Life Stages) for 9m2 for Existing Masonry with Interior Mineral 
Wool Insulation Assembly. 14  

 
Since this is a retrofit the brick does not contribute to the A1-A3 embodied carbon for the assembly. If this was new 
construction the contribution for the brick would be massive.  Based upon the data for the building materials the 
internal insulation- spray foam only represents 26% of the embodied carbon.  The final table for the assembly Table 
7 is a summary of the environmental emissions (A1 to C4 life stages) for 9m2. 
 
Table 7 Environmental Emissions (A1-A3 Life Stages) for 9m2 for Existing Masonry with Interior HFO 
Spray Foam Insulation Assembly. 15 

 
With the embodied carbon being minimal all the contributions are similar.  
 
  

 
14 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 46 
 
15 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 



Reproduced by CPI with permission of Owner for the 2025 Polyurethanes Technical Conference 

Since we have now considered each assembly Figure 7 compares the two assemblies. 
 
Figure 7: Summary of Values for Existing Masonry with Interior Insulation Assembly16. 
. 

   
 
It is apparent from comparing the assemblies that the Embodied carbons for the mineral wool assembly is much 
higher than the one for the HFO spray foam assembly.  The insulation values contribute significantly to the 
difference. However, the mineral wool assemblies also require more components to meet code. This contributes to 
the embodied carbon. Figure 8 highlights the differences between assemblies.  
 
Figure 8: Comparison of Values for Existing Masonry with Interior Insulation Assembly17. 

.  
 
There is a 71% reduction in embodied carbon when comparing the spray foam assembly with the mineral wool 
assembly. The biggest impact is the embodied energy of mineral wool.  Also, the fact that the mineral wool 
assembly requires additional materials to meet code adds to the embodied carbon. 
 
 
 

 
16 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 
 
17 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 46 
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Comparison of New Assemblies in Boston 
We have compared retrofit applications and found significantly lower embodied carbon in the spray foam assembly.  
However often in an assembly, multiple insulation types are often used.    In this analysis we evaluate a new brick 
clad assembly which uses both mineral wool and HFO spray foam as insulation.  Thes assembly was modeled to meet 
the Boston building code. The baseline targets effective R-value the roof wall, exposed floor and vision glazing.  The 
thermal performance target was set at R-35 for walls. 18  It is important before we compare the assemblies that the 
details of each assembly are considered separately.  The first assembly we are considering is Assembly UR2 from the 
RDH report15.  It represents a new masonry assembly with exterior mineral wool insulation and interior HFO spray 
foam insulation. A summary of the values for the assembly are represented in Figure 8 below.  
 
 
Figure 8: Summary of Values for Brick Clad with Split Exterior Mineral Wool Insulation and Interior 
Closed Cell Spray Foam Insulation in Wood Stud19 
 

 
  
 
Table 8 R- Value Calculations for Brick Clad with Split Exterior Mineral Wool Insulation and Interior 
Closed Cell Spray Foam Insulation in Wood Stud. 20 

 
The major contributor to R-value in the assembly is HFO closed cell spray foam.  

 
18 Embodied Carbon Honeywell Enclosures, RDH Building Science, pg 17 
19 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 
20 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 



Reproduced by CPI with permission of Owner for the 2025 Polyurethanes Technical Conference 

 
Table 9 Embodied Carbon Emissions (A1-A3 Life Stages) for 9m2 for Brick Clad with Split Exterior Mineral 
Wool Insulation and Interior Closed Cell Spray Foam Insulation in Wood Stud. 21  

 
 
The brick is over 50% of the embodied carbon structure followed by mineral wool.  The final table for the assembly 
Table 10 is a summary of the environmental emissions (A1 to C4 life stages) for 9m2. 
 
Table10 Environmental Emissions (A1-A3 Life Stages) for 9m2 for Existing Masonry with Interior HFO 
Spray Foam Insulation Assembly. 22 
 

 
This analysis shows the impact of the biogenic carbon storage for wood used in the assembly.  The impact of the 
categories are similar.  

Conclusion 
 

The construction industry is responsible for roughly 40% of the worldwide carbon emissions.  As we have optimized 
energy usage in buildings (operational carbon), the efforts are now looking at embodied carbon. Embodied carbon is 
becoming a key consideration in decision making by the design community. This paper has looked at the embodied 
carbon in 3 assemblies. Two are retrofit assemblies. One utilizes mineral wool the other utilizes HFO spray foam.  
The embodied carbon is 71% lower for the spray foam assembly. The third assembly is one that is a new build which 

 
21 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 46 
22 2025 “Embodied Carbon Honeywell Enclosures” by RDH Building Science page 45-46 
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used both mineral wool and HFO spray foam.  This assembly highlights the significant increase in embodied carbon 
in a new build vs retrofit application and the importance that external cladding plays in embodied carbon.  
 Finally, the analysis of the assemblies presented in this paper point out that to minimize embodied carbon in an 
assembly one needs to not only consider individual components but also what is used in an assembly. From this 
analysis it is apparent the HFO blown spray foam has minimal impact to the embodied carbon of the assemblies tested.  
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