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1 EXECUTIVE SUMMARY 

 
The goal of this study was to conduct a Life Cycle Assessment (LCA) on the 
environmental impacts of polyiso insulation in North America.  LCA is a 
standardized scientific method for systematic analysis of flows (e.g. mass and 
energy) associated with the life cycle of a product, service or manufacturing 
process.  As a rigorous quantitative tool, LCA is used to better understand the 
environmental impacts of a product or process throughout its entire life cycle, 
from cradle to end-of-life. This study provides life cycle inventory and 
environmental impacts relevant to the generalized polyiso manufacturing process 
provided by PIMA members, and is based on typical products made by polyiso 
insulation suppliers and manufacturers. This LCA was conducted to 1) better 
understand the environmental impact of the polyiso insulation life cycle and its 
components; 2) improve communication through public sharing of updated 
polyiso insulation life cycle results and; 3) understand the impact of the polyiso 
insulation life cycle through changes such as foam formulation.  In addition, this 
study goes beyond conventional LCA studies, as a unique “i-report” (“interactive-
report”) tool developed by PE International allows users without LCA experience 
to quickly calculate customized life cycle results for specific product/process 
scenarios.   
 
This study provides useful and state-of-the art environmental impact information 
for various stakeholder groups involved with the manufacture and use of polyiso 
in building thermal insulation applications.  These stakeholders include building 
architects, designers and specifiers, as well as building owners, home builders, 
retailers, government agencies, non-governmental organizations and LCA 
practitioners.  The scope of this study is a “cradle to end-of-life” Life Cycle 
Assessment of the polyiso insulation with exception of use phase performance 
benefits.  Energy savings and associated environmental impacts prevented 
during insulation use depend of specific building type, configuration, location etc, 
and must be determined separately using whole building energy analysis.  
However, the specially developed i-report does allow users to input use phase 
performance data as an option.  

 
Figure 1: Polyiso Insulation Life Cycle Phases and Boundaries for this Study 
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The functional unit (basis) used in this study is one square foot of installed 
polyiso insulation product with a specified minimum thermal resistance, or R-
value.  Using the “i-report” tool, environmental impacts associated with 
manufacturer-specified R-values or any customized insulation thickness can be 
determined. 
   
Modeling Approach 
 
The LCA modeling results are divided into six primary life cycle stages: 

1.     Raw Materials  

 Cradle-to-gate for all raw material 

 Includes packaging 
2.     Transportation of Raw Materials 

 Inbound transport of raw materials 
3.     Polyiso Manufacturing 

 Includes process energy and fuels 

 Includes process emissions and waste 

 Includes manufacturing scrap sent to disposal 
4.     Installation / removal 

 Includes transport to building site, lifting via crane  

 Includes installation scrap sent to disposal 
5.     Use Phase Performance 

 Not included in this study 

 Separately determined energy savings can be input into i-report 
6.     End of Life 

 Transport to / disposal in a landfill 
 
Data Sources 
 
In order to provide for accurate and representative results, this study required 
significant effort to collect life cycle data directly from operations used to supply 
and manufacture polyiso insulation.  Key life cycle inventory data were obtained 
as follows: 

 Primary data (energy/emissions collected directly from operations) 
including  

 all three polyester polyol plants in the U.S 
 energy use for nearly all (94%) of polyiso manufacturing plants in 

the U.S. and Canada including information from some plants on 
packaging, scrap/waste and emissions rates 

 energy/emissions from one facer plant for aluminum craft paper (foil) 
facer and one for GRF (Glass Reinforced Fiber) facer 

 energy use for insulation installation on a building 

 Secondary data (energy/emissions from life cycle databases, studies in 
the literature etc) were used for all other modeling, i.e., raw materials, 
transportation factors and land disposal.  
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Critical Review 
 
Since the beginning of this study in 2008, the assumptions and results have been 
frequently reviewed with technical and marketing experts from all five polyiso 
manufacturing companies that are members of PIMA.  This included industry 
insulation experts from Atlas, Firestone, Hunters Panel, Johns Manville and 
Rmax.  Presentations on the LCA assumptions and training on the “i-report” tool 
to run various life cycle input scenarios were made by the authors at all five 
company headquarter locations in the first half of 2010.  During these 
presentations, key assumptions such as raw material formulation, product wet 
density, pentane emissions rates, scrap rates etc were discussed to confirm that 
values are representative North American polyiso manufacturing.      
 
This study has been formally reviewed by a Critical Review Panel of three 
experts to ensure that it was completed according to the requirements of the ISO 
14040 series of standards and industry best practices.  Ms. Deanna Matthews, 
PhD, President, Avenue C Advisors, LLC, an LCA consultant and practitioner, 
was commissioned to lead the critical review in accordance with the ISO 
standards. The co-reviewers were Mr. John Clinton, an industry expert with 
practical experience in insulation manufacturing, and Ms Amy Costello, P.E., of 
Armstrong Industries, an LCA practitioner, building products and LEED expert.  
 
Impact Assessment Results 
 
Results are provided for several scenarios based on typical R-values for both 
roof and wall insulation applications.  The results cover all environmental 
indicators and impact categories normally covered in LCA studies, such as 
Primary Energy Demand (PED), Global Warming Potential (GWP), Acidification 
Potential, Eutrophication Potential, Smog Creation Potential, Ozone Depleting 
Potential, resources depletion, water use, waste generation etc.  GWP and PED 
are discussed in greater detail since these two environmental impacts are of 
most interest to insulation industry stakeholders.  However, the LCA provides 
results at the same level of detail for the other impact categories noted.  Overall 
results are given in section 8.1, results and discussion for GWP and PED are 
provided in section 8.2, and results and some observations for all other impact 
categories are shown in Appendix E.    
 
Regarding GWP (a measure of the “carbon footprint”), the results detailed in 
section 8.2 of this report show that for the polyiso life cycle, the raw materials 
stage is the major contributor to GWP, followed by end-of-life (landfill).  The key 
raw materials contributing to GWP for roofing and wall applications are MDI, 
polyester polyol and facer.  The foil (aluminum/paper) facer is a major contributor 
to GWP for wall applications, and even outweighs the GWP contribution from 
MDI at smaller wall R-values (i.e. thinner insulation and thus less foam).  Raw 
materials transportation, finished product transportation/installation and polyiso 
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plant operations are not nearly as significant in contributing to GWP compared to 
the raw materials and end-of-life.   
 
The results for PED in section 8.2 are similar to those for GWP, except that PED 
associated with end-of-life (landfill) operations is not a significant a contributor to 
overall PED compared to the contribution of landfill operations on the overall life 
cycle GWP.  The raw materials stage makes up most of the energy required in 
the polyiso life cycle.  Similar again to GWP, the raw materials that contribute the 
most to the life cycle energy are MDI, polyester polyol and facer.  Energy 
required for transportation within the life polyiso cycle (raw materials, final 
product), installation on a building, and polyiso manufacturing, is not a significant 
part of the energy required from a total polyiso life cycle perspective.           
 
Key Conclusions 
 
Regarding embodied energy (measured as PED) and embodied “carbon footprint” 
(represented by GWP), only changes in raw materials would have an impact on 
the overall polyiso life cycle covered in this study.  This is because raw materials 
contribute the most to these key impact categories, i.e. two-thirds to three 
quarters of the GWP, and about 85% of the PED for the scenarios studied.  
Incremental changes in transportation, installation and polyiso manufacturing 
operations would not have a significant impact on the overall polyiso life cycle.   
 
It is important to note that this LCA excluded the use phase benefits of insulation, 
where studies (including those conducted by the authors) have demonstrated 
that the energy saved and GWP prevented during the insulation use phase over 
the building life far outweigh (by dozens of times) the relatively minor amount of 
energy and GWP associated with embodied energy and GWP.  Thus, even major 
reductions in embodied energy and GWP would have no significant impact on 
the life cycle when the use phase is included. 
 
For further details, please refer to the section 9 (Conclusions) in the main body of 
this report, as well as to the notes given in section 8 (Results) and Appendix E. 
      
This study has provided an updated and comprehensive life cycle inventory and 
assessment for polyiso insulation, and it is based on compiling primary data, 
working with polyiso technical experts from five PIMA member companies, and 
incorporating input from a distinguished critical review panel.  It is hoped that this 
study contributes to a better understanding of the environmental aspects and 
impacts of polyiso insulation, and serves to supplement life cycle databases used 
by industry stakeholders.     
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2 INTRODUCTION & BACKGROUND 

2.1 THE POLYISO INSULATION INDUSTRY  

 
Polyisocyanurate (polyiso) technology was first developed and commercialized 
for side-wall and roof insulation applications in the 1970s.  Over the last three 
decades, polyiso has earned a reputation as a durable rigid board insulation 
product with versatility for use in nearly all commercial construction assemblies.  
Polyiso has achieved particular success in new roof construction and re-roofing.  
In these applications, its superior insulation value, compatibility with other roofing 
materials, as well as performance under roof assembly combustibility testing has 
enabled polyiso to become the insulation product of choice.  In its “2006-2007 
Annual Market Survey”[REF], the National Roofing Contractors Association 
(NRCA) concluded that in the low-slope insulation market in the United States, 
polyiso enjoys greater than 65 percent market share in new construction and 
nearly 60 percent in re-roofing. 
 
Along with these and other attributes, the success of this product can be credited 
to the industry’s unified voice of advocacy under the leadership of the 
Polyisocyanurate Insulation Manufacturers Association (PIMA).  Throughout its 
20 year plus history, PIMA (www.pima.org) has effectively utilized the expertise 
of its staff and members to provide a focused consensus-based approach to 
address critical market issues and changing construction requirements.  In 
addition, the organization has focused on educational efforts for its members as 
well as for the design and contractor communities in order to promote safe, 
sustainable and cost-effective construction. 
 
Given the complexities of any Life Cycle Assessment (LCA), reliable information 
on raw materials and manufacturing process parameters is imperative for 
determining materials and energy used in making rigid board insulation.  There 
are six polyiso insulation manufacturers represented in PIMA:  Atlas Roofing 
Corporation, Firestone Building Products Company, Hunter Panels, IKO 
Industries, Johns Manville and Rmax Operating, L.L.C.  These companies 
operate a total of 31 polyiso manufacturing facilities throughout the U.S. and 
Canada.  Throughout this study, the authors worked closely with technical and 
marketing experts at these companies (except for IKO Industries which has two 
plants) to verify the assumptions, collect primary data and review the results.   

2.2 THE LCA APPROACH  

As part of the increased awareness and concern for Sustainability and the 
environment, industries and businesses are assessing how their processes and 
activities effect the environment. For example, building owners, retailers, 
designers, architects and the public are becoming more concerned about natural 
resource depletion and protection of the environment.  As a result, many 
businesses are responding to these concerns by providing "greener" products 

http://www.pima.org/
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and demonstrating how their products contribute to environmental Sustainability.  
Since environmental performance of products has become a significant issue, 
many organizations are investigating methodologies to understand the 
environmental impacts of their products and show how their products can benefit 
the environment.  LCA is a powerful methodology for achieving this 
understanding, demonstrating a product's environmental benefits and also for 
improving a product’s environmental performance.  Moreover, LCA is a 
quantitative tool for understanding environmental impacts of a product or process 
throughout its entire life cycle, from cradle to grave.  LCA traces the chemicals 
and materials that comprise the polyiso insulation back to the oil well, forest, or 
mine.  Energy used during processing is traced back to power plants and 
refineries, and emissions associated with all of these activities are modeled.   
 
In addition, LCA is a standardized, scientific method for systematic analysis of 
flows (e.g. mass and energy) associated with the life cycle of a specific product, 
technology, service or manufacturing process system. The approach in principle 
aims at a holistic and comprehensive analysis of the above items including raw 
materials acquisition, manufacturing, use and End-of-Life (EOL) management. 
According to the International Organization for Standardization (ISO) 14040/44 
standards, an LCA study consists of four phases: (1) Goal and scope (framework 
and objective of the study); (2) Life Cycle Inventory (LCI), i.e. input/output 
analysis of mass and energy flows from operations along the product’s value 
chain; (3) Life Cycle Impact Assessment (LCIA), or evaluation of environmental 
relevance such as global warming potential; and (4) interpretation, e.g. 
optimization potential.  Please see Appendix A:  LCA Process Overview, for 
additional information on the LCA methodology. 

2.3 CONTEXT OF THE POLYISO LCA 

 
PIMA is interested in environmental life cycle information on the production of 
their insulation.  PIMA seeks to use this LCA publicly to quantify the 
environmental improvements from use of their insulation in buildings and provide 
comprehensive and high quality information on the polyiso life cycle for all 
stakeholders.  Quantifying the environmental impacts of polyiso insulation allows 
PIMA to show the building and construction industry the benefits of installing 
polyiso insulation in a building, including the building energy savings attributed to 
the use of polyiso insulation that typically far outweigh the environmental burden 
of polyiso manufacturing, distribution, installation and disposal. The LCI output of 
this study can be integrated into public and commercial databases to help 
architects and designers make informed decisions about the environmental 
tradeoffs of building insulation materials. 
 
PIMA engaged PE Americas, an independent consultancy with extensive 
experience in conducting LCA studies.  PE Americas provided PIMA with a 
comprehensive LCA of the energy and environmental performance of polyiso 
insulation. This LCA built upon the study Energy and Environmental Benefits of 
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Insulating Commercial Buildings with Polyiso by J. Phelan and G. Pavlovich, 
published in the 2008 Proceedings of the Center for the Polyurethanes Industry 
(CPI).  As part of this project, PE Americas provided PIMA with LCI results 
formatted for entry into the National Renewable Energy Laboratory's (NREL) Life 
Cycle Inventory Database, and an interactive report (i-report) for the members of 
the association.  The i-report is a powerful feature for creating interactive reports 
from LCA models designed with PE Americas’ Life Cycle Engineering Software 
and Database known as GaBi.  Without any LCA modeling experience, PIMA 
members can use the GaBi i-report to directly see the environmental results of 
modifying predefined values in the polyiso insulation model.  For example, the 
impacts of changing formulation or modeling different R values can be examined 
to determine changes in associated environmental impacts and energy savings. 
 
 

3 GOAL OF THE LCA 

 

This study was commissioned by PIMA to support its members through: 

 Understanding the environmental impact of the polyiso insulation life cycle 
and its components  

 Publicly sharing the results of the polyiso insulation life cycle, and 

 Understanding the impact of the polyiso insulation life cycle through 
changes such as foam formulation 

 

Thus, the key goal of the study is to analyze the life cycle environmental 
performance and design of polyiso insulation in North America.  This study 
provides life cycle inventory and environmental impacts relevant to the 
generalized process provided by PIMA.  The study is based on typical products 
made by polyiso insulation suppliers and manufacturers.  Special care was taken 
through non-disclosure agreements and data aggregation to protect the 
confidentiality of inventory data provided by PIMA members.  The project also 
helps facilitate incorporation of several LCIs with different R-values into the US 
LCI (NREL) database.  An independent critical review was carried out by LCA 
and industry experts.  Finally, an i-report was developed such that PIMA 
members can create custom LCIs with different R values and formulations within 
a predefined set of parameters. 
 
The intended audiences of this study are the building & construction community 
and users of publicly/commercially available life cycle inventories. The life cycle 
phases of the insulation production studied include: 

 Extraction of raw material resources 

 Manufacturing of all raw materials 

 Polyiso manufacturing 

 Polyiso installation 

 Disposal in landfill of polyiso manufacturing scrap, installation scrap and 
polyiso at end-of-life 

 Transportation in all life cycle phases 
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4 SCOPE 

The following section describes the scope of the project to achieve the goals. 
This includes a description of the product life cycle and functional unit, the 
boundary of the study and technological, geographical and time coverage, data 
collection methods and sources, allocation procedures, cut-off criteria and critical 
review. 

4.1 SYSTEM OVERVIEW 

 
Figure 2 shows the life cycle stages associated with the functional unit of this 
study.  Boxes within the dashed lines indicate the portion of the polyiso life cycle 
included in this study. Grey boxes indicate upstream processes included in the 
study.  The use stage is excluded. 
 

 
Figure 2: Life cycle flow diagram for system analyzed 

4.2 FUNCTIONAL UNIT 

 
The functional unit is one square foot of finished polyiso insulation product 
installed for roofing and wall applications at a specified minimum thermal 
resistivity (R-value).  Based on the given product composition, density and other 
parameters, the different polyiso insulation products of a specified thermal 
resistivity are modeled by varying the product thickness and facer type.   
 
There are two types of facers: glass reinforced fiber (GRF) and aluminum craft 
paper (foil).  The GRF facer is normally used in roofing applications, and 
aluminum craft paper facer is normally used in wall applications.  Typical R-
values for installation in roofing and wall applications were determined by PIMA. 
These typical R-values will be used in public life cycle inventory databases such 
as the US LCI (NREL) as well as commercial databases.   
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In addition, users of the specially created i-report can choose from common R-
values (which have specific thicknesses) or they can define their own custom 
thickness products.  

4.3 PRODUCT SYSTEM BOUNDARIES 

 
As shown in Figure 2, the study includes upstream processing and production of 
materials and energy that make up the production of one square foot of insulation, 
transport of materials (all chemical and material inputs including packaging) to 
polyiso insulation manufacturing sites, manufacturing of insulation, transport of 
insulation to a building site, installation at the building site, removal and transport 
of insulation to a disposal site, and end-of-life disposal in a landfill.  Table 1 
summarizes what is included in, and excluded from, this LCA. 
 

Table 1: System Boundaries 

Included Excluded 

Extraction of raw materials 
Production and manufacturing of raw 
materials 
Polyiso manufacturing 
Polyiso installation & removal 
Disposal of insulation in a landfill 
Transportation between all life cycle 
stages 

Construction of capital equipment 
Maintenance and operation of support 
equipment 
Human labor 
Energy savings from product use 

4.3.1 POLYISO MANUFACTURING 

 
The central process of the overall polyiso life cycle shown in Figure 2 is polyiso 
manufacturing.  The polyiso manufacturing process is described in detail and 
shown in Figure 3 below.  The major raw materials at a polyiso insulation 
manufacturing plant are chemical liquids stored onsite in tanks. The chemicals 
form an “A” side (MDI) and a “B” side (polyester polyol with various additives 
such as catalysts, surfactants and flame retardants) plus a blowing agent 
(pentane) pumped from storage into process tanks.   The “B” side and blowing 
agent are then pumped via high pressure pumps through static mixers and then 
to a mix head where the "A" side is directly pumped, and the mixture is then 
injected between top and bottom facers at the pour table.  The MDI and polyester 
polyol blend combine on the pour table and react rapidly to form a closed cell 
foam board that is sandwiched on the top and the bottom by the facer material.  
The facer is either a glass reinforced fiber material typically used for roof 
applications or an aluminum craft paper (foil) material typically used for wall 
applications.   The rigid foam board then travels within a laminator on moving 
conveyer belts and the laminator is normally heated by a natural gas-fired heater.   
The heated laminator aids in cell formation and hardens the board, which then 
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exits the laminator and is fed through side saws that trim the board to desired 
widths on both sides and then through a cross cut saw that slices the board to 
desired lengths.  This cutting creates some scrap that can be compacted and is 
disposed of in a landfill as solid (non-hazardous) waste.    The finished rigid foam 
boards are then stacked, packaged with plastic wrap, labeled and moved by 
forklift truck to a warehouse area for storage before being loaded onto trucks for 
shipment to a construction site or distribution center.    The laminator can be 
adjusted so that the final product can of be various foam thicknesses  and either 
type of facer material can be supplied depending on application.  To provide for 
flexibility in product design evaluation, the system modeled includes options for 
changing various parameters, such as foam R-values (i.e. varying thickness), 
raw material composition, foam density, and the different types of facers noted.  
In addition, the modeled system provides options for emissions control of 
pentane through a thermal oxidizer.  Currently there are 13 out of 31 polyiso 
manufacturing plants (42%) in North America that operate with thermal oxidizers.     
 

 
 

Figure 3: Polyiso Manufacturing Plant 

4.3.2 TECHNOLOGICAL COVERAGE  

 
In this study, a generalized formula for the polyiso foam was used.  Profiles from 
the GaBi 4 database were utilized for other ancillary or process materials, such 
as the production of chemical feedstock, fuels and power, or regional grid mixes.  
Primary data was collected for the cradle-to-gate manufacture of polyester polyol 
and both GRF and foil facers. Raw material inputs, energy & fuels used, 
emissions to air & water (specifically blowing agent losses for foam 
manufacturers), transportation, manufacturing scrap, and final product packaging 
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were collected from these manufacturers.  The process technology modeled is 
based on polyiso foam manufacturers representing 29 of the 31 producers in the 
Noh America.  
 
The polyol dataset was averaged from three companies' data.  Each complete 
LCI was scaled down to represent that company's share of their potential market, 
based on a calculation of each of the three companies reported annual 
production.   
 
Facer data was taken from one GRF and one foil manufacturer, each chosen for 
having representative production systems and data availability.  These two facer 
plants were the only facer companies who agreed to participate.  Table 2 
summarizes the key technologies covered, which are representative of current 
raw materials operations and processes used to manufacture, transport and 
install polyiso foam insulation in North America. 
 

4.3.3 GEOGRAPHICAL AND TIME COVERAGE 

 
The geographical coverage of this study is polyiso installation manufacturing and 
distribution in North America.  Special efforts were made to obtain data from 
North American-based operations. Geographical locations for the key life cycle 
processes are summarized in Table 3. 
 
Although polyiso foam insulation has been manufactured and used in much the 
same way since the 1970s, efforts were made to model processes and obtain 
data representative of current practices.  Primary data on polyiso manufacturing 
from the Phelan and Pavlovich study were based on the complete calendar year 
of data (2007) in nearly all cases.  In a few instances, data from 2006 were used 
when data from 2007 were limited.  Primary data were collected for polyester 
polyol and facer manufacturing by PE Americas for the production year 2008.  
Time periods for the primary data collection, as well as for the datasets used to 
calculate environmental impacts and energy mix, are summarized above in Table 
3.    
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Table 2:  Technology Coverage 

Technology Comments on Technology Mix 

MDI Processes for MDI units with technologies used by several manufacturers in 
North America, based on U.S. energy/electric power mix.  The process is 
typically based on formaldehyde reacting with aniline to form diphenylmethane 
diamine (MDA), using hydrochloric acid as catalyst. The acid is neutralized with 
caustic soda and the phases are separated, with MDA as the organic phase, and 
methanol and sodium chloride from the neutralization being removed with the 
water phase. MDA then reacts with COCl2 which is absorbed in chlorobenzene 
after it is formed in the reaction of CO and Cl2.  Phosgenation of MDA to MDI 
takes place with chlorobenzene as a solvent, and this process also generates 
HCl which is recovered and sold as a co-product.  

Polyester 
Polyol 

Processes representing all three U.S.-based operations serving the polyiso 
insulation market, each with different proprietary manufacturing processes, 
including some processes that make extensive use of recycled raw materials.  
Processes for raw materials into polyol plants based on U.S./European datasets 
for polyethylene glycol, DMT etc. 

TCPP Addition of ethylene oxide or propylene oxide to POCl3 generates tris (2-
chloroethyl) or tris (2-chloropropyl) phosphate (TCPP). Complete reaction is 
promoted by catalysts, e.g. AlCl3, TiCl4, PCl3.  The main process intermediates 
(propylene oxide and phosphorus oxychloride) are modeled under U.S. 
boundary conditions of energy, and the phosphorus route is based on a U.S. 
phosphorus ore. 

Additives 
(catalyst) 

Process used for manufacturing potassium 2-ethyl hexanoate (Catalyst K-15).  
Estimate based on U.S. precursors using stoichiometric mass inputs and 
outputs. 

Pentane  European refinery adjusted for U.S. energy conditions/electric power mix.      

Facer Based on one GRF (Glass Reinforced Fiber) process used in the U.S. for an 
operation using > 90% recycled fiber for raw materials.  Foil facer based on one 
aluminum craft paper operation in the U.S. 

Plastic wrap Low density polyethylene process typically used to make plastic wrap. 

Transportation: 
Raw materials, 
product, waste  

Diesel-fueled rail and diesel-fueled truck transport normally used in the U.S., with 
diesel fuel model based on a U.S. refinery.  Truck for raw materials and product 
transport based on a 45,000 pound closed truck.  Truck used for waste to landfill 
based on a 52,000 pound payload dump truck.  Rail based on 766 metric ton 
payload cargo train. 

Polyiso 
manufacturing 

North American-based technology for all plants based on continuous restrained-
rise double steel belt foam laminators.  The polyiso plant manufacturing process 
is discussed in detail in the Scope section of this report.             

Polyiso 
installation 
(truck/crane) 

Based on transport miles/gallon and crane lifting energy for a Simon 23-ton 
crane and another mobile crane mounted on a diesel-powered truck with similar 
features.     

End-of-life Based on disposal of commercial waste in a municipal landfill modeled after 
European processes, but considered representative of such landfills in the U.S.    

 

  



21  

 

Table 3:  Materials, Energy & Emissions Data Sources, Time Period & Geography 

Life Cycle Stage/Process Data Source Reference 
Year 

Geography 

Raw Materials/MDI cradle-to-gate 
mfg. 
 
 

GaBi dataset for MDI based on Nine 
Polymers and Four PU Precursors, LCI 
North American Report, ACC/Franklin 
Associates (July 2010)  

2010 North 
America 

Raw Materials/Polyester polyol 
cradle-to-gate mfg.  

Primary data: collected from all 3 (100%) of 
U.S. polyester polyol plants 

2008 U.S.A. 

Raw Materials/TCPP cradle-to-
gate mfg. 

GaBi dataset for Tris (2-chloroisopropyl) 
phosphate 

2007 U.S.A 

Raw Materials/Potassium 2-Ethyl 
Hexanoate (Catalyst K-15) cradle-
to-gate mfg. 

Stoichiometric mass inputs/outputs based 
on literature study (Metallic Soaps, 
Ullmann’s Encyclopedia, 2005) and 
engineering calculations, U.S. precursors 
from GaBi   

2010 U.S.A 

Raw Materials/Pentane cradle-to-
gate mfg. 

GaBi dataset for pentane  2008 U.S.A. 

Raw Materials/GRF Facer cradle-
to-gate mfg. 

Primary data collected from one Glass 
Reinforced Fiber facer plant   

2009 U.S.A. 

Raw Materials/Foil Facer cradle-
to-gate mfg. 

Primary data collected from one Foil facer 
(aluminum craft paper) plant   

2009 U.S.A. 

Raw Materials/plastic packaging 
cradle-to-gate mfg. 

GaBi dataset for LDPE (Low Density 
Polyethylene) packaging 

2005 U.S.A. 

Transportation of Raw 
Materials/Truck and rail models 

GaBi dataset for 45,000 lb payload closed 
truck and cargo rail transport 

2008 U.S.A. 

Transportation of Raw 
Materials/diesel fuel 

GaBi dataset for diesel from refinery 2003 U.S.A. 

Polyiso gate-to-gate mfg./energy 
consumption 

Primary inventory data on electricity, 
natural gas and propane use from 29 out of 
31 (94%) North American plants 

2007 North 
America 

Polyiso gate-to-gate mfg./electric 
power mix 

GaBi datasets/Regional for electricity from 
U.S. Power grid 

2002 U.S.A. 

Polyiso gate-to-gate mfg./natural 
power mix 

GaBi dataset for thermal energy from 
natural gas 

2002 U.S.A. 

Polyiso gate-to-gate mfg./propane GaBi dataset for thermal energy from 
propane 

2005 U.S.A. 

Polyiso gate-to-gate 
mfg./emissions from laminator 

CO2 evolved during reaction on laminator 
based on testing at Bayer  

2008 U.S.A. 

Polyiso gate-to-gate mfg./pentane 
emissions vent or to thermal 
oxidizer 

Primary data on pentane emissions from 
laminator  

2008 U.S.A. 

Polyiso gate-to-gate 
mfg./installation/EOL  transport of 
scrap via truck  

GaBi dataset for 52,000 lb payload dump 
truck 

2008 U.S.A. 

Polyiso gate-to-gate mfg./ 
installation/EOL transport diesel 
fuel 

GaBi dataset for diesel from refinery 2003 U.S.A. 

Polyiso gate-to-gate 
mfg./installation/EOL scrap to 
landfill model 

GaBi dataset for commercial waste to 
municipal landfill 

2005 Europe 

Installation & Removal/transport of 
finished polyiso to building site, 
truck model 

GaBi dataset for 45,000 lb payload closed 
truck and cargo rail transport 

2008 U.S.A. 

Installation & Removal/truck and 
crane  

Primary data from local installer  2008 U.S.A. 

Installation & Removal/truck and 
crane diesel  

GaBi dataset for diesel from refinery 2005 U.S.A. 

EOL Same transport and landfill models noted  in “Polyiso gate-to-gate 
mfg./installation/EOL” processes above 
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4.4 LIFE CYCLE IMPACT ASSESSMENT CATEGORIES & INDICATORS 

 
The original polyiso LCA study Energy and Environmental Benefits of Insulating 
Commercial Buildings with Polyiso (October 2008) by J Phelan and G Pavlovich 
focused on Primary Energy Demand and Global Warming Potential because of 
their growing importance in Sustainability, environmental considerations and 
global political and economic aspects.  The current study covered in this report 
also includes Primary Energy Demand and Global Warming Potential, but goes 
beyond these categories to assess impacts from a comprehensive set of 
environmental impact categories. It was determined during the scope 
development process that all conventional impact categories would be 
investigated to assure that all key environmental impacts are considered.  
Therefore, Acidification, Eutrophication and Smog Creation Potential (also known 
as Photochemical Ozone Creation Potential) and Ozone Depletion Potential are 
included because they reflect the environmental impact of regulated and 
additional emissions of interest by industry and the public, e.g., SO2, NOX, CO, 
and hydrocarbons such as volatile organic compounds (VOCs).  Moreover, 
environmental indicators such as water consumption have been included as well. 
 

4.4.1 SUMMARY OF LIFE CYCLE IMPACT ASSESSMENT CATEGORIES 

  
The comprehensive set of life cycle environmental impact categories investigated 
are shown in Table 4. Within the US EPA's TRACI impact assessment 
methodology, this includes the environmental impact categories mentioned 
above. 

Further details on the meaning and significance of these impact categories are 
discussed in detail in Appendix B: Description of Impact Categories and 
Indicators. 
 

4.4.2 SUMMARY OF ENVIRONMENTAL INDICATORS 

 
In addition to the environmental impact categories noted above, environmental 
indicators were used to further understand the environmental burden of the 
insulation life cycle. The indicators shown in Table 5 are quantified in the study. 
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Table 4: Impact Category Descriptions, Indicators of Contribution to 
Environmental Issues and Units of Measure 

Impact 
Category 
(TRACI) 

Indicator Description Unit Reference 

Climate Change  
Global Warming 
Potential  

A measure of greenhouse 
gas emissions, such as 
CO2 and methane. These 
emissions are causing an 
increase in the absorption 
of radiation emitted by the 
earth, magnifying the 
natural greenhouse 
effect. 

kg CO2 
equivalent 

Intergovernmental 
Panel on Climate 
Change (IPCC). 
Climate Change 2001: 
The Scientific Basis. 
Cambridge, UK: 
Cambridge University 
Press, 2001.  

Eutrophication 
Eutrophication 
Potential  

A measure of emissions 
that cause eutrophying 
effects to the 
environment.  The 
eutrophication potential is 
a stoichiometric 
procedure, which 
identifies the equivalence 
between N and P for both 
terrestrial and aquatic 
systems 

kg 
Nitrogen 
equivalent  

Bare et al., TRACI: the 
Tool for the Reduction 
and Assessment of 
Chemical and Other 
Environmental Impacts 
JIE, MIT Press, 2002. 

Acidification 
Acidification 
Potential  

A measure of emissions 
that cause acidifying 
effects to the 
environment.  The 
acidification potential is 
assigned by relating the 
existing S-, N-, and 
halogen atoms to the 
molecular weight. 

moles H+ 
equivalent  

Bare et al., TRACI: the 
Tool for the Reduction 
and Assessment of 
Chemical and Other 
Environmental Impacts 
JIE, MIT Press, 2002. 

Smog 
Smog Creation 
Potential  

A measure of emissions 
of precursors that 
contribute to low level 
smog, produced by the 
reaction of nitrogen 
oxides and VOC's under 
the influence of UV light. 

kg NOx 
equivalent  

Bare et al., TRACI: the 
Tool for the Reduction 
and Assessment of 
Chemical and Other 
Environmental Impacts 
JIE, MIT Press, 2002. 

Ozone 
Ozone Depletion 
Potential 

A measure of emissions 
that deplete stratospheric 
ozone, allowing harmful 
radiation to the earth's 
surface.  The emissions 
of CFCs and other 
refrigerants have largely 
been phased out due to 
the Montreal Protocol, but 
some persist. 

kg R11 
equiv 

Bare et al., TRACI: the 
Tool for the Reduction 
and Assessment of 
Chemical and Other 
Environmental Impacts 
JIE, MIT Press, 2002. 
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Table 5: Environmental Indicators, Units of Measure and Brief Descriptions 

Indicator Description Unit 

Primary 
Energy 
Demand  

A measure of the total amount of primary energy extracted from 
the earth.  PED is expressed in energy demand from non-
renewable resources (e.g. petroleum, natural gas, etc.) and 
energy demand from renewable resources (e.g. hydropower, 
wind energy, solar, etc.).  Efficiencies in energy conversion (e.g. 
power, heat, steam, etc.) are taken into account.    

MJ 

Water 
Consumed 

Water consumption is the sum of all water inputs to the life cycle. 
Includes water required for production of raw materials, 
upstream datasets and manufacturing processes. Does not 
capture the end of life of the water consumed. 

Kg water 

Waste 
Disposed 

Waste disposed is the sum of all waste outputs from the life 
cycle. This includes hazardous and non-hazardous wastes and 
does not capture end of life of the waste generated.  

Kg waste 

Resource 
Depletion 

The consumption of non-renewable resources including lignite, 
natural gas, crude oil, hard coal and uranium. 

MJ  

 

More detail on the meaning and significance of these indicators are discussed in 
detail in Appendix B: Description of Impact Categories and Indicators. 

4.5 DATA COLLECTION, SOURCES AND QUALITY 

4.5.1 DATA COLLECTION AND SOURCES 

 
All data were collected and provided consistent with the study's system 
boundaries and cut off criteria to ensure that the same background data are used 
for all production and transportation processes.  In addition to primary data, the 
model utilized GaBi background data. 
 
Production Phase:  Inventory data were used from the Phelan and Pavlovich 
study, collected at production sites, or researched in literature.  The original 
Phelan and Pavlovich study was based on data collected at a certain granularity 
which was consistent with this study.  To achieve a level of quality for a full LCA, 
the relevant level of diversity and detail for flows was included in the study via the 
LCIs used rather than collected primary data at all levels.  Primary data on 
material use, process energy use, and emissions for polyiso manufacturing was 
collected mainly for the full year of 2007 in the original Phelan and Pavlovich 
study; and this data were linked to full raw material and energy LCIs to represent 
the production phase. Primary data were also collected for manufacture of 
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polyester polyol, GRF, and foil facers.  Upstream impacts of the remaining 
materials and energy carriers was pulled from existing GaBi datasets or 
researched in literature where needed.  When primary data, GaBi data, or 
literature data were unavailable or insufficient, additional data development was 
required.  New LCIs beyond the standard offerings from the GaBi database were 
required for selected materials present above the 1% cutoff threshold, i.e. 
catalyst K-15.  Table 6 below summarizes the additional raw materials data 
developed, and Table 7 summarizes the raw materials, packaging and 
production data collection.  In addition to the summary for production-related 
processes shown in Table 7, further details on the data sources for all life cycle 
processes are given in Table 3.     
 
 

Table 6:  Raw Material Additional Dataset Development 

Process Step Material Used Data Collected or Modeled Notes 

Foam 
Manufacture 

Potassium 2-Ethyl 
Hexanoate (Catalyst K-
15) 

Potassium 2-ethyl Hexanoate 
(Estimate)

*
 

U.S. precursors, 
stoichiometric mass 
inputs and outputs   

Foam 
Manufacture 

TCPP Fire Retardant Tris (2-chloroisopropyl) 
phosphate 

* 
 

U.S. dataset from 2007 

Polyol 
Manufacture 

600 molecular weight 
polyethylene glycol 

Polyethylene Glycol  U.S. dataset from 2009 

Polyol 
Manufacture 

DMT co-product Energetic allocation of full 
DMT dataset (39%) 

A polyol plant determined 
the energetic value of this 
by-product 

* Model developed based on research in the literature 

 

 

Table 7: Production Phase Unit Processes Data Collection 

Unit process Materials & Energy Data Source 

Raw materials 

MDI GaBi  

Polyester Polyol Primary Data  

Flame Retardant GaBi  

Surfactant GaBi  

Catalysts GaBi  

Pentane GaBi  

Facers Primary Data  

Production 
Energy Primary Data  

Direct Emissions Primary Data  

Packaging Polyethylene Packaging GaBi 
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Transportation: Transportation was included for both raw materials and for 
delivery of final product, as well as for transport to landfill and end-of-life. 
Average transportation distances and modes of transportation were collected 
from the polyiso facilities. 

 

Use:  The use phase was omitted from the scope of the LCA.  The amount of 
energy saved is highly variable depending on climate, building type, service life 
etc.  However, a data field for entering a separately determined use phase 
estimate was provided in the interactive report (i-report). 

 

End of Life phase:  The polyiso installation is disposed of in a landfill. The effects 
of landfilling were modeled. 

 

Fuels and Energy - Background data:  National and regional (when available) 
averages for electricity grid mixes were obtained from the GaBi 4 database.  For 
each of the polyol and facer manufacturers, a regional dataset was chosen 
based on the plant location.  For the polyiso manufacture, averaged regional data 
from 2002 for electricity and national data for natural gas (GaBi 4 database notes 
valid until 2012) were used.  Users of the i-report have the ability to choose their 
relevant grid mix for the polyiso plant depending on location.  Other fuels data 
(diesel, propane) from 2005 to 2008 are based on U.S. average data in the GaBi 
4 database. 

 

Raw Materials - Background data:  When available, primary data and data from 
the literature were used for the production of polyiso insulation.  Data when 
applicable was taken from the GaBi 4 Software database. 

 
Emissions to Air, Water, and Soil:  Emissions data associated with the production 
of one square foot of insulation were determined by primary technical contacts 
familiar with the specific operations. Data for most upstream materials and 
electricity and energy carriers were obtained from the GaBi 4 database.  
Emissions associated with transportation were determined by capturing the 
logistical operations (mode and distance). Energy use and the associated 
emissions were calculated using pre-configured transportation models from the 
GaBi 4 database.  End-of-life emissions were determined by municipal waste 
operations data associated with landfilling.   

4.5.2 CO-PRODUCT & BY-PRODUCT ALLOCATION 

No allocation was necessary in the manufacture of polyiso foam because there 
are no co-products.  Allocation was used upstream in the precursor datasets and 
background energy systems, as noted in Table 6. 
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4.5.3 CUT-OFF CRITERIA 

 

The cut-off criteria for the study include or exclude materials, energy and 
emissions data as follows:  

 Mass – If a flow is less than 1% of the cumulative mass of the model it is 
excluded, providing its environmental relevance is not a concern. 

 Energy – If a flow is less than 1% of the cumulative energy of the model it 
is excluded, providing its environmental relevance is not a concern. 

 Environmental relevance – If a flow meets the above criteria for exclusion, 
yet is thought to potentially have a significant environmental impact, it is 
included.  This judgment will be done based on experience and 
documented as necessary. 

 

The sum of the excluded material flows does not exceed 5% of mass, energy or 
environmental relevance. 

4.5.4 DATA QUALITY 

 

As a measure of data quality, it was reported whether the data were measured, 
calculated, averaged or estimated.  Table 8 provides a summary.  In addition, the 
origin of the data was documented. Additional information was gathered 
regarding the age of the data and geographical and technology coverage. 
Wherever possible, measured data from the facilities was utilized.  
 

Polyiso insulation manufacturing was modeled based on: 

 A generic formulation (calculated) 

 Data from the Phelan and Pavlovich study (measured) 

 Primary data from the polyester polyol suppliers (measured & calculated) 

 Primary data from the facer suppliers (measured & calculated) 

 Research from literature (used in dataset development for Catalyst K-15 
and TCPP) 

 GaBi background data 

 Transportation data were based on logistical (distance and mode) 
information provided by PIMA (averaged) and GaBi background data 

 

In addition, end-of-life modeling for landfilling was analyzed using GaBi data. 
Data quality was evaluated to ensure that: 

 Materials were modeled according to the same boundary conditions 

 The analysis did not compare different background systems, and 

 The results represent current technology and up-to-date background data 

4.5.5 EXCEPTIONS 

 
No exceptions to the aforementioned data collection scope of this study were 
required. 
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Table 8: Sources of Data 

Process Category Description Data Source 
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Polyiso mfg. 
(1)

 Material/energy in/out MDI   X  

Polyester polyol   X  

TCPP   X  

Pentane   X  

Catalyst/surfactant/water   X  

GRF facer   X  

Foil facer   X  

Plastic packaging X    

Electricity and fuels X    

Emissions/wastes VOC, CO2, landfill waste X X   

Manufacturing Process data X X   

Transportation Modes & distances   X  

Polyester polyol 
plant A 

(2)
  

Material/energy in/out Confidential inputs X    

Emissions/wastes Confidential outputs  X   

Manufacturing Process data X X   

Transportation Modes & distances  X   

Polyester polyol 
plant B 

(2)
  

Material/energy in/out Confidential inputs X    

Emissions/wastes Confidential outputs  X   

Manufacturing Process data X X   

Transportation Modes & distances  X   

Polyester polyol 
plant C 

(2)
 

Material/energy in/out Confidential inputs X    

Emissions/wastes Confidential outputs  X   

Manufacturing Process data X X   

Transportation Modes & distances    X 

GRF facer 
(3)

 
 

 

Material/energy in/out Confidential inputs X    

Emissions/wastes Confidential outputs  X   

Manufacturing Process data  X   

Transportation Modes & distances    X 

Foil facer 
(3)

 Material/energy in/out Confidential inputs  X   

Emissions/wastes Confidential outputs X    

Manufacturing Process data  X   

Transportation Modes & distances    X 
(1)   Data on energy collected from 29 plants/packaging from 26 plants, data on emissions /wastes /transport 

collected from one plant then reviewed with technical representatives from five polyiso companies.  
Materials inputs and process data (wet density, formulation, facer application etc) reviewed with 
technical representatives from five polyiso companies    

(2)   Data collected from three polyester polyol manufacturers 
(3)   Data collected from one GRF facer and one foil facer manufacturer 
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5 CRITICAL REVIEW 

This study has been conducted with the support of a critical review panel to 
ensure it was completed following the requirements of the ISO 14040 series 
standards and industry best practices. Hence, it is in the interest of PIMA to 
ensure that the study adheres to these standards. While this LCA study is not 
comparative by nature, it is anticipated that the study results could be used for 
future comparative studies or databases.  Moreover, PIMA feels that a critical 
review helps improve data quality and credibility of the LCA.   
 
Professor Deanna Matthews was commissioned to lead the critical review in 
accordance with ISO 14040/44 (2006), in collaboration with co-reviewers. The 
review panel was comprised of the following experts: 

1. Dr. Deanna Matthews (PhD in Civil & Environmental  Engineering), 
President, Avenue C Advisors, LLC, an LCA consultant and practitioner 

2. Mr. John Clinton, Private Consultant, and insulation industry expert in all 
phases of insulation manufacturing and marketing 

3. Ms. Amy Costello, P.E., of Armstrong Industries, an LCA practitioner, 
building products and LEED expert.  

 
The critical review panel reviewed the documentation to determine whether: 

1. The methodology is consistent with standard LCA practices. 
2. The objectives, scope, and boundaries of the study are clearly identified. 
3. The assumptions used are clearly identified and reasonable. 
4. The sources of data are clearly identified and representative. 
5. The documentation is complete, consistent, and transparent. 

 
In addition to addressing the above issues, the critical review panel included 
helpful comments regarding the organization of the documentation, basis for 
assumptions, data sources used etc, and suggestions for making the i-report 
more useful to PIMA users.  Comments from the critical review experts and 
responses are detailed in Appendix F. 
 

6 LIFE CYCLE TOOLS AND DATABASES 

The LCA model was created using the GaBi 4 Software system, developed by 
PE International GmbH. In addition, the GaBi database provided the life cycle 
inventory data for several of the raw and process materials obtained from the 
background system.  Details of the modules, assumptions and parameters used 
along with example calculations are provided for each process in the sections 
below.  
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7 LIFE CYCLE MODEL 

7.1 MODEL OVERVIEW 

  
The detailed GaBi 4 process flow diagram is given in Appendix D.  This section 
describes the unit processes, from raw material and energy inputs into the 
polyiso manufacturing plant to installation through end-of-life, including 
transportation in all phases.         
 

7.2 RAW MATERIALS 

  
Raw materials include the cradle-to-gate environmental impacts of all chemicals 
used to make the insulation foam, facer and packaging of final polyiso insulation 
product.  Raw materials include the following: 

 MDI 

 Polyester polyol 

 Catalysts/Surfactants 

 Pentane 

 TCPP 

 Water 

 Facer 

 Packaging (plastic wrap) 
 
MDI was modeled using the following assumptions/parameters: 

 Data Source/Methodology 
 The inventory, energy/environmental factors for cradle-to-gate MDI 

manufacture are based on MDI data published in the report Cradle-
to-Gate Life Cycle Inventory of Nine Plastic Resins and Four 
Polyurethane Precursors, prepared for The Plastics Divisions of the 
American Chemistry Council by Franklin Associates (July, 2010).   

 Based on the Franklin Associates study, a revised MDI module was 
created in GaBi by PE Americas, resulting in data that are current 
and based on representative U.S. boundary conditions (geography, 
technology, energy etc). 

 The life cycle inventory methods used by Franklin Associates and 
incorporated in the GaBi module comply with the ISO 14040 series 
of standards regarding data development, completeness, quality 
and scope. 

 Notes: 
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 Technologies/geography/energy mixes for the MDI process model 
are based on those used at MDI plants supplying the North 
American polyiso insulation manufacturing market.   

 Use of this representative data is especially important since MDI 
comprises approximately one-half of the foam content by weight. 

 The technology for the MDI process is typically based on 
formaldehyde reacting with aniline to form diphenylmethane 
diamine (MDA). The reaction uses hydrochloric acid as catalyst. 
The acid is neutralized with caustic soda and the phases are 
separated, with MDA as the organic phase, and methanol and 
sodium chloride from the neutralization being removed with the 
water phase. MDA is fed into a mixer, where it reacts with COCl2 
which is absorbed in chlorobenzene after it is formed in the reaction 
of CO and Cl2 . Phosgenation of MDA to MDI takes place in a mixer 
and phosgenator, with chlorobenzene as a solvent, and this 
process also generates HCl which is recovered from the off-gas 
stream of the absorption column.  Crude MDI is then separated 
from the chlorobenzene solvent. 

 Example Calculation: 
 PED and GWP are shown here as illustrative examples.  Other 

environmental impacts such as Eutrophication Potential, 
Acidification Potential, Smog Creation Potential, Ozone Depleting 
Potential etc are calculated in a similar way. 

 The example calculation is based on the baseline roof example at 
R15.3 (2.5 inches thick insulation) with GRF facer and wet foam 
density of 1.82 lb/ft3     

 The amount of foam for the functional unit of 1ft2 insulation at 2.5 
inches thick is adjusted to deduct the thickness of the GRF facer. 
Since the GRF facer is 0.023 inches thick on each side, the foam 
thickness = 2.5 inches – 0.023 inches/side x 2 sides =  2.454 
inches 

 The volume of the foam = (2.454 inches/12 in/ft) x 1 ft2 = 0.2045 ft3 
 The mass of foam is therefore = 0.2045 ft3 x 1.82 lb/ft3 / 2.2046 

lb/kg = 0.168824 kg foam  
 The formulation for making the foam uses 55.5 wt.% MDI, thus the 

MDI in the foam = 0.555 x 0.168824 kg/ft2 foam = 0.093697 kg MDI 
 The factor for PED for MDI = 57.38 MJ/kg based on lower heating 

value 
 Thus, the PED associated with cradle-to-gate MDI = 57.38 MJ/kg x  

0.093697 kg = 5.376 MJ/ft2 from MDI 
 The GWP factor for MDI = 2.769 kg CO2-eq./kg MDI based on 

TRACI.  
 Thus, the GWP associated with cradle-to-gate MDI = 2.769 kg CO2-

eq./kg x 0.093697 kg = 0.25947 kg CO2-eq. 
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Polyester polyol was modeled using the following assumptions/parameters: 

 Data Source/Methodology 
 Cradle-to-gate values for energy and GWP were obtained from all 

three U.S. companies (100% of suppliers) that manufacture 
polyester polyol for the North American polyiso insulation market. 

 Primary gate-to-gate data were collected during onsite visits to 
each of the plants.  Each complete life cycle inventory was scaled 
down to represent that company's potential share of the market 
based on the reported annual production of each company.  These 
data were aggregated in this way to provide values representative 
of the North American market and protect company confidential 
information. 

 Data collected at the plants included polyester polyol raw material 
compositions, raw material transport, plant electricity consumption, 
natural gas and fuels, emissions to air, water and solid waste, and 
associated production rates.  

 Since the life cycle inventories were obtained under confidentiality 
agreements, only the aggregated results for environmental 
indicators/impacts are used in the model. 

 Notes:  
 Technologies/geography/energy mixes for the polyester polyol 

process model are based on those used at polyester polyol plants 
supplying the North American polyiso insulation manufacturing 
market. 

 Each U.S. polyester polyol plant uses distinct proprietary and non-
similar manufacturing processes, for which life cycle inventory data 
did not exist prior to this study.  Thus, it was necessary to collect 
primary data from each of these polyester polyol plants to obtain 
representative life cycle inventory data for this key raw material 
used in U.S. polyiso insulation manufacturing.  Representative data 
are especially important since polyester polyol makes up 
approximately one-third of the foam by weight.         

 The polyester polyol plant life cycle inventory was adjusted to 
exclude flame retardants, as addition of a flame retardant (TCPP) is 
modeled at the polyiso manufacturing plant in the model developed 
for this study. 

 In modeling polyester polyol manufacturing, polyethylene glycol 
was identified as a material could readily be modeled using a GaBi 
dataset for the U.S.  In addition, DMT was identified as another raw 
material that was modeled based on allocation input from one of 
the polyol plants.      

 Some raw materials streams used in polyester polyol 
manufacturing were reported to be recycled materials, i.e., 
materials from external processes that are normally disposed of as 
wastes.  Since these materials substitute virgin raw materials, these 
recycled streams were considered burden-free except for transport. 
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 Example Calculation: 
 As noted in the MDI example calculation, PED and GWP are shown 

here as illustrative examples.  Other environmental impacts are 
calculated in a similar way, and the example is based on the 
baseline roof example at R15.3 with GRF facer and wet foam 
density of 1.82 lb/ft3.   

 Similar to the MDI example calculation, the 2.5 inch overall 
insulation thickness is adjusted to deduct the GRF facer thickness, 
leaving a foam thickness of 2.454 inches, which for 1 ft2 insulation 
yields a volume of foam equal to 0.2045 ft3. The mass of foam at 
1.82 lb/ft3 is thus equal to 0.168824 kg/ft2 foam.  

 The formulation for making the foam uses 31 wt.% polyester polyol, 
thus the polyester polyol in the foam = 0.31 x 0.168824 kg/ft2 foam 
= 0.052336 kg/ft2 polyester polyol. 

 The aggregated factor for PED for polyester polyol  = 49.014 MJ/kg 
based on lower heating value. 

 Thus, the PED associated with cradle-to-gate polyester polyol  =  
49.014 MJ/kg x  0.052336 kg/ft2 = 2.565 MJ/ft2 from polyester 
polyol. 

 The GWP factor aggregated for polyester polyol = 1.922 kg CO2-
eq./kg polyester polyol based on TRACI. 

 Thus, the GWP associated with cradle-to-gate polyester polyol = 
1.922  kg CO2-eq./kg x 0.052336 kg/ft2 = 0.1006 kg CO2-eq./ft2 

 
Catalyst K15 was modeled using the following assumptions/parameters: 

 Data Source/Methodology 
 Since no existing dataset was available for this organic acid 

substance used as a catalyst, a new GaBi dataset was created 
based on literature review of the process used for manufacturing 
potassium 2-ethyl hexanoate. 

 The potassium 2-ethyl hexanoate model is based on process 
information derived from the article Metallic Soaps, by Angelo Nora 
and Gunther Koenen, Ullmann’s Encyclopedia of Industrial 
Chemistry, Wiley-VCH Verlag GmbH & Co. (2002).    

 Stoichiometric equations and associated energy/material balances 
were developed by PE Americas for each of the key processes 
used to manufacture potassium 2-ethyl hexanoate, i.e. 
hydroformylation, dehydration via a strong base, hydrogenation, 
oxidation and direct reaction with potassium hydroxide followed by 
drying. 

 The resulting dataset represents an estimated cradle-to-gate 
manufacturing for potassium 2-ethyl hexanoate.        

 Notes 
 Technology for the production of potassium 2-ethyl hexanoate was 

modeled based on hydroformylation where propene, aldehyde and 
hydrogen are reacted to produce butryaldehyde with a metal 



34  

 

catalyst.  The butryaldehyde is then dehydrogenated via a strong 
base catalyst (KOH) to generate 2-ethyl-2-hexanal and water.  
Addition of hydrogen then forms 2-ethyl-2-hexanol, which is 
oxidized to form 2-ethyl hexanoic acid and hydrogen.  Potassium 
hydroxide is then reacted with the 2-ethyl hexanoic acid and the 
solution is spray dried to form potassium 2-ethyl hexanoate. 

 Although this catalyst represents only 1.4 wt.% of the foam 
formulation, it did not meet the cut-off criteria and was therefore 
included.      

 Example Calculation: 
 As noted in the MDI example calculation, PED and GWP are shown 

here as illustrative examples.  Other environmental impacts are 
calculated in a similar way, and the example is based on the 
baseline roof example at R15.3 with GRF facer and wet foam 
density of 1.82 lb/ft3.   

 Similar to the MDI example calculation, the 2.5 inch overall 
insulation thickness is adjusted to deduct the GRF facer thickness, 
leaving a foam thickness of 2.454 inches, which for 1 ft2 insulation 
yields a volume of foam equal to 0.2045 ft3. The mass of foam at 
1.82 lb/ft3 is thus equal to 0.168824 kg/ft2 foam.  

 The formulation for making the foam uses 1.4 wt.% potassium 2-
ethyl hexanoate, thus the potassium 2-ethyl hexanoate in the foam 
= 0.014 x 0.168824 kg/ft2 foam = 0.0023635 kg/ft2 potassium 2-
ethyl hexanoate. 

 The factor for PED for potassium 2-ethyl hexanoate  = 70.661 
MJ/kg based on lower heating value. 

 Thus, the PED associated with cradle-to-gate potassium 2-ethyl 
hexanoate =  70.661 MJ/kg x 0.0023635 kg/ft2 = 0.16701 MJ/ft2 
from potassium 2-ethyl hexanoate.   

 The GWP factor for potassium 2-ethyl hexanoate  = 2.893 kg CO2-
eq./kg potassium 2-ethyl hexanoate based on TRACI.  

 Thus, the GWP associated with cradle-to-gate potassium 2-ethyl 
hexanoate = 2.893 kg CO2-eq./kg x 0. 0023635 kg/ft2 = 0.0068378 
kg CO2-eq./ft2 

 
 
Catalyst PC46, catalyst PV and the surfactant are not included in this study, as 
life cycle inventory data are not available for the these catalysts and surfactants.  
Moreover, these additives make up a minor part of the raw material inputs and 
can be excluded based on the cut-off criteria.  Justification for excluding these 
material flows based on the cut-off rules are as follows: 

 Data Source/Methodology 
 Cut-off criteria defined at the outset of this study are used to justify 

exclusion of materials. The cut-off criteria are listed in section on 
Data Collection, Sources and Quality regarding mass, energy and 
environmental relevance.  
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 The calculation is based on the baseline roof example at R15.3 (2.5 
inches thick insulation) with GRF facer and wet foam density of 
1.82 lb/ft3.  

 Notes 
 Regarding mass, the mass of each flow individually is compared to 

the total mass of raw materials flows entering the polyiso 
manufacturing plant, i.e. the sum of all chemical inputs including 
facer.  If a flow is less than 1% of the total mass, it can be excluded.  
This is a straightforward comparison since the mass of catalyst 
PC46, catalyst PV, the surfactant and total mass input into the 
polyiso plant are known quantities. 

 Regarding energy, the energy of each flow individually is compared 
to the total energy of the polyiso life cycle, i.e. the sum of all energy 
flows needed to make 1 ft2 of R15.3 insulation for the baseline 
case.  Since the cradle-to-gate energy factors for catalyst PC46, 
catalyst PV and the surfactant are not known, a reasonably 
conservative PED factor is chosen to estimate the energy 
contribution.  Thus, the mass of each flow is multiplied by twice the 
PED of MDI to determine an assumed energy for each flow.  This 
value is compared to the total life energy.   If a flow is less than 1% 
of the total energy, it can be excluded. 

 Regarding environmental relevance, a similar comparison is made 
for other environmental impacts determined in this study, i.e. 
Eutrophication Potential, Acidification Potential, Smog Creation 
Potential and Ozone Depleting Potential, and water as an 
environmental indicator.  Thus, the mass of each flow is multiplied 
by twice the Eutrophication Potential, twice the Acidification 
Potential, twice the Smog Creation Potential, twice the Ozone 
Depleting Potential of MDI, and finally twice the water consumption 
of MDI manufacturing to determine an assumed environmental 
impact for each flow.  MDI was chosen since it is a relatively 
complex chemical process with well known impact factors and 
doubling these provides a reasonably conservative basis for 
comparison. This value is compared to the total life cycle values of 
the other environmental impacts.  If a flow’s environmental impact 
value is significantly less than the total environmental impact, it is 
excluded. 

 Regarding cumulative impact, the mass, energy and environmental 
impacts of each flow are summed to obtain the cumulative value for 
each category. This cumulative value is compared to the total life 
cycle mass input, total PED and total of other environmental 
impacts.  Per the cut-off criteria, the flows can be excluded if the 
cumulative impact does not exceed 5% of mass, energy or 
environmental relevance. 

 Example Calculation - Mass  
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 Catalyst PC46, catalyst PV and the surfactant make up 0.00033765 
kg, 0.00016882 kg and 0.0013506 kg each of the input to the 
polyiso plant. 

 The total mass of flows into the polyiso plant (chemicals plus facer) 
is 0.2160 kg. 

 As shown in Table 9 below, the mass of each individual flow is less 
than 1%, and the cumulative mass of all three flows is less than 5%.     

 
 

Table 9: Mass of Excluded Catalysts and Surfactant 

Material Flow 
Quantity 
(kg/ft2) 

% Material Flow vs. Total Mass 
(%cut-off criteria) 

Catalyst PC46 3.38E-04 0.16% (<1%) 

Catalyst PV 1.69E-04 0.08% (<1%) 

Surfactant 1.35E-03 0.63% (<1%) 

Total of all 3 flows 1.86E-03 0.86% (<5%) 

Total mass into plant 0.216  

 

 Example Calculation – Energy & GWP, Other Impacts Tabulated  
 Catalyst PC46 has a mass of 0.00033765 kg/ft2 
 Using a PED factor for MDI of 57.38 MJ/kg multiplied by two to 

make the value higher (more conservative) as an assumed PED for 
catalyst PC46, the assumed PED = 114.76 MJ/kg. The incremental 
PED caused by Catalyst PC46 is 114.76 MJ/kg X 0.00033765 kg/ft2 
= 3.87E-02 MJ/ft2. Since the original total PED of insulation material 
is 12.693 MJ/ft2, the incremental impact is (3.87E-02)/(3.87E-02 
+12.6923)*100%=0.30%, which is <1%. 

 Using a GWP factor for MDI of 2.79 CO2-eq/kg multiplied by two to 
make the value higher (more conservative) as an assumed GWP 
for catalyst PC46, the assumed GWP = 5.58 CO2-eq/kg. The 
incremental GWP caused by Catalyst PC46 is 5.58 CO2-eq/kg X 
0.00033765 kg/ft2 = 1.88E-03 kg CO2-eq/ft2. Since the original total 
GWP of insulation material is 0.778 CO2-eq/ft2, the incremental 
impact is (1.88E-03)/ (1.88E-03 +0.778)*100%=0.24%, which is  
<1%. 

 As shown in Table 10 below, the incremental PED, GWP, water 
usage and other environmental impacts caused by Catalyst PC46 
(calculated in a similar way to the PED and GWP examples) are 
listed. All of them are less than the 1% cut-off criteria.  
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Table 10: Dummy Environmental Impacts of Excluded Catalyst PC46 

Impact  
Categories 

Original 
Total 

Impact 
Value 

Factor Used for  
Dummy Modules  
(2 x MDI factors) 

Incremental 
Value  

for Dummy 
Modules 

% of Dummy 
Impact 

(1% cut-off 
criteria) 

Global Warming 
Potential [kg CO2-

Equiv.] 
0.778 5.58 1.88E-03 0.24% (<1%) 

Acidification Potential 
[mol H+ Equiv.] 

0.117 0.91 3.06E-04 0.26% (<1%) 

Eutrophication Potential 
[kg N-Equiv.] 

2.63E-04 8.40E-04 2.84E-07 0.11% (<1%) 

Smog Creation 
Potential [kg NOx-

Equiv.] 
6.12E-06 9.00E-06 3.04E-09 0.05% (<1%) 

Ozone Depletion 
Potential [kg CFC 11-

Equiv.] 
7.07E-07 1.48E-05 5.00E-09 0.70% (<1%) 

Total Primary Energy 
Demand [MJ] 

12.693 114.76 3.87E-02 0.30% (<1%) 

Water [kg] 1.911 24.94 8.42E-03 0.44% (<1%) 

 
 

Applying the same approach, dummy environmental impacts for Catalyst PV and 
the surfactant can be obtained as shown in Tables 11 and 12 below. 
 
 

Table 11: Dummy Environmental Impacts of Excluded Catalyst PV 

Impact  
Categories 

Original 
Total 

Impact 
Value 

Factor Used for  
Dummy Modules  
(2 x MDI factors) 

Incremental 
Value  

for Dummy 
Modules 

% of Dummy 
Impact 

(1% cut-off 
criteria) 

Global Warming 
Potential [kg CO2-

Equiv.] 
0.778 5.58 9.42E-04 0.12% (<1%) 

Acidification Potential 
[mol H+ Equiv.] 

0.117 0.91 1.53E-04 0.13% (<1%) 

Eutrophication Potential 
[kg N-Equiv.] 

2.63E-04 8.40E-04 1.42E-07 0.05% (<1%) 

Smog Creation 
Potential [kg NOx-

Equiv.] 
6.12E-06 9.00E-06 1.52E-09 0.02% (<1%) 

Ozone Depletion 
Potential [kg CFC 11-

Equiv.] 
7.07E-07 1.48E-05 2.50E-09 0.35% (<1%) 

Total Primary Energy 
Demand [MJ] 

12.693 114.76 1.94E-02 0.15% (<1%) 

Water [kg] 1.911 24.94 4.21E-03 0.22% (<1%) 
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Table 12: Dummy Environmental Impacts of Surfactant 

Impact  
Categories 

Original 
Total 

Impact 
Value 

Factor Used for  
Dummy Modules  
(2 x MDI factors) 

Incremental 
Value  

for Dummy 
Modules 

% of Dummy 
Impact 

(1% cut-off 
criteria) 

Global Warming 
Potential [kg CO2-

Equiv.] 
0.778 5.58 7.54E-03 0.96% (<1%) 

Acidification Potential 
[mol H+ Equiv.] 

0.117 0.91 1.22E-03 1.03% (>1%) 

Eutrophication Potential 
[kg N-Equiv.] 

2.63E-04 8.40E-04 1.13E-06 0.43% (<1%) 

Smog Creation 
Potential [kg NOx-

Equiv.] 
6.12E-06 9.00E-06 1.22E-08 0.20% (<1%) 

Ozone Depletion 
Potential [kg CFC 11-

Equiv.] 
7.07E-07 1.48E-05 2.00E-08 2.75% (>1%) 

Total Primary Energy 
Demand [MJ] 

12.693 114.76 1.55E-01 1.21% (>1%) 

Water [kg] 1.911 24.94 3.37E-02 1.73% (>1%) 

 
Regarding incremental impacts of the surfactant shown in Table 12 above, 
although four impact categories Acidification Potential, Ozone Depletion Potential, 
PED and Water are slightly over 1% which does not satisfy 1% cut-off rule, this 
surfactant is neglected because three of the impacts are all less than 2%.  ODP 
is 2.75 % but it is not considered of great environmental relevance in this study 
since the polyiso life cycle processes do not depend on ozone depleting blowing 
agents. Moreover, as discussed in Appendix B under the section on Ozone 
Depleting Potential, emissions of CFCs and other refrigerants that cause 
stratospheric ozone depletion have largely been phased out due to the Montreal 
Protocol.  In addition, a two times the impact factor of MDI has been applied, 
which is conservative. Thus, the real impact factors of surfactant are likely to be 
less than these conservative factors. 
 
Testing the cut-off criteria of 5% total impacts, the dummy incremental impacts 
from all three neglected flows are added as summarized in Table 13. The results 
show that the cumulative impacts for catalyst PC46, catalyst PV and the 
surfactant are all well below 5% and can be neglected. 
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Table 13: Total Incremental Impacts of Neglected Flows 

Impact Categories 
Total Incremental Impact 

(5% cut-off criteria) 

Global Warming Potential [kg CO2-Equiv.] 1.32% (<5%) 

Acidification Potential [mol H+ Equiv.] 1.42% (<5%) 

Eutrophication Potential [kg N-Equiv.] 0.59% (<5%) 

Smog Creation Potential [kg NOx-Equiv.] 0.27% (<5%) 

Ozone Depletion Potential [kg CFC 11-Equiv.] 3.80% (<5%) 

Total Primary Energy Demand [MJ] 1.66% (<5%) 

Water [kg] 2.39% (<5%) 

 
 
Pentane was modeled using the following assumptions/parameters: 

 Data Source/Methodology 
 The factors for cradle-to-gate pentane manufacture are obtained 

from a pentane model developed by PE International/GaBi.  The 
model is based in European technology, but the boundary 
conditions were adjusted for U.S. boundary conditions. 

 The LCI method applied in the GaBi module complies with the ISO 
14040 series of standards, regarding data development, 
completeness, quality and scope. 

 Notes: 
 Technology for pentane is typically derived from crude oil refining, 

as pentane is a naturally occurring component of crude oil that is 
extracted and purified during the refining process.  

 Since the processes used in petroleum refining technology are 
mature and generally similar globally, it is assumed that this 
technology is representative of that used in the U.S.   

 Example Calculation: 
 As noted in the MDI example calculation, PED and GWP are shown 

here as illustrative examples.  Other environmental impacts are 
calculated in a similar way, and the example is based on the 
baseline roof example at R15.3 with GRF facer and wet foam 
density of 1.82 lb/ft3.   

 Similar to the MDI example calculation, the 2.5 inch overall 
insulation thickness is adjusted to deduct the GRF facer thickness, 
leaving a foam thickness of 2.454 inches, which for 1 ft2 insulation 
yields a volume of foam equal to 0.2045 ft3. The mass of foam at 
1.82 lb/ft3 is thus equal to 0.168824 kg/ft2 foam.  

 The formulation for making foam uses 7.5 wt.% pentane. 
 Pentane contribution to foam = 0.075 x 0.168824 kg =  0.012662 

kg/ft2 
 The PED factor for the pentane model used in this study = 79.59 

MJ/kg based on lower heating value. 
 The GWP factor for the pentane model used in this study = 2.055 

kg CO2-eq./kg based on TRACI. 
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 Thus, the energy from pentane = 79.59 MJ/kg x 0.012662 kg =  
1.0078 MJ 

 Similarly, the GWP from pentane = 2.055 kg CO2-eq./kg x 0.012662 
kg = 0.026018 kg CO2-eq. 

 
TCPP was modeled using the following assumptions/parameters: 

 Data Source/Methodology 
 Tris 1-chloro-2-propyl-phosphate, or TCPP, is an 

organophosphorus flame retardant.  The energy/GWP factors for 
cradle-to-gate manufacture of TCPP were obtained from a model 
set to U.S. boundary conditions of energy (PE International/GaBi, 
2007). 

 Notes: 
 The addition of ethylene oxide or propylene oxide to POCl3 at 40 to 

100 °C generates tris (2-chloroethyl) or tris (2-chloropropyl) 
phosphate. Complete reaction is promoted by catalysts, e.g. AlCl3, 
TiCl4, PCl3. Based on information from Ullmann’s Encyclopedia of 
Industrial Chemistry, Wiley-VCH Verlag GmbH & Co. (2007) 

 The main process intermediates (propylene oxide and phosphorus 
oxychloride) are modeled under U.S. boundary conditions of energy, 
and the phosphorus route is based on a U.S. phosphorus ore. 

 Example Calculation: 
 As noted in the MDI example calculation, PED and GWP are shown 

here as illustrative examples.  Other environmental impacts are 
calculated in a similar way, and the example is based on the 
baseline roof example at R15.3 with GRF facer and wet foam 
density of 1.82 lb/ft3.   

 Similar to the MDI example calculation, the 2.5 inch overall 
insulation thickness is adjusted to deduct the GRF facer thickness, 
leaving a foam thickness of 2.454 inches, which for 1 ft2 insulation 
yields a volume of foam equal to 0.2045 ft3. The mass of foam at 
1.82 lb/ft3 is thus equal to 0.168824 kg/ft2 foam.  

 The formulation for making the foam uses 3.4 wt.% TCPP, thus the 
TCPP in the foam = 0.034 x 0.168824 kg/ft2 foam = 0.00574 kg 
TCPP 

 The factor for PED for TCPP = 90.118 MJ/kg based on lower 
heating value 

 Thus, the PED associated with cradle-to-gate TCPP = 90.118 
MJ/kg x  0.00574 kg = 0.51728 MJ/ft2 from TCPP 

 The GWP factor for TCPP = 6.393 kg CO2-eq./kg TCPP based on 
TRACI  

 Thus, the GWP associated with cradle-to-gate TCPP = 6.393 kg 
CO2-eq./kg x 0.00574 kg = 0.036697 kg CO2-eq. 

 
Water was modeled using the following assumptions/parameters: 

 Data Source/Methodology: 
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 A GaBi module for boundary conditions in Germany for potable 
water based on extraction from groundwater was used to model 
this relatively small environmental burden. 

 The LCI method applied in the GaBi module complies with the ISO 
14040 series of standards, regarding data development, 
completeness, quality and scope. 

 Notes: 
 It is assumed that the energy and environmental impacts for this 

model based on European geography and technology are similar to 
the U.S.  Given the 0.001 mass fraction of water used in the foam 
formulation and the relatively minor energy/environmental impacts 
associated with water extraction and processing, water could have 
been excluded under the cut-off criteria. However, since a water 
module was readily available, it was used. 

 The example calculation below quantifies the negligible 
environmental burden associated with water.  

 Example Calculation: 
 As noted in the MDI example calculation, PED and GWP are shown 

here as illustrative examples.  Other environmental impacts are 
calculated in a similar way, and the example is based on the 
baseline roof example at R15.3 with GRF facer and wet foam 
density of 1.82 lb/ft3.   

 Similar to the MDI example calculation, the 2.5 inch overall 
insulation thickness is adjusted to deduct the GRF facer thickness, 
leaving a foam thickness of 2.454 inches, which for 1 ft2 insulation 
yields a volume of foam equal to 0.2045 ft3. The mass of foam at 
1.82 lb/ft3 is thus equal to 0.168824 kg/ft2 foam.  

 The formulation for making the foam uses 0.1 wt.% water, thus the 
water in the foam = 0.001 x 0.168824 kg/ft2 foam = 0.00016882 kg 
water 

 The factor for PED for water = 0.0007612 MJ/kg based on lower 
heating value 

 Thus, the PED associated with cradle-to-gate water = 0.0007612  
MJ/kg x 0.00016882 kg = 1.285 E-07 MJ/ft2 from water 

 The GWP factor for water = 5.301 E-05 kg CO2-eq./kg water based 
on TRACI  

 Thus, the GWP associated with cradle-to-gate water = 5.301 E-05 
kg CO2-eq./kg x 0.00016882 kg = 8.949 E-09 kg CO2-eq. 

 
Facer was modeled using the following assumptions/parameters: 

 Data Source/Methodology: 
 Cradle-to-gate values for GRF facer were obtained from one U.S.-

based company that manufactures GRF facer for the North 
American polyiso insulation market.  Similarly, cradle-to-gate values 
for foil facer were obtained from all one U.S.-based company that 
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manufactures foil facer for the North American polyiso insulation 
market.   

 Primary gate-to-gate data were collected from the GRF and foil 
facer plants.  Data collected from the plants included raw material 
compositions, additives, raw material transport, plant electricity 
consumption, natural gas and fuels, emissions to air, water and 
solid waste, and associated facer production rates.  

 The energy mix is based on U.S. regional electric power grid 
averages, U.S. thermal energy from natural gas and U.S. thermal 
energy from propane models (PE International/GaBi). 

 GaBi modules were created based on the inventory scaled to 
production rate for U.S boundary conditions. 

 Notes: 
 The facer is applied on both (two) sides of the foam. For the 

baseline example, 1 ft2 of roofing insulation for R15.3 at 2.5 inches 
thick, the foam has facer on each side.  For the case of a 5-inch 
thick foam composed of 2 x 2.5 inch boards, a total of four facer 
sides is required. . 

 In the case of GRF facer inventory, 100% of the fiber and glass (old 
corrugated cardboard, mixed paper, waste glass) are recycled 
materials, so their embodied contribution is burden-free.  However, 
the energy to transport these materials to the facer manufacturing 
plant is included.  This energy factor was supplied by the facer 
manufacturer.  Chemical additives, which make up about 3 to 4 % 
by weight of the solid raw material input, were also included.  Plant 
electricity and natural gas use are for operation of the entire facer 
plant (unit operations, warehouse, offices, raw material storage and 
transfer etc.).  Propane use is for forklift trucks. The inventory was 
scaled to the production rate.  

 Similarly, in the case of aluminum craft paper (foil) facer inventory, 
raw materials include paper, aluminum foil, adhesives and coatings.  
Scrap rates were also considered along with VOC emissions, and 
these were scaled to the production rate. 

 Based on inventory data obtained from the GRF facer and the 
aluminum foil facer plants, GaBi modules were created and 
incorporated into the model. 

 Example Calculation: 
 The example calculation is for the baseline roof case of R15.3 

polyiso using GRF facer.  The calculation for aluminum craft paper 
(i.e. foil) facer is similar for wall applications.   

 Based on manufacturer data, typical facer weight per ft2 facer used 
at polyiso plants = 0.052 lb/ft2   

 For the baseline example, 1 ft2 of roofing insulation for R15.3, there 
will be two facer sides. 

 The total facer weight entering the polyiso plant = 1 ft2/side x 2 
sides x 0.052 lb/ft2   / 2.2046 lb/kg = 0.04717 kg facer  
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 The GRF facer PED factor = 21.207 MJ/kg facer produced, based 
on lower heating value 

 The GRF facer GWP factor = 1.651 kg CO2-eq. /kg facer produced, 
based on TRACI. 

 Thus, the energy from GRF facer = 21.207 MJ/kg x 0.04717 kg = 
1.0004 MJ 

 Similarly, the GWP from GRF facer = 1.651 kg CO2-eq./kg x 
0.04717 kg = 0.07788 kg CO2-eq. 

 
Plastic packaging was modeled using the following assumptions/parameters: 

 Methodology 
 Bundles of polyiso insulation product are wrapped and/or bagged in 

plastic prior to shipment from the polyiso plant to the building site.  
Packaging used to wrap/shroud the polyiso insulation bundles is 
made from extruded low density polyethylene (LDPE) film. 

 Packaging depends on the amount of wrap used to ship the 
required finished boardfeet of polyiso to a customer.  Data for 
calculating the environmental impacts contributed by packaging are 
based on packaging film used per BF, which was obtained from 
polyiso manufacturers. 

 Data on wrap factors (pounds of wrap/BF) for 2007 were obtained 
from 26 of the 31 polyiso plants (84%) in the U.S. and Canada.  

 The factors for cradle-to-gate LDPE film manufacture are obtained 
from a PE International/GaBi dataset for U.S. manufacturing and 
boundary conditions. 

 Notes: 
 The LDPE model includes the complete life cycle for producing film, 

i.e., LDPE resin production, resin delivery, film extrusion and 
packaging of the plastic wrap product. 

 Factors for weight of wrap/BF vary, as differences result from 
varying thickness of wrapping used at different companies and 
polyiso plants. 

 For each particular building site location, wrap factors are based on 
averaged factors used at polyiso plants in the vicinity of the building 
site.  This typically includes three to five polyiso plants within a 
range of several hundred kilometers from a building site.  It is 
assumed that plants in this vicinity of a building site are most likely 
to supply the insulation. 

 Example Calculation: 
 PED and GWP are shown here as illustrative examples.  Other 

environmental impacts such as Eutrophication Potential, 
Acidification Potential, Smog Creation Potential, Ozone Depleting 
Potential etc are calculated in a similar way. 

 The example calculation is based on the baseline roof example at 
R15.3 (2.5 inches thick insulation) with GRF facer. 
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 Based on plant data averages for polyiso plants likely to supply 
insulation to a specific building location (in the baseline case shown 
this is for a building in Chicago), an average wrap factor for this 
example = 0.00163 pounds wrap / BF shipped. 

 In order to account for the decreasing wrap required for thicker 
pieces of insulation when loaded on a truck to be shipped out 
versus wrapping more boards individually in the case of thinner 
insulation, an approximate adjustment is made by dividing the wrap 
factor by the insulation thickness.  Thus the wrap required = 
0.00066 pounds/BF = 0.00030 kg per ft2 of 2.5 inch thick insulation.  

 The PED factor for the LDPE film model is 91.02 MJ/kg based on 
lower heating value 

 The GWP factor for the LDPE film model are 3.01 kg CO2-eq./kg 
based on TRACI 

 Energy from LDPE film = 91.02 MJ/kg x  0.00030 kg = 0.0273 
MJ/ft2 

 GWP from LDPE film = 3.01 kg CO2-eq./kg x 0.00030 kg = 0.00090 
kg CO2-eq./ft2 

 

7.3 TRANSPORT OF RAW MATERIALS 

 
Depending on the type of raw material, transport to the polyiso manufacturing 
plant is either by truck or by rail car.  The raw materials shipped to the polyiso 
plants include chemical raw materials for foam, facer material and plastic wrap 
for packaging. 
 
Using the i-Report, the raw material transportation “start” location is based on 
assumed supplier manufacturing sites (MDI, polyester polyol, pentane, additives 
etc). Thus, each polyiso plant can enter a customized transportation distance for 
their raw materials.  In the i-Report examples shown in the Results section and 
Appendix E of this report, polyiso manufacturing plant locations are based on 
locations likely to serve a particular building site, usually three to five plants from 
different polyiso manufacturing locations within several hundred kilometers of the 
building site.  Therefore, in the baseline example for R15.3 polyiso insulation 
installed on a roof, the distance was determined by taking the average of the 
distances from a raw materials supplier location to the polyiso plants in the 
vicinity of a building site in Chicago, Illinois.   
 
The transportation distances for the major chemical raw materials by mass, MDI 
and polyester polyol, are weighted by an assumed market share.  The third 
largest chemical raw material by mass, pentane, is assumed to be supplied from 
a refinery in the Gulf Coast area.  Locations of polyiso manufacturing plants were 
obtained from the PIMA Membership Directory.  Distances from raw material 
manufacturing plants to polyiso plants were double checked using 
maps.google.com.  Distances for other materials such as additives and facer 
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were assumed at 1000 miles to represent a reasonably conservative average 
distance for these types of materials that can be obtained from a various 
manufacturers in the U.S. 
 
MDI, polyester polyol and pentane are chemicals which are shipped in bulk via 
tank truck or rail tank car.  The i-Report therefore provides options for selecting 
truck, rail (or barge if such an option is used by polyiso manufacturers in the 
future), as well as percentage of these different transport modes.        
 
The raw material transport models were adjusted to account for the practice 
where bulk chemical transport in tanks trucks or rail tank cars for MDI, polyester 
polyol and pentane are transported to the polyiso plant full but are returned 
empty to their origin, thus allocating both trips to the polyiso life cycle.  This 
allocation is required since trucks/rail cars transporting chemicals in bulk are 
normally returned to their origin for clean-out/refill under strict conditions used in 
chemical plants.  In other cases, such as chemical material additives transported 
in smaller amounts using drums/tote containers or non-liquid materials such as 
facer or plastic wrap, allocation is made for a full truck transporting the materials 
to the polyiso plant one-way, but for an empty return at 20% of the time.  The 
empty return at 20% of the time means a truck obtains a back haul of goods for 
another system 80% of the time, so only the 20% empty return is allocated to the 
polyiso life cycle.   
 
The capacity utilization is assumed at 60% and 78% for rail and truck, 
respectively. The capacity of vehicle used in the Gabi module is adjusted by the 
percentage of empty return as calculated below.  The “0.5” factors in the 
equations represent the trip to the polyiso plant and the return to origin.  For 
example, a 100% empty backhaul rail car has the adjusted capacity of 0.6 x [(100% 
x 0.5) + ((100%-100%) x 0.5)] = 30%. That means only 30% of the total capacity 
of a train has been used in a round trip. Similarly, a 20% empty backhaul truck 
has the adjusted capacity of 0.78 x [(100% x 0.5) + ((100%-20%) x 0.5)] = 70%. 
The Gabi transportation module adjusts diesel consumption based on the total 
vehicle capacity used in a round trip.  As a result of adjusting the capacity 
utilization this way in the model, it is only necessary to enter the one-way 
transport distance.  Table 14 summarizes the transport modes, distance, 
capacity of vehicle, allocation and capacity of vehicle adjusted for return.  Since 
MDI is normally shipped in bulk by rail all of the time, and polyester polyol is 
shipped in rail 90% of the time, and pentane is generally shipped by tank truck, 
those modes are used in the calculations.  
  



46  

 

 
Table 14:  Transport Modes and Allocation, Raw Materials 

Raw 
Material 

Mode 
Dist. 

(miles) 

Capacity 
of 

Vehicle 

Allocation to 
System Studied Capacity 

of Vehicle 
Adjusted 

For Return 

Comment To 
Polyiso 

Mfg. 
(full) 

Return 
to 

origin 
(empty) 

MDI Rail 1,480 60% 100% 100% 30% 
Bulk 

transport: 
returned to 
origin for 
clean-out 

Polyester 
Polyol 

Rail 
(90%) 

860 60% 100% 100% 30% 

Truck 
(10%) 

860 78% 100% 100% 39% 

Pentane Truck 1,500 78% 100% 100% 39% 

Catalysts, 
surfactant, 

TCPP, 
facer, 

plastic wrap 

Truck 1,000 78% 100% 20% 70% 

Small 
containers/ 

dry materials: 
backhaul 

80% of time 
allocated to 

other system 

 
MDI raw material transport was modeled using the following assumptions 
parameters: 

 Data Source/Methodology:  
 Transport mode is assumed to be rail car 100% of the time, based on the 

typical practice of using bulk rail tank cars for MDI in North America and 
input from PIMA members. 

 Rail transport is by diesel fuel only, which is typical for such bulk chemical 
transport often shipped over long distances from major MDI plants in the 
U.S. Gulf Coast region. 

 Rail transport fuel is based on a U.S. Refinery Diesel production model 
(PE International/GaBi) that accounts for pre-combustion energy and 
environmental impacts. 

 The global rail cargo transport module from PE International/GaBi was 
used, using the recommended 60% average utilization ratio in the module. 

 It is assumed that the rail tank cars make a front haul loaded, and return to 
their start location empty for proper clean-out at the raw materials 
manufacturing plant.  This is the process normally done for chemicals in 
bulk transport to assure proper clean-out.  As noted above, the GaBi rail 
car transport module was adjusted to account for this by adjusting the MDI 
rail car capacity utilization to simulate a loaded front haul and an empty 
return. 

 Notes: 
 Rail car distance is entered in the i-Report as a one-way distance, but 

adjustment of the module for the capacity utilization to simulate a full 
delivery one way and an empty return accounts for two-way mileage. 

 The model includes both the combustion of diesel fuel as well as the pre-
combustion energy in the calculation, where total energy is approximately 
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the combustion energy multiplied by a factor of 1.23 to account for the life 
cycle energy.   

 Example Calculation: 
 PED and GWP are shown here as illustrative examples.  Other 

environmental impacts are calculated in a similar way, and the example is 
based on the baseline roof example at R15.3 (2.5 inch) with GRF facer 
and wet foam density of 1.82 lb/ft3.   

 MDI transport distance to each of the polyiso plants is calculated based on 
weighted market shares estimated by the authors from several U.S.-based 
MDI manufacturing plants in the Texas Gulf Coast and Geismar Louisiana 
area.  

 Each of the four polyiso plants receiving MDI belongs to different 
manufacturing companies within a range of approximately 200 to 650 km 
(one way distance) from a building site in this example. 

 Based on the market share adjustment and the one-way distances to the 
plants, an average one-way distance of 2,368 km (1,480 miles) for a 
Chicago building location is determined. 

 Based on the baseline formulation used in this study for the R-15.3 case 
(55.5% MDI by weight), the amount of MDI transported for a one square 
foot thick board at the thickness required for this thermal resistivity = 
0.0937 kg. 

 For PED, the energy consumption factor for an overall 30% capacity 
utilization train car is 5.968 E-04 MJ/(kg·km) based on lower heating value. 
Thus, the PED is 5.968 E-04 MJ/(kg·km) X 0.0937 kg X 2,368 km = 0.132 
MJ to transport the amount of MDI used per functional unit of insulation. 

 For GWP, the factor for an overall 30% capacity usage train car is 4.166 
E-05 kg CO2eq/ (kg·km) based on TRACI. Thus the GWP is 4.166 E-05 kg 
CO2eq /(kg·km) X 0.0937 kg X 2,368 km = 9.24 E-03 kg CO2eq to 
transport the amount of MDI used per functional unit of insulation. 

 
Polyester polyol raw material transport was modeled using the following 
assumptions/parameters: 

 Data Source/Methodology:  
 Transport mode is assumed to be by rail car 90% of the time and by truck 

tank car 10% of the time, based on input from PIMA member companies. 
 All other assumptions and parameters for the rail car transport are similar 

to those used for MDI transport by rail car as shown above. 
 The truck transport module is for a 45,000 pound payload capacity, which 

is typical of truck sizes used for such transport in North America. 
 Truck transport is by diesel fuel only, which is typical for trucks in North 

America. 
 Truck transport fuel is based on a U.S. Refinery Diesel production model 

(PE International/GaBi) that accounts for pre-combustion energy and 
environmental impacts. 

 It is assumed that the truck tank cars make a front haul loaded, and return 
to their start location empty for proper clean-out at the raw materials 
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manufacturing plant.  This is the process normally done for chemicals in 
bulk transport to assure proper clean-out.  The GaBi truck transport 
modules were adjusted to account for this by adjusting the polyol truck 
capacity utilization to simulate a loaded front haul and an empty return. 

 Notes: 
 Distances are entered in the i-Report as a one-way distance, but 

adjustment of the module for the capacity utilization to simulate a full 
delivery one way and an empty return accounts for two-way mileage. 

 The model includes both the combustion of diesel fuel as well as the pre-
combustion energy in the calculation, where total energy is approximately 
the combustion energy multiplied by a factor of 1.23 to account for the life 
cycle energy. 

 Example Calculation: 
 Transport distances to each of the polyiso plants in the Chicago area are 

calculated based on weighted market share from three U.S.-based 
polyester manufacturing plants in the U.S. 

 Each of the several polyiso plants receiving polyester polyol belongs to 
different manufacturing companies within a range of approximately 200 to 
650 km (one way distance) from a building site in this example. 

 Based on the market share adjustment and the one-way distances to the 
plants, an average one-way distance of 1,376 km (860 miles) is 
determined. 

 90% of polyester polyol is transported by rail cars, so the calculation 
method is the same as MDI shown above. The other 10% is transported 
by truck with 100% empty backhaul, which is the same method shown in 
the pentane example calculation described below. 

 
Pentane transport was modeled using the following assumptions/parameters: 

 Data Source/Methodology: 
 Transport mode is assumed to be by truck 100% of the time, based on 

input from PIMA member companies. 
 The truck transport module is for a 45,000 pound payload capacity, which 

is typical of truck sizes used for such transport in North America. 
 Truck transport is by diesel fuel only, which is typical for trucks in North 

America. 
 Truck transport fuel is based on a U.S. Refinery Diesel production model 

(PE International/GaBi) that accounts for pre-combustion energy and 
environmental impacts. 

 It is assumed that the pentane truck tank cars make a front haul loaded, 
and return to their start location empty for proper clean-out at the raw 
materials manufacturing plant.  This is the process normally done for 
chemicals in bulk transport to assure proper clean-out.  The GaBi truck 
transport modules were adjusted to account for this by adjusting the polyol 
truck capacity utilization to simulate a loaded front haul and an empty 
return. 
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 Note: 
 Distances are entered in the i-Report as a one-way distance, but 

adjustment of the module for the capacity utilization to simulate a full 
delivery one way and an empty return accounts for two-way mileage. 

 The model includes both the combustion of diesel fuel as well as the pre-
combustion energy in the calculation, where total energy is approximately 
the combustion energy multiplied by a factor of 1.23 to account for the life 
cycle energy. 

 Example Calculation: 
 Each of the several polyiso plants receiving polyester polyol belongs to 

different manufacturing companies within a range of approximately 200 to 
650 km (one way distance) from a building site in Chicago for this example. 

 Based on large U.S. refineries predominantly located in the Gulf Coast 
region, an average one-way distance of 2,400 km (1,500 miles) is 
assumed. 

 For the baseline case of R15.3 roof with GRF facer as an example, the 2.5 
inch overall insulation thickness is adjusted to deduct the GRF facer 
thickness, leaving a foam thickness of 2.454 inches, which for 1 ft2 
insulation yields a volume of foam equal to 0.2045 ft3. The mass of foam 
at 1.82 lb/ft3 is thus equal to 0.168824 kg/ft2 foam.  

 The formulation for making foam uses 7.5 wt.% pentane, so the pentane 
contribution to foam = 0.075 x 0.168824 kg =  0.01266 kg/ft2 

 PED and GWP are shown here as illustrative examples.  Other 
environmental impacts are calculated in a similar way.   

 For PED, the energy consumption factor for an overall 39% capacity 
usage truck is 1.12 E-03 MJ/(kg·km) based on lower heating value. Thus 
the PED is 1.12 E-03 MJ/(kg·km) X 0.01266 kg X 2,400km = 0.0341 MJ to 
transport the amount pentane used per functional unit of insulation. 

 For GWP, the GWP factor for an overall 39% capacity usage truck is 7.91 
E-05 kg CO2eq/ (kg·km) based on TRACI. Thus the GWP is 7.91 E-05 kg 
CO2eq/(kg·km) X 0.01266 kg X 2,400km = 2.40 E-03 kg CO2eq to 
transport the amount pentane used per functional unit of insulation. 

 
Raw materials that are not transported in bulk containers such as tank trucks and 
rail tank cars, i.e. catalyst, surfactant and TCPP in totes or drums, facer and 
plastic packaging, were modeled using the following assumptions/parameters: 

 Data Source/Methodology: 
 These additives and materials are assumed to be transported 100% of the 

time by truck based on input from PIMA members, which is typical for 
smaller quantities of chemicals delivered in containers as well as roles of 
facer material and plastic packaging. 

 The truck transport module is for a 45,000 pound payload capacity, which 
is typical of truck sizes used for such transport in North America. 

 Truck transport is by diesel fuel only, which is typical for trucks in North 
America. 
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 Truck transport fuel is based on a U.S. Refinery Diesel production model 
(PE International/GaBi) that accounts for pre-combustion energy and 
environmental impacts 

 It is assumed that closed trucks (for transporting additives in containers 
such as totes or drums, or for transport of non-chemical dry materials such 
as facer or wrap) are often capable of picking up a back haul.  Transport 
for these materials assumes a front haul loaded, and return to their start 
location with a back haul 80% of the time. Therefore, the model was 
adjusted to account for this by adjusting the distance to simulate a loaded 
front haul and an empty return for 20% of the time allocated to the polyiso 
life cycle. 

 Note: 
 Additives such as catalysts, as well as facer, TCPP and plastic packaging 

are available from various manufacturers and in some cases can be 
sourced from locations approximately 500 to 1500 miles from a polyiso 
plant.  Thus, 1,600 km (1,000 miles) is assumed as a distance for these 
calculations to demonstrate the (relatively small) burden associated with 
raw material transport.  

 The capacity adjusted for return has been used in Gabi module, as 
described above for trucks which obtain backhauls. 

 Example Calculation: 
 In this category, all materials are transported by truck with 20% empty 

return. The energy and GWP factors have been adjusted based on 70% 
overall capacity usage for a round trip as described in the introduction to 
this section and summarized in Table 14. The calculation is similar to that 
described above for pentane transportation by truck. 
 

7.4 POLYISO MANUFACTURING 

 
Polyiso manufacturing includes the following activities: energy and associated 
emissions for manufacturing polyiso; and transport/landfill of the manufacturing 
scrap.   
 
Energy associated with gate-to-gate manufacturing of polyiso was modeled using 
the following assumptions/parameters:  

 Data Source/Methodology: 
 Plant site energy factors were obtained on a boardfoot polyiso produced 

basis for electricity, natural gas and propane from 29 polyiso 
manufacturing plants.  Since there are a total of 31 PIMA member polyiso 
plants in the U.S. and Canada, this coverage is nearly 94%. 

 The electricity energy values were adjusted to account for total life cycle 
“cradle to plug” or source energy for electricity using a U.S. electric power 
grid average model (PE International/GaBi). 
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 For natural gas, total “cradle to use” or source energy including pre-
combustion energy was obtained from a U.S. thermal energy from natural 
gas model (PE International/GaBi). 

 For propane, total “cradle to use” or source energy including pre-
combustion energy was obtained from a U.S. thermal energy from 
propane model (PE International/GaBi). 

 For each particular building site location, factors for energy are based on 
the averaged energy use for polyiso plants in the vicinity of the building 
site.  This typically includes three to five polyiso plants within a range of 
several hundred kilometers from a building site.  It is assumed that plants 
in this vicinity of a building site are most likely to supply the insulation. 

 Notes: 
 Regarding energy, polyiso plants consume primarily electricity and natural 

gas used to operate the laminator and associated operations support 
equipment, such as thermal oxidizers, storage areas, packaging 
machines, raw material pumps, offices etc.  A relatively small amount of 
propane is used for fork lift trucks.  Propane use is for forklift trucks. 

 BF produced in manufacturing includes plant scrap (1%).  This value was 
reviewed with plant/technical representatives from five polyiso 
manufacturing companies and found to be representative.    

 Example Calculation: 
 For a group of polyiso plants in the vicinity of a building site (example is for 

Chicago), factors are averaged for that particular case.  For this baseline 
case, averaged plant electricity use = 0.01375 kWh/BF, averaged plant 
natural gas use = 86.55 Btu/BF, and averaged plant propane use = 
0.000335 lb/BF. The GaBi power grid mix for each region in the U.S. is 
used to provide localized results, which in this example is the East North 
Central power grid mix. 

 Polyiso plant metered electricity = 0.01375 kWh/BF x 2.5 BF/ft2 = 0.034 
kWh for each BF 1 ft2 of 2.5 inch thick insulation produced, or converting 
with 3.6 MJ/kWh, this equals 0.12 MJ 

 Polyiso plant metered natural gas = 86.55 Btu/BF x 2.5 BF/ft2 = 216 Btu 
for each BF 1 ft2 of 2.5 inch thick insulation produced, or converting with 
1055 J/Btu, this equals 0.22 MJ 

 Propane measured from tank consumption = 0.000335 lb/BF x 2.5 BF  x 
46.378 MJ/kg lower heating value / 2.2046 lb/kg = 0.0176 MJ. 

 Based on the above factors, adjustments are applied to include the total 
life cycle energy for the electricity, natural gas, propane. 

 Electricity (life cycle) = 0.12 MJ x 3.58 source factor = 0.43 MJ 
 Natural gas (life cycle) =  0.22 MJ x 1.16 source factor = 0.26 MJ 
 Propane (life cycle) =  0.0176 MJ x 1.24 source factor = 0.021 MJ 

 
Regarding emissions, these result from indirect sources such as electric power 
plants as well as combustion of natural gas and propane used at the plant.  Other 
sources of emissions include CO2 generated during foam curing on the laminator 
belt and pentane losses.  Depending on the plant and local regulatory 
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requirements, pentane is emitted directly to the atmosphere or to a thermal 
oxidizer for combustion.  These emissions have been accounted for in the study 
as follows: 

 Data Sources/Methodology and Notes: 
 Since the major impact related to emissions associated with polyiso 

manufacturing is GWP, this impact category is discussed. This impact 
results from energy associated with indirect emissions/associated 
combustion from fuels used for electricity, natural gas and propane, as 
well as landfill operations and diesel truck transport.  These factors were 
based on the TRACI Global Warming model.  GWP is based mainly on 
CO2 emissions from combustion, and CO2 and nitrous oxides emissions 
from power plants, as well as methane (e.g. from landfill).  Depending on 
the specific emissions, factors for TRACI are used to convert the 
emissions to CO2-equivalents, as different chemical species have specific 
global warming impacts depending on their half-life in the atmosphere, 
absorption of energy radiated from the earth, etc. 

 Kg CO2-equivalents associated with the energy sources, combustion and 
activities are summed and the contribution from each activity is obtained.  
The CO2 factors are calculated from the CO2-equivalents associated with 
carbon dioxide, nitrous oxides, methane etc for the materials and activities 
used to make electricity, natural gas, propane, operate a landfill, and fuel 
a diesel-powered truck. 

 In addition to the GWP associated with the above energy requirements, 
there is CO2 generated during the lamination process itself when the 
components are reacted on the lamination equipment to produce foam.  
Based on Bayer MaterialScience data for the formulation in this study, 
CO2 evolved from foam mixing on the belt = 2.04 ml CO2 gas/g foam. 
Using a CO2 gas density of 1.98 kg/m3, the resulting factor is 0.00404 kg 
CO2 gas/kg foam. 

 Finally, there are GWP emissions (in case of thermal oxidizer control) or 
VOC emissions (in case of routing to the atmosphere directly) from the 
pentane blowing agent used during manufacturing.  These emissions 
result from losses of this blowing agent as the pentane is combined with 
the MDI and polyol blend on the laminator belt.  Based on review with 
polyiso plant manufacturers, approximately 2.5% of the pentane raw 
material added to the foam is lost to air emissions in the manufacturing 
phase.  There are 13 plants (out of 31) that use thermal oxidizers to 
combust the pentane emissions.  Since the majority of polyiso plants in 
North America do not use thermal oxidizers, the calculations shown in this 
report (Results section and Appendix E) assume that the emissions go 
directly to atmosphere. 

 In the case of pentane emissions going directly to the atmosphere via a 
plant vent, the impact of the pentane as a VOC will appear in Smog 
Creation Potential in the manufacturing phase.  However, in the case of 
pentane emissions routed to a thermal oxidizer, the impact of the pentane 
will appear as GWP due to combustion of pentane to carbon dioxide.  
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Pentane collection and combustion efficiencies are assumed to be 100% 
for the case of routing emissions to a thermal oxidizer, and are calculated 
this way in the LCA model/i-Report.  The pentane combusted is 
determined by using the stoichiometric relationship for pentane combusted 
to CO2.        

 Example Calculations: 
 The examples are shown for the R-15.3 baseline case of 2.5 inch thick 

polyiso for a roofing application with GRF facer. 
 The example shown below is for GWP; however, impacts related to other 

factors such as Smog Creation Potential are calculated in a similar way by 
using factors associated with each type of impact category.  

 GWP electricity factor = 0.243 kg CO2-equivalents/MJ. 
 GWP natural gas factor = 0.0747 kg CO2-equivalents/MJ. 
 GWP propane factor = 0.04036 kg CO2-equivalents/MJ. 
 GWP from electricity = 0.243 kg CO2-equivalents/MJ x 0.12 MJ/ft2 

electricity to plant = 0.029 kg CO2-equivalents/ft2. 
 GWP from natural gas = 0.0747 kg CO2-equivalents/MJ x 0.22 MJ/ft2 

natural gas to plant = 0.016 kg CO2-equivalents/ft2 
 GWP from propane = 0.04036 kg CO2-equivalents/MJ x 0.017291 MJ/ft2 

propane used at plant = 0.000697 kg CO2-equivalents/ft2 
 For the R-15.3 baseline case of 2.5 inch thick polyiso (2.454 inch thick 

foam after deducting 0.023 inch GRF facer from each side), 0.16882 kg 
foam is needed based on the 1.82 lb/ft3 wet density, so this yields  
0.00404 kg CO2/kg foam x 0.16882 kg = 0.00068 kg CO2.  Although most 
of this CO2 may be trapped in the foam cells, it is assumed to the 
released to the atmosphere during manufacturing. This value appears as 
GWP from manufacturing emissions in the results for GWP from the 
polyiso manufacturing stage.  

 
Transport and disposal of manufacturing waste scrap to a local landfill was 
modeled using the following assumptions/parameters:  

 Data Sources/Methodology and Notes: 
 Transport models were adjusted for transport to the polyiso plant empty 

but returned full to their origin at the landfill, thus allocating both trips to 
the polyiso life cycle.   

 The 1% of the BF that is assumed as plant scrap is sent out to an 
industrial landfill.  It is assumed that a landfill for such non-hazardous 
waste is within 20 miles of the polyiso plant. 

 For landfill of scrap, it is assumed that the 1% scrap (based on a BF 
produced basis, including foam, facer and plastic wrap) is transported to a 
landfill modeled using the PE International/GaBi commercial waste for 
municipal disposal module.  This is a European based landfill model 
assumed to be representative of landfills used in North America. 

 Example Calculations: 
 Since the transport of polyiso waste to a local landfill is modeled using the 

same transport modes (adjusted for specific distance and capacity 
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utilization in each case for amount transported) and the same landfill 
model is used for waste disposed from the manufacturing, installation and 
EOL phases, details and an example calculation are described in the EOL 
section.  

  

7.5 INSTALLATION 

 
Installation includes the following activities: transport of the finished polyiso 
product to the customer/building site; transport and disposal of installation waste 
scrap to a local landfill and; impacts associated with installing the insulation 
boards on a building roof/wall.   
 
Transport of the finished polyiso product to the building site was modeled using 
the following assumptions/parameters:  

 Data Sources/Methodology and Notes: 
 The transport model was adjusted to account for allocation made for a full 

truck transporting the materials to the building site, but for an empty return 
at 20% of the time.  The empty return at 20% of the time results from a 
truck obtaining a back haul of goods for another system (assumed at 80% 
of the time) so only the 20% empty return is allocated to the polyiso life 
cycle. Table 15 summarizes the transport modes and allocation.  

 
Table 15:  Transport Modes and Allocation, Polyiso Product Shipped from Plant 

Material Mode 
Distance 
(miles) 

Capacity 
Of 

Vehicle 

Allocation to 
System Studied Capacity of 

Vehicle 
Adjusted 

For Return 

Comment To 
Bldg. 
Site 
(full) 

Return 
to plant 
(empty) 

Finished 
Polyiso 

Insulation 
Product 

Truck 250 16.06% 100% 20% 14% 

Assumes 
backhaul 
80% of 

time 

 
 The capacity of vehicle is calculated by the following approach. The 

wrapped product weight is 0.486 lb/ft2 of 2.5 inch polyiso product shipped 
out. For the closed truck, the maximum capacity is 36,480 BF and 
maximum load is 45,000 lb. Since insulation material has a low density, 
the type of dump truck is volume limited which means the weight capacity 
usage is determined by volume capacity. When volume capacity is fully 
used, the usage of weight capacity for dump truck is (0.486 lb/piece x 
(36,480 BF/2.5 BF) piece)/ 45,000 lb = 16.06 %.  The weight capacity of 
vehicle used in the Gabi module is adjusted by the percentage of empty 
pickup trip as calculated below.  The “0.5” factors in the equations 
represent the trip to the pickup site and landfill site.  For example, a 20% 
empty closed truck going back to the plant has the adjusted capacity of 
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16.06 % x [((100%-20%) x 0.5) + (100% x 0.5)] = 14%. That means only 
14% of the total weight capacity of a closed truck has been used in a 
round trip.  

 Example Calculation: 
 The example is for PED and GWP, but other environmental impacts 

are calculated in the same way by using their impact category factors. 
 The insulation product to the building site is 0.22 kg per functional unit, 

using the baseline for the roof with R15.3 and GRF facer.    
 The one-way distance from the polyiso plant to the building site is 250 

miles (400 km). 
 PED from transport of product to the building site = 5.0 E-03 MJ/(kg·km) 

x 0.22 kg x 400 km = 0.44 MJ based on lower heating value (Gabi 
closed truck energy consumption per kg insulation product transported 
per km is used after adjusting weight capacity usage to 14%). 

 GWP for transport of product to the building site = 4.9 E-05kg CO2-eq 
/(kg·km) x 0.22 kg x 400km= 4.27 E-03kg CO2-eq based on TRACI. 

 
Disposal of installation waste scrap to a local landfill was modeled using the 
following assumptions/parameters:  

 Data Sources/Methodology and Notes: 
 The 1% of the BF that is assumed as installation scrap is sent out to a 

municipal landfill.  It is assumed that a landfill for such non-hazardous 
waste is within 20 miles of the building site. 

 For landfill of scrap, it is assumed that the 1% scrap (based on a BF 
shipped from the plant basis, including foam, facer and plastic wrap) is 
transported to a landfill modeled using the PE International/GaBi 
commercial waste for municipal disposal module.  This is a European 
based landfill model assumed to be representative of landfills used in 
North America. 

 Example Calculation: 
 Since the transport of polyiso waste to a local landfill is modeled using 

the same transport modes (adjusted for specific distance and capacity 
utilization in each case for amount transported) and the same landfill 
model is used for waste disposed from the manufacturing, installation 
and EOL phases, details and an example calculation are described in 
the EOL section.  

 
The basis for estimating impacts associated with installing (and removing) the 
insulation boards on a building roof/wall were modeled using the following 
assumptions/parameters:  

 Data Source/Methodology: 
 Energy is required for lifting insulation to the roof or wall sections, and 

there is some additional amount for transporting the crane to the 
building site and back and idling of the equipment while on site. 

 A truck-mounted crane is used to lift insulation bundles from ground 
surface to building levels. 
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 The energy for polyiso installation on a building is obtained from field 
data where crane operators were interviewed during actual insulation 
removal and installation.  Based on field data, the energy use per unit 
mass of polyiso installed was estimated. 

 Notes: 
 Crane rental locations are assumed to be located within 50 miles (80 

km) of building sites. 
 Crane energy data were obtained from field interviews with crane 

operators lifting insulation to the roof of a 3-story building during 
renovation of the Building 14 roof at the Bayer MaterialScience site in 
Pittsburgh, PA  (May 2008). A “Simon 23-ton Crane” and another 
mobile crane with similar features were used for the roof renovation. 

 The average two-way distance for crane transport = 100 miles (160 
km). 

 Diesel truck-mounted crane mileage = 10 miles/gallon = 16 km/gallon. 
 Diesel consumption during lifting of insulation bundles = 6 gallons/hour. 
 Diesel consumption during truck idling = 1 gallon/hour (about 15% to 

20% of lifting fuel consumption assumed), and 1.5 hours of idle time 
assumed (10 minutes/load x 9 loads, for R15.3 case). 

 3 flat-bed truck loads are lifted to roof in one hour. 

 Example Calculation: 
 PED is shown here as an illustrative examples.  Other environmental 

impacts for diesel use such as GWP, Eutrophication Potential, 
Acidification Potential, Smog Creation Potential, Ozone Depleting 
Potential etc are calculated using the specific factors for diesel. 

 The example calculation is based on the baseline roof example at 
R15.3 (2.5 inches thick insulation) with GRF facer and wet foam 
density of 1.82 lb/ft3 where insulation is installed on a 125,000 ft2 roof. 
The factors noted above are scaled to the functional unit of 1 ft2 of 
R15.3 (2.5 inch) polyiso.  

 Diesel consumption during idling = (1.5 hours x 1 gallon/hr) /125,000 
ft2 = 1.2 E-05 gallons diesel/ft2   

 Diesel consumption during lifting = (3 hours x 6 gallon/hr) /125,000 ft2 
= 0.000144 gallons diesel/ft2   

 Diesel crane transport = (100 miles / 10 miles/gallon) /125,000 ft2 = 8.0 
E-05 gallons diesel/ft2   

 Total diesel consumed = 1.2 E-05 gallons diesel/ft2 + 0.000144 gallons 
diesel/ft2 + 8.0 E-05 gallons diesel/ft2  = 0.000236 gallons diesel/ft2   

 In order to account for removal at end-of-life, the activities are 
essentially the same, except that material is lifted from the roof to the 
ground.  Therefore, the diesel use for installation and removal is 
estimated by 0.000236 gallons diesel/ft2 x 2 = 0.000472 gallons 
diesel/ft2   

 Energy for installation and removal (combustion) = 0.000472 gallons 
diesel/ft2 x 128,450 Btu/gallon based on lower heating value x 1055 
J/Btu x MJ/106 J = 0.063963 MJ/ft2 
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 Adjusting for pre-combustion factor for diesel fuel (1.23), source 
energy =  0.078674 MJ/ft2 

7.6 USE  

 
Use phase maintenance and performance are not included in the scope of this 
study.  Regarding use phase performance, however, the i-Report provides an 
option for entering use phase energy savings over the insulation service life in a 
particular building.  This optional entry must be generated externally, preferably 
by using a whole building energy simulation program such as EnergyPlus.  The i-
Report then calculates the net life cycle energy and net values of other 
environmental impacts resulting from using the insulation over a given time 
period.        

7.7 END-OF-LIFE 

 
After the end of the service life, typically decades for polyiso, the insulation 
materials are removed by cranes and then transported to landfill sites by a dump 
truck.  EOL includes transport via diesel-powered dump truck to a landfill; 
disposal in a local landfill and; the energy and environmental impacts associated 
with insulation removal (the negligible impact of insulation removal has already 
been accounted for in the Installation phase). 
 
Regarding waste polyiso transport, models were adjusted for transport to the 
pickup site empty but returned full to their origin at the landfill, thus allocating 
both trips to the polyiso life cycle.  Table 16 summarizes the transport modes and 
allocation, based on typical waste disposal transport practices for scrap disposed 
from manufacturing, installation and EOL. 
 

Table 16:  End-of-Life Transport Modes and Allocation 

Type of 
scrap 
waste 

Mode 
Distance 
(miles) 

Capacity 
Of 

Vehicle 

Allocation to 
System Studied Capacity of 

Vehicle 
Adjusted 

For Return 

Comment To 
pickup 

site 
(empty) 

To 
landfill 

site 
(full)  

Mfg. scrap 
to LF 

Dump 
truck 

20 13.8% 100% 100% 6.9% 
Dump truck 
is empty to 
pickup site 
and fully 

loaded back 
to landfill 
site with 

scrap 

Installation 
scrap to LF 

Dump 
truck 

20 13.8% 100% 100% 6.9% 

EOL 
insulation to 

LF 

Dump 
truck 

50 13.8% 100% 100% 6.9% 
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 Data Source/Methodology & Notes: 
 The capacity of vehicle is calculated by the following approach. The 

density of foam is 1.82 lb/ ft3, thus one Board Foot foam is 1.82 lb/ ft3 X 
(1/12 ft3)= 0.1517 lb. For the 2.5 inches foam, the total foam weight is 
0.1517 lb/ BF X 2.454 BF= 0.3723 lb per piece (2.5 BF). The area density 
of facer is 0.052 lb/ ft2, with two sides of facer, the weight of facer for one 
piece of polyiso insulation is 0.052 lb X 2 = 0.104 lb. In sum, the total 
weight of one piece of polyiso insulation is 0.3723 + 0.104 lb= 0.476 lb. 

 For the dump truck, the maximum capacity is 36,480 BF and maximum 
load is 52,000 lb. Since insulation material has a low density, the dump 
truck is volume limited which means the weight capacity usage is 
determined by volume capacity.  When volume capacity is fully used, the 
usage of weight capacity for the dump truck is (0.476 lb/piece x (36,480 
BF/2.5 BF) piece)/ 52,000 lb = 13.8%.   

 The weight capacity of the vehicle used in the Gabi module is adjusted by 
the percentage of the empty pickup trip as calculated below.  The “0.5” 
factors in the equations represent the trip to the pickup site and return to 
the landfill site.  For example, a 100% empty pickup trip dump truck has 
the adjusted capacity of 13.8% x [((100%-100%) x 0.5) + (100% x 0.5)] = 
6.9%. That means only 6.9% of the total weight capacity of a dump truck 
has been used in a round trip. 

 Example Calculation: 
 For example, at EOL the insulation product to landfill is 0.219 kg per the 

1ft2 functional unit, based on the baseline case of R15.3 (2.5 inch) 
installed on a roof with GRF facer. 

 PED and GWP are shown, but the calculation is similar using the specific 
factors for the other environmental impact categories.  

 The landfill one-way distance of 80 km from the building site is assumed. 
 Energy from transport of EOL product to landfill = 9.7 E-03 MJ/(kg·km) x 

0.219 kg x 80km = 0.17031 MJ based on lower heating value (Gabi dump 
truck energy consumption per kg insulation product transported per km is 
used after adjusting weight capacity usage to 6.9%). 

 GWP for transport EOL product to Landfill = 9.41 E-05kg CO2-eq /(kg·km) 
x 0.219 kg x 80km= 1.65 E-03kg CO2-eq based on TRACI. 

 
Landfill disposal is modeled using the following assumptions/parameters:  

 Data Sources/Methodology & Notes 
 It is assumed that a European model for commercial waste in a 

municipal landfill (PE International/GaBi) is representative of landfills 
in North America. 

 For the baseline case of R15.3 installed on a building roof with GRF 
facer, the amount of polyiso disposed in the landfill at EOL = 0.219 kg. 

 In order to account for a potential loss of pentane over the polyiso life 
cycle, it is assumed that 50% of the pentane blowing agent (this is an 
additional loss beyond the amount left after a 2.5% loss in 
manufacturing) is emitted at EOL.  Although the amount of pentane 
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lost to the environment is not known, it is possible that some pentane 
may leak out over time.  Thus, this quantity is assumed to account for 
this potential loss to the environment over time during use on a 
building and eventual disposal in a landfill.  

 Example Calculation 
   PED and GWP are shown, but the calculation is similar using the 

specific factors for the other environmental impact categories.  
   Energy consumption from landfill of EOL polyiso insulation = 0.83 

MJ/kg disposed x 0.219 kg disposed = 0.183 MJ based on lower 
heating value. 

  GWP from landfill of EOL polyiso insulation = 0.69 kg CO2-eq/kg 
polyiso disposed x 0.219 kg disposed = 0.151 kg CO2-equivalents 
based on TRACI. 

 
 

8 RESULTS 

8.1 OVERALL ROOF AND WALL RESULTS FOR ALL IMPACT 

CATEGORIES 

 
Overall Life Cycle Impact Assessment (LCIA) results were calculated for 1 
square foot of polyiso insulation at various R-values:    

 Five impact categories were included:  Global Warming Potential (GWP), 
Acidification Potential (AP), Eutrophication Potential (EP), Smog Creation 
Potential (SCP) and Ozone Depleting Potential (ODP).  

 Four environmental indicators were included: Primary Energy Demand 
(PED), Resource Depletion, Water Consumption and Solid/Hazardous 
Waste. 

 
Overall polyiso life cycle results for roof and wall insulation at several thicknesses 
typical of market applications are summarized in this section.  Please note that 
that polyiso manufacturers offer many different thicknesses, but three are 
selected here for roof and wall applications, respectively.  Results for roof 
insulation with GRF facer for three R-values are shown, and results for wall 
applications with foil facer are provided alongside.  All values are expressed in 
terms of 1 square foot of installed polyiso insulation product.  Scenario inputs and 
outputs were extracted from the i-report using the model parameters tabulated in 
Appendix E.      
 
For roof insulation with GRF facer for R15.3 (baseline), R20.4 and R25.5; and 
wall insulation with foil facer for R4.9 (baseline), R9.8 and R14.6, the overall LCA 
results for environmental impacts, resource depletion, and solid and hazardous 
waste are tabulated below in Tables 17 through 20.   
 



60  

 

Throughout this report, values are colored red if the results are at least 10% 
worse (i.e. higher) than the baseline and in blue if results are at least 10% better 
(i.e. lower) than the baseline. Values within 10% of baseline are shown in black.   
 

Table 17: Environmental Impact of Insulation Scenarios over the Polyiso Life 
Cycle [Unit per Square Foot Polyiso] 

Environmental 
Impact Category 

Baseline 
Roof R15.3 

Roof  
R20.4 

Roof  
R25.5 

Baseline  
Wall R4.9 

Wall R9.8 Wall 
R14.6 

Global Warming Potential 
[kg CO2-Equiv.] 

0.80 1.02 1.38 0.34 0.54 0.73 

Acidification Potential 
[mol H+ Equiv.] 

0.12 0.15 0.21 6.21E-02 9.40E-02 0.12 

Eutrophication Potential 
[kg N-Equiv.] 

2.75E-04 3.50E-04 4.73E-04 1.17E-04 1.90E-04 2.54E-04 

Smog Creation Potential 
[kg NOx-Equiv.] 

6.38E-06 8.41E-06 1.07E-05 2.07E-06 3.92E-6 5.85E-06 

Ozone Depletion 
Potential [kg CFC 11-
Equiv.] 

7.27E-007 9.63E-07 1.22E-06 2.30E-07 4.48E-07 6.36E-07 

Total Primary Energy 
Demand [MJ] 

13.08 16.88 22.12 6.43 10.04 13.31 

Non-Renewable Primary 
Energy Demand  [MJ] 

12.86 16.61 21.76 5.63 9.18 12.39 

Renewable Primary 
Energy Demand [MJ] 

0.21 0.27 0.36 0.80 0.86 0.91 

Water [kg] 1.89 2.41 3.25 1.71 2.20 2.64 

 

Table 18: Resource Depletion of Insulation Scenarios over the Polyiso Life Cycle 
[MJ per Square Foot Polyiso] 

Resource Category 
Baseline 

Roof R15.3 
Roof 
R20.4 

Roof  
R25.5 

Baseline  
Wall R4.9 

Wall R9.8 Wall 
R14.6 

Crude oil (resource) 5.92 7.70 9.87 2.35 4.05 5.61 

Hard coal (resource) 1.53 1.95 2.62 0.73 1.14 1.50 

Lignite (resource) 0.14 0.17 0.24 0.12 0.15 0.18 

Natural gas (resource) 4.51 5.81 7.70 1.79 3.01 4.10 

Uranium (resource) 0.77 0.98 1.32 0.63 0.83 1.01 

 

Table 19: Solid Waste of Insulation Scenarios over the Polyiso Life Cycle [kg per 
Square Foot Polyiso] 

Roof Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Solid Waste [kg] 0.23 0.29 0.40 

Wall  Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Solid Waste [kg] 0.08 0.14 0.19 

 
Table 20:  Hazardous Waste of Insulation Scenarios over the Polyiso Life Cycle 

[kg per Square Foot Polyiso] 

Roof Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Hazardous Waste [kg] 1.55E-04 1.57E-04 3.05E-04 

Wall Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Hazardous Waste [kg] 3.09E-04 3.1E-04 3.08E-04 
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8.2 ROOF AND WALL RESULTS FOR GWP & PED CATEGORIZED BY LIFE 

CYCLE STAGE, RAW MATERIALS & POLYISO MANUFACTURING 

 
Since GWP and energy are generally of greatest interest to insulation industry 
stakeholders, this section tabulates and graphically shows these results for three 
roof and wall R-values, respectively.  The results are categorized by major life 
cycle stage, raw materials and polyiso manufacturing.      
 
Appendix E includes results for all other impact categories, i.e. Acidification 
Potential (AP), Eutrophication Potential (EP), Smog Creation Potential (SCP) and 
Ozone Depleting Potential (ODP). Appendix E also includes results for the other 
indicators, i.e. Resource Depletion, Water Consumption and Solid/Hazardous 
Waste.  Similar to this section, results are categorized by major life cycle stage, 
raw materials and polyiso manufacturing for roof and wall applications at three R-
value, respectively.  
 
Figures 4, 5 and 6, followed by Tables 21, 22 and 23, respectively, show GWP 
results for roof insulation at three typical R-values used in roofing applications: 
R15.3, R20.4 and R25.5.   
 
Similarly, Figures 7, 8 and 9, followed by Tables 24, 25 and 26, respectively, 
show GWP results for wall insulation at three typical R-values used in wall 
applications: R4.9, R9.7 and R14.6.    
   

 Figure 4: Roof applications - GWP associated with each major Life Cycle stage 
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Table 21: Roof Applications - Global Warming of Polyiso Life Cycle [kg CO2-eq per 

Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 0.80 1.02 1.38 

1. Raw Materials 0.52 0.67 0.90 

2. Transport of Raw Materials 0.04 0.05 0.06 

3. Polyiso Manufacturing 0.04 0.06 0.07 

4. Installation 0.04 0.05 0.06 

5. Use Phase NA NA NA 

6. Disposal / EOL 0.16 0.20 0.28 

 
Note:       
Regarding GWP, raw materials have the greatest impact on the polyiso life cycle 
followed by EOL, which together make up 86% of the life cycle GWP.  Raw 
materials contribute about two-thirds (65%) of the total polyiso life cycle GWP.  
This is expected, as the cradle-to-gate manufacturing of mostly chemical raw 
materials requires relatively more resources and energy that generate global 
warming emissions compared to materials transportation, polyiso manufacturing, 
installation and disposal.  The next most GWP-intensive stage making up about 
21% of the life cycle GWP is Disposal/EOL, as this stage includes mostly GWP 
associated with disposal in a landfill.   
 
Polyiso manufacturing makes up less than 7% of the total life cycle GWP, as 
polyiso manufacturing generates GWP associated mainly with energy from 
electricity and natural gas to operate the lamination and associated processing 
machinery.  The remaining approximately 7% of GWP is generated from 
transporting the polyiso to a building site for installation (4%) and then mainly 
from energy needed to transport raw materials to the polyiso plant (3%).  The 
R20.4 and R25.5 scenario results are in red since the thicker insulation results in 
GWP impacts that are 10% greater than the baseline case.  Use phase is not 
included and hence Not Applicable (NA) is noted above. 
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Figure 5: Roof applications - GWP associated with raw materials used to 
manufacture polyiso insulation 

 
 
 

Table 22: Roof Applications - Global Warming of Raw Materials only [kg CO2-eq 
per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 0.27 0.35 0.45 

Polyol 0.10 0.14 0.17 

GRF Facer 0.08 0.08 0.16 

Foil Facer NA NA NA 

TCPP 0.038 0.05 0.06 

Surfactant * * * 

Pentane 0.03 0.04 0.04 

Catalyst K-15 7.05E-03 9.3E-03 1.18E-02 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 9.06E-04 6.84E-04 0.0005415 

Water 9.23E-09 1.22.E-08 1.54E-08 

* Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note:       
Regarding GWP associated with raw materials, the chemicals that make up 55.5% 
(MDI) and 31% (polyol) of the foam formulation by weight define the GWP. 
Based on the total GWP from raw materials for the baseline at 0.51 kg CO2-
eq/ft2, MDI makes up approximately 50% of this amount, and polyol makes up 
about 20%, so that MDI and polyol both contribute to 70% of the GWP related to 
cradle-to-gate raw materials.  Again, this is expected based on the predominant 
volumes of these chemicals and their GWP intensity.  Also as expected, the GRF 
facer is an important GWP contributor at 15% of the total raw material GWP 
(baseline case, the percentage impact of GRF facer will be lower for thicker 
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foams for cases when only one board is used), based on its mass per ft2 polyiso 
at 0.104 pounds or approx. 0.05 kg.  Thus, for a 1 ft2 piece of 2.454 inch foam 
(deducting for facer width), the foam weighs 0.169 kg, and the total weight of 
facer and foam is about 0.22, where facer makes up about 23% of the polyiso 
product.  So even though the GWP intensity of facer is relatively lower compared 
to other chemical raw materials, it makes up in mass to contribute to raw material 
GWP.  The flame retardant, TCPP, is only 3.4 wt.% of the foam but it has a 
relatively higher GWP factor compared to the other chemicals and therefore still 
contributes to 7% of the total raw material GWP.  For example, even though 
pentane makes up more than twice the amount in foam formulation versus TCPP, 
the pentane contribution to GWP (5%) is less since its production is not as GWP 
intensive compared to TCPP.  The contribution of the other chemical materials is 
minor and in the case of water, it is negligible.          
 
The GRF facer result remains the same for the baseline and R20.4 scenarios, as 
1 ft2 of facer is used on both sides, but it is twice as high for the R25.5 case 
since four layers of facer are used (two foam boards combined) for that scenario.   
Foil facer is not applicable since the results are for roofing insulation using GRF 
facer. The results for polyethylene film used to wrap the insulation product show 
a decrease of greater than 10% below the baseline, as the model assumes that 
this material wraps each individual board, and thus thicker boards require less 
wrap than that for each of the individual thinner boards.  In some cases several 
thinner boards may be wrapped with polyethylene and the wrapping impact will 
not change much with board thickness compared to thicker boards.   
Polyethylene’s impact is not critical since it only has a 0.2% impact on the GWP 
of raw materials, and only a 0.1% impact on the GWP of the total polyiso life 
cycle.    
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Figure 6: Roof applications - GWP associated with the manufacture of polyiso insulation 

 
 
 

Table 23: Roof Applications - Global Warming of manufacturing stage only [kg 
CO2-eq per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 2.39E-02 3.18E-02 4.01E-02 

Natural Gas 1.73E-02 2.29E-02 2.89E-02 

Propane 7.20E-04 9.54E-04 1.20E-03 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions 7.27E-04 9.63E-04 1.22E-03 

Transport – Manuf Waste 4.92E-05 6.18E-05 8.59E-05 

Manufacturing Waste in Landfill 1.54E-02 1.93E-03 2.68E-03 

 
Note:       
Regarding GWP associated with gate-to-gate polyiso plant operations, electricity 
and natural gas make up around 94% of the total GWP associated from 
manufacturing.  This is expected due to the process operations: electricity 
(indirect CO2 etc emissions at power plants) for laminator machinery drives and 
saws etc and associated plant operations, and combustion from natural gas-fired 
heater for cell formation hardening of the boards.  The small amount of GWP is 
related to fork-lift trucks mostly used to stack the finished polyiso in the plant.  
Since the baseline case is for emissions of pentane directly to the atmosphere, 
there are no emissions of CO2 that would cause a GWP impact from the thermal 
oxidizer, so NA is noted above.  Manufacturing emissions relate to the tiny 
amount of GWP associated with CO2 evolution at the laminator pour table when 
the MDI reacts with other form components.  Relatively minor amounts of GWP 
result from diesel truck transport (combustion of diesel fuel) and landfill disposal 
of manufacturing scrap (1% of the product).     
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Figure 7: Wall applications - GWP associated with each major Life Cycle stage 

 
 
Table 24: Wall Applications - Global Warming of Polyiso Life Cycle [kg CO2-eq per 

Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 0.34 0.54 0.73 

1. Raw Materials 0.24 0.38 0.50 

2. Transport of Raw Materials 1.23E-02 2.20E-02 3.07E-02 

3. Polyiso Manufacturing 1.35E-02 2.70E-02 4.03E-02 

4. Installation 1.30E-02 2.29E-02 3.30E-02 

5. Use Phase NA NA NA 

6. Disposal / EOL 5.21E-02 9.13E-02 0.13 

 

Note:       
Regarding GWP, the trends for wall insulation are similar to those already 
described for roofing applications.    Raw materials GWP makes up a slightly 
greater portion of the total life cycle for wall insulation (73%) versus roof 
insulation (65%), as the foil facer has a higher GWP intensity contributed by 
aluminum compared to the GRF facer that is manufactured primarily from 
recycled paper and glass.  Thus, 2 ft2 of foil facer (1 ft2 on each side) has a 
GWP contribution 30% higher compared to 2ft2 of GRF insulation, even though 
the GRF facer is 9 times thicker than the foil facer.    
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Figure 8: Wall applications - GWP associated with raw materials used to 

manufacture polyiso insulation 

 
 
 

Table 25: Wall Applications - Global Warming of Raw Materials only [kg CO2-eq 
per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 8.03E-03 0.16 0.23 

Polyol 3.58E-02 7.16E-02 0.10 

GRF Facer NA NA NA 

Foil Facer 0.10 0.10 0.10 

TCPP 1.19E-02 2.38E-02 3.43E-02 

Surfactant * * * 

Pentane 7.87E-02 1.58E-02 2.43E-02 

Catalyst K-15 2.22E-03 4.44E-03 6.39E-03 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 2.97E-03 1.48E-03 9.99E-04 

Water 2.90E-09 5.81E-09 8.36E-09 

* Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note:       
Regarding GWP of raw materials for wall applications with Al facer, the trends 
are generally similar to those already noted for roof applications with GRF facer, 
especially if one compares the wall and roof insulation at the same thickness.  
Comparing at similar thicknesses, roof at R15.3 and wall at R14.6, the 
contributions of each raw material to the total raw materials GWP is about the 
same.  However, as the foam thickness is reduced to 0.75 inch for R4.9 wall 
applications, the facer (which is constant for varying foam thickness) contributes 
the most to raw materials GWP as seen above.   
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Figure 9: Wall applications - GWP associated with the manufacture of polyiso insulation 

 
 

 
Table 26: Wall Applications - Global Warming of manufacturing stage only [kg 

CO2-eq per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 7.30E-03 1.46E-02 2.19E-02 

Natural Gas 5.27E-03 1.06E-02 1.58E-02 

Propane 2.19E-04 4.39E-04 6.59E-04 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions 2.28E-04 4.57E-04 6.58E-04 

Transport - Manuf Waste 1.62E-05 2.83E-05 3.90E-05 

Manufacturing Waste in Landfill 5.06E-04 8.84E-04 1.22E-03 

 
Note:       
The contributions to GWP from the processes noted above in the polyiso 
manufacturing stage are similar to those described for roof insulation at 
thicknesses similar to wall insulation.   
 
Figures 10, 11 and 12 followed by Tables 27, 28 and 29, respectively, show PED 
results for roof insulation at three typical R-values used in roofing applications, 
R15.3, R20.4 and R25.5.    
 
Figures 13, 14 and 15 followed by Tables 30, 31and 32, respectively, show PED 
results for wall insulation at three typical R-values used in wall applications, R4.9, 
R9.7 and R14.6.    
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Figure 10: Roof applications - PED associated with each major Life Cycle stage 
scenario 

 
 
 

Table 27: Roof applications - Total PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 13.08 16.88 22.12 

1. Raw Materials 10.99 14.22 18.71 

2. Transport of Raw Materials 0.54 0.68 0.93 

3. Polyiso Manufacturing 0.66 0.88 1.11 

4. Installation 0.62 0.77 0.93 

5. Use Phase    

6. Disposal / EOL 0.26 0.33 0.45 

 

Note:       
Regarding PED, raw materials have the overwhelming impact on the polyiso life 
cycle followed far behind by the other stages.  Raw materials make up almost 85% 
of the life cycle PED.  This is expected, as the cradle-to-gate manufacturing of 
mostly chemical raw materials requires relatively more resources and energy 
compared to materials transportation, polyiso manufacturing, installation and 
disposal.  Polyiso manufacturing makes up only about 5.5 % of the life cycle PED, 
with the remaining approximately 10% coming from the other stages.   
 
It is noteworthy that the “cradle-to-gate” PED required to make 1 ft2 of insulation, 
meaning the raw materials, raw materials transportation and polyiso 
manufacturing stages combined, make up over 92% of the total life cycle PED. 
The R20.4 and R25.5 scenario results are in red since the thicker insulation 
results in PED impacts that are 10% greater than the baseline case.  Use phase 
is not included and hence Not Applicable (NA) is noted above. 
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Figure 11: Roof applications - PED associated with raw materials used to 

manufacture polyiso insulation 

 
 

Table 28: Roof applications - Total PED of Raw Materials only [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 5.54 7.35 9.28 

Polyol 2.65 3.51 4.43 

GRF Facer 1.03 1.03 2.06 

Foil Facer NA NA NA 

TCPP 0.53 0.71 0.89 

Surfactant * * * 

Pentane 1.04 1.38 1.74 

Catalyst K-15 0.17 0.23 0.29 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 2.74E-02 2.07E-02 1.64E-02 

Water 1.33E-07 1.76E-07 2.22E-07 

         *Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off 
criteria. 
 

Note:       
Regarding PED associated with raw materials, the chemicals that make up 55.5% 
(MDI) and 31% (polyol) of the foam formulation by weight define the PED. Based 
on the total PED from raw materials for the baseline at 10.66 MJ/ft2, MDI makes 
up approximately 50% of this amount, and polyol makes up about 24%, so that 
MDI and polyol both contribute to 74% of the PED related to cradle-to-gate raw 
materials.  Again, this is expected based on the predominant volumes of these 
chemicals and their energy intensity.  Also as expected, the GRF facer is an 
important PED contributor at almost 10% of the total raw material PED, based on 
its mass per ft2 polyiso at 0.104 pounds or approx. 0.05 kg.  Thus, for a 1 ft2 
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piece of 2.454 inch foam (deducting for facer width), the foam weighs 0.169 kg, 
and the total weight of facer and foam is about 0.22, where facer makes up about 
23% of the polyiso product.  So even though the PED intensity of facer is 
relatively lower compared to other chemical raw materials, it makes up in mass to 
contribute to raw material PED.  The flame retardant, TCPP, is only 3.4 wt.% of 
the foam but it has a relatively higher PED factor compared to the other 
chemicals and therefore still contributes to about 5% of the total raw material 
PED.  Pentane’s contribution to PED (almost 10%) is the only other significant 
PED contributor.  The contribution of the other chemical materials is minor and in 
the case of water, it is negligible.          
 
The GRF facer result remains the same for the baseline and R20.4 scenarios, as 
1 ft2 of facer is used on both sides, but it is twice as high for the R25.5 case 
since four layers of facer are used (two foam boards combined) for that scenario.   
Foil facer is not applicable since the results are for roofing insulation using GRF 
facer. The results for polyethylene film used to wrap the insulation product show 
a decrease of greater than 10% below the baseline, as the model assumes that 
this material wraps each individual board, and thus thicker boards require less 
wrap than that for each of the individual thinner boards.  In some cases several 
thinner boards may be wrapped with polyethylene and the wrapping impact will 
not change much with board thickness.   Polyethylene’s impact is not critical 
since it only has a 0.3% impact on the PED of raw materials, and only a 0.2% 
impact on the PED of the total polyiso life cycle.    
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Figure 12: Roof applications - PED associated with the manufacture of polyiso insulation 

 
 
 

Table 29: Roof applications - Total PED of Manufacturing stage only [MJ per 
Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 0.37 0.49 0.62 

Natural Gas 0.27 0.36 0.45 

Propane 2.23E-02 2.96E-02 3.73E-02 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 6.99E-04 8.77E-04 1.22E-03 

Manufacturing Waste in Landfill 1.93E-03 2.43E-03 3.38E-03 

 
Note:       
Regarding PED associated with gate-to-gate polyiso plant operations, electricity 
and natural gas make up over 95% of the total PED associated from 
manufacturing.  This is expected due to the process operations: electricity for 
laminator machinery drives and saws etc and associated plant operations, and 
combustion from natural gas-fired heater for cell formation hardening of the 
boards.  The small amount of PED for propane is related to fork-lift trucks mostly 
used to stack the finished polyiso in the plant.  Manufacturing emissions are not 
applicable to this indicator, and emissions go directly to the atmosphere so the 
Thermal Oxidizer is also not applicable.  Minor amounts of PED are associated 
with diesel truck transport (combustion of diesel fuel) and landfill disposal of 
manufacturing scrap (1% of the product).     
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Figure 13: Wall applications - PED associated with each major Life Cycle stage Scenario 

 
 
 

Table 30: Wall applications - Total PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 6.43 10.04 13.31 

1. Raw Materials 5.66 8.72 11.46 

2. Transport of Raw Materials 0.18 0.31 0.44 

3. Polyiso Manufacturing 0.20 0.40 0.61 

4. Installation 0.31 0.45 0.58 

5. Use Phase NA NA NA 

6. Disposal / EOL 8.41E-02 0.15 0.21 

 

Note:       
Regarding PED, the trends for wall insulation are similar to those already 
described for roofing applications.    Raw materials PED makes up a slightly 
greater portion of the total life cycle for wall insulation (86%) versus roof 
insulation (84%), as the foil facer has a higher energy intensity contributed by 
aluminum compared to the GRF facer that is manufactured primarily from 
recycled paper and glass.  Thus, 2 ft2 of foil facer (1 ft2 on each side) has a PED 
contribution over twice as high compared to 2ft2 of GRF insulation, even though 
the GRF facer is 9 times thicker than the foil facer.      
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Figure 14: Wall applications - PED associated with raw materials used to 

manufacture polyiso insulation 

 
 

Table 31: Wall applications - Total PED of Raw Materials only [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 1.66 3.33 4.77 

Polyol 0.91 1.82 2.61 

GRF Facer NA NA NA 

Foil Facer 2.47 2.47 2.47 

TCPP 0.17 0.34 0.487 

Surfactant * * * 

Pentane 0.30 0.61 0.94 

Catalyst K-15 5.41E-02 0.11 0.16 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 8.98E-02 4.49E-02 2.99E-02 

Water 4.16E-08 8.34E-08 1.20E-07 

        *Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off 
criteria. 
 

Note:       
Regarding PED of raw materials for wall applications with Al facer, the trends are 
generally similar to those already noted for roof applications with GRF facer, 
especially if one compares the wall and roof insulation at the same thickness.  
Comparing at similar thicknesses, roof at R15.3 and wall at R14.6, the 
contributions of each raw material to the total raw materials PED is about the 
same.  Also, the foam formulation differences between wall and roof products are 
too slight to make an impact.  However, as the foam thickness is reduced to 0.75 
inch for R4.9 wall applications, the facer (which is constant for varying foam 
thickness) contributes the most to raw materials PED as seen above.   
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Figure 15: Wall applications - PED associated with the manufacture of polyiso insulation 

 
Table 32: Wall applications - Total PED of Manufacturing stage only [MJ per 

Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 0.11 0.23 0.34 

Natural Gas 8.18E-02 0.16 0.25 

Propane 6.80E-03 1.36E-02 2.04E-02 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport – Manuf Waste 2.30E-04 4.02E-04 5.54E-04 

Manufacturing Waste in Landfill 6.38E-04 1.11E-03 1.53E-03 

 
Note:       
The contributions to PED from the processes noted above in the polyiso 
manufacturing stage are similar in percentage to those described for roof 
insulation at thicknesses similar to wall insulation.   
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9 CONCLUSIONS 

Based on the scenarios and results shown in section 8.2 for “carbon footprint” as 
measured in kgCO2-equivalents/ft2 of GWP impact, the following conclusions 
can be drawn: 

 Overall Polyiso Life Cycle 
 Raw materials have the major impact on the overall polyiso life 

cycle for roof and wall insulation, making up approximately two-
thirds to three quarters of the life cycle GWP, respectively.  

 End-of life (landfill disposal) has a significant impact, ranging from 
about 15% to 20% of the total life cycle GWP. 

 Raw materials transportation makes up about 3% of the GWP and 
transport for installation is about 4% of the overall GWP (may 
increase several percent for plants located in western U.S. states 
but is still not a defining stage even in those cases).  GWP 
associated with installing polyiso boards on a building is negligible 
relative to other stages. 

 Manufacturing of polyiso (plant gate-to-gate operations) does not 
have a defining impact on the life cycle GWP, as the GWP 
contribution for the scenarios shown is approximately 6 % for roof 
applications and less than 5% for wall applications.    

 When use phase GWP prevented over the life of a building are not 
considered, changes in raw materials having the major impact and 
end-of-life practices will have the greatest effect on the polyiso life 
cycle regarding “carbon footprint” from “embodied GWP”.  However, 
based on energy simulation studies performed by the authors, 
GWP prevented in using polyiso over the life of a building far 
outweighs the “embodied GWP” by dozens of times, making the 
effect on the polyiso life cycle of changes in embodied GWP 
insignificant when use phase is considered.            

 Raw Materials 
 For roofing applications, MDI has the greatest impact, making up 

about half the GWP contributed by raw materials (and about a third 
of the total polyiso life cycle GWP), followed by polyester polyol 
which makes up approximately 20% of the GWP contributed by raw 
materials (and about 13% of the total polyiso life cycle GWP).  GRF 
facer is the next largest contributor to GWP, in the range of 12% to 
15% of the GWP associated with raw materials.  Other materials 
such as pentane/TCPP/catalyst combined contribute less than 10% 
of raw materials GWP, while additives such as other catalysts, 
surfactant and water, as well as plastic packaging for wrapping  

 For wall applications which are generally thinner boards (less foam) 
but made with a different of facer (foil), the aluminum craft paper 
(foil) facer has the greatest impact, ranging from approximately 20% 
to 40% of the GWP from raw materials (about 15% to 30% of the 
total polyiso life cycle GWP).  The next greatest impact comes from 
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MDI, making up about 30% to 45% of the GWP contributed by raw 
materials (about 25% to 30% of the total polyiso life cycle GWP), 
followed by polyester polyol which makes up approximately 15% to 
20% of the GWP contributed by raw materials (about 10% to 15% 
of the total polyiso life cycle GWP). 

 Thus, for roofing applications MDI, followed by polyol and facer to a 
lesser extent, are the three key raw materials contributing to GWP.  
Although MDI and polyol are also key contributors to wall 
applications, the foil facer is a defining GWP contributor in all 
scenarios, but especially for thinner wall boards.            

 Polyiso Manufacturing: 
 The only changes in polyiso plant operations that have an effect on 

the GWP contributed by this stage involve electricity and natural 
gas, as these two sources of energy make up almost 95% of the 
GWP associated with polyiso gate-to-gate operations.   

 However, since GWP associated with polyiso gate-to-gate 
operations are not significant with respect to overall polyiso life 
cycle GWP, changes in plant operations will not significantly impact 
the polyiso life cycle GWP results.  For example, a decrease of 20% 
in total GWP from the polyiso plant would reduce the overall polyiso 
life cycle GWP by only 1.3%.   

 
Based on the scenarios and results shown in section 8.2 for energy, or Primary 
Energy Demand (PED) measured in MJ/ft2, the following conclusions can be 
drawn: 

 Overall Polyiso Life Cycle 
 Similar to GWP, raw materials have the major impact on the overall 

polyiso life cycle PED for roof and wall insulation, making up 
approximately 85% of the life cycle PED.  

 Raw materials transportation makes up about 2 % to 3% of the 
PED and transport for installation is about 3% to 5% of the overall 
PED (may increase several percent for plants located in western 
U.S. states but is still not a defining stage even in those cases).  
PED associated with installing polyiso boards on a building is 
negligible relative to other stages. 

 Manufacturing of polyiso (plant gate-to-gate operations) does not 
have a defining impact on the life cycle PED, as the PED 
contribution for the scenarios shown is approximately 4% to less 
than 6 %.    

 When use phase PED prevented over the life of a building are not 
considered, changes in raw materials having the major impact will 
have the greatest effect on the polyiso life cycle energy.  However, 
based on energy simulation studies performed by the authors, 
energy savings from using polyiso over the life of a building far 
outweigh the “embodied energy” by dozens of times, making the 
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effect on the polyiso life cycle from changes in embodied energy 
insignificant when use phase is considered.            

 Raw Materials 
 For roofing applications, similar to GWP, MDI has the greatest 

impact, making up about half the PED contributed by raw materials,  
followed by polyester polyol which makes up approximately  a 
quarter of the raw materials PED.  GRF facer is a PED contributor 
at almost 10% of the total raw material PED, and similarly pentane 
contributes 10% of the PED associated with raw materials.  Other 
materials are less significant or negligible in energy consumed.  

 For wall applications, similar to GWP, the aluminum craft paper (foil) 
facer has the greatest impact, ranging from approximately 20% to 
45% of the PED from raw materials (about 20% to 40% of the total 
polyiso life cycle PED).  Again similar to GWP, the next greatest 
impact comes from MDI, making up about 30% to 40% of the PED 
contributed by raw materials (about 25% to 35% of the total polyiso 
life cycle PED), followed by polyester polyol which makes up 
approximately 16% to 25% of the PED contributed by raw materials 
(about 14% to 20% of the total polyiso life cycle PED). 

 Thus, for roofing applications MDI, followed by polyol and equally 
by facer and pentane, are the key raw materials contributing to 
PED.  Although MDI and polyol are also key contributors to wall 
applications, the foil facer is an important PED contributor in all 
scenarios, but it is especially defining for thinner wall boards with 
less foam, as the facer then has the greatest impact.            

 Polyiso Manufacturing: 
 Again similar to GWP, the only changes in polyiso plant operations 

that have an effect on the PED contributed by this stage involve 
electricity and natural gas, as these two sources of energy make up 
over 95% of the PED associated with polyiso gate-to-gate 
operations.   

 However, since PED associated with polyiso gate-to-gate 
operations is not significant with respect to overall polyiso life cycle 
PED, changes in plant operations will not significantly impact the 
polyiso life cycle PED results, as has been shown for GWP as 
discussed above.   

 
Results and observations for the other impact categories and environmental 
indicators covered in this study are given in Appendix E.  GWP and PED have 
been discussed in more detail since these environmental impacts are of most 
interest to the majority of stakeholders in the insulation industry.  However, the 
results and observations noted for the other categories such as Eutrophication 
Potential, Acidification Potential, Smog Creation Potential, Ozone Depleting 
Potential, etc. provide for conclusions to be drawn as needed.  For example, 
some of these other categories covered in this LCA may be useful for 
Environmental Product Declarations or other studies that focus on such impacts. 
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APPENDIX A:  LCA PROCESS OVERVIEW 

 
LCA is a cradle-to-end of life approach for assessing products, beginning with 
raw materials inputs from the earth to make the product and ending when 
materials are recycled, disposed or reused at end of life.  LCA evaluates each 
phase of a product's life, and estimates environmental impacts from each stage 
of the product life cycle. LCA thus provides a comprehensive and holistic view of 
the environmental aspects of the product and a more accurate evaluation of the 
environmental advantages and disadvantages for a particular product and the 
processes associated with making that product. 

 

Life cycle includes the main activities occurring during a product's life from raw 
material resources (coal, crude oil, natural gas etc) extraction to manufacture, 
transportation, use and final disposal at end of life.  Typical inputs measured or 
estimated include raw materials and energy, while typical outputs include 
emissions to air, solid waste and wastewater. 

 

LCA is a systematic process that uses an approach consisting of four key 
components shown in Figure A-1: goal and scope definition, inventory analysis, 
impact assessment, and interpretation. The LCA methodology is a technique that 
assesses environmental aspects and potential environmental impacts associated 
with a product such as building thermal insulation, but it can be applied to any 
product or service.  The LCA methodology is governed by ISO 14040 and 14044, 
the international standards for conducting life cycle assessments.      
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Figure AA- 1 

Goal and scope definition means defining the product's function (i.e. application), 
including associated processes and activities. It establishes the context for 
conducting the LCA and identifies the boundaries and environmental impacts to 
be evaluated, outlining the rationale of the study, anticipated use of study results, 
boundary conditions, and data needs and assumptions for analyzing the product 
system. The goal of the study is based upon questions that the study seeks to 
address, the target audience and stakeholders involved, and intended use of the 
study’s results. The scope of the study also defines the systems boundary in 
terms of technological, geographical, and time period covered by the LCA. 
   

Life Cycle Inventory (LCI) Analysis involves identifying and quantifying energy, 
resources such as water, and raw materials such as chemicals and packaging 
used, and environmental releases to air, solid waste disposal to landfills, 
wastewater etc. It is important to note that the LCI is a list of input and output 
flows that do not assess their environmental relevance, while LCA means the 
inputs/outputs are evaluated to describe their potential effects on the 
environment.  Thus, the Inventory Analysis qualitatively and quantitatively 
documents the materials and energy used (inputs), and the products, 
by‐ products, and environmental aspects in terms of emissions to the 
environment and wastes (outputs) in the product life cycle.  

 
The LCI data can be used on its own to understand total emissions, wastes and 
resource use associated with the material or product being studied; to improve 
production or product performance; or it can be further analyzed and interpreted 
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to provide insights into the potential environmental impacts from the system, i.e. 
for the Life Cycle Impact Assessment and interpretation, LCIA. 
 

Impact Assessment focuses on assessing potential effects of energy and 
material resources used and the environmental releases identified in the 
inventory analysis, for example, the Global Warming Potential associated with 
emissions such as carbon dioxide, nitrous oxides, methane etc from energy 
use.  Interpretation includes evaluating results of the inventory analysis and 
impact assessment for a product, process or formulation, while understanding 
the assumptions used to generate the results. 

 
In the case of the polyiso LCA, the goals, scope, compilation of inputs (e.g. raw 
materials, energy) and outputs (e.g. emissions, waste) for the inventory, as well 
as impact categories assessed are discussed in detail in this report.  In addition 
to providing an understanding of process and formulation changes that impact 
the product life cycle, LCAs provide insights into a product system that have the 
most significant environmental impacts, e.g. raw materials used, use phase 
benefits.  These impacts are shown in the i-Report output which is categorized by 
the key life cycle phases of polyiso and quantifies their environmental 
impacts.  Impacts of specific raw materials can also be seen.  Moreover, the 
impact on the product life cycle from changes in product density, raw material 
composition, transportation, emissions control etc can be quantified using an 
LCA and such changes are readily calculated from the i-Report.  In particular, the 
results of the polyiso LCA are useful for demonstrating that energy savings and 
GWP prevented over the building life far outweigh the relatively minimal energy, 
GWP and other environmental impacts generated in making the polyiso 
insulation.  
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APPENDIX B: DESCRIPTION OF IMPACT CATEGORIES AND INDICATORS 

 
Life Cycle Impact categories included in this report were based on Impact 
categories and methods appropriate for use in North America.  The current state 
of the science of life cycle impact methodology consists of the US EPA TRACI 
(Tool for the Reduction and Assessment of Chemical and other Environmental 
Impacts) impact assessment methodology.  The following is a summary 
description of the methods and applicable references. TRACI Impact Categories 
referenced in this report include: 

1. Global Warming Potential  
2. Acidification Potential 
3. Eutrophication Potential 
4. Smog Creation Potential 
5. Ozone Depletion Potential 

 
Additional technical quantities (indicators) reported to illustrate the overall 
environmental burden include: 

6. Primary Energy Demand 
a. Total Primary Energy Demand 
b. Non-Renewable Primary Energy Demand 
c. Renewable Primary Energy Demand 

7. Resource Depletion 
8. Water Consumption 
9. Solid and Hazardous Waste 

 
A detailed description of the impact categories used in this report are described 
below. 
 
Global Warming Potential 
 
Global climate change refers to the potential change in the earth's climate 
caused by the build-up of chemicals (i.e. “greenhouse gases”) that trap heat from 
the reflected sunlight that would have otherwise passed out of the earth's 
atmosphere.  Since pre-industrial times, atmospheric concentrations of CO2, CH4, 
and N20 have climbed by over 30%, 145% and 15%, respectively.  While “sinks” 
exist for greenhouse gases (e.g. oceans and land vegetation absorb carbon 
dioxide), the rate of emissions in the industrial age has been exceeding the rate 
of absorption.   
 
Simulations by researchers within the research community of global warming are 
currently being conducted to try to quantify the potential endpoint effects of these 
exceedances, including increased droughts, floods, loss of polar ice caps, sea 
level rise, soil moisture loss, forest loss, change in wind and ocean patterns, 
changes in agricultural production, decreased biodiversity and increasing 
occurrences of extreme weather events.   
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TRACI uses Global Warming Potentials (GWPs) - a midpoint metric.  The global 
warming potentials (GWPs) are based on recommendations contained within the 
Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report 
(TAR) (IPCC 2001) to adhere to the international agreement by parties of the 
United Nations Framework Convention on Climate Change (UNFCCC) (FCCC 
1996) (EPA 2004):  
 
The 100-year time horizons are recommended by the IPCC and are used by the 
U.S. for policy making and reporting, (EPA 2004) and are adopted within TRACI.  
The final sum, known as the Global Warming Index (GWI), indicates the potential 
contribution to global warming. 
 
Units of Global Warming Potential Results: CO2 equivalents/kg emission 
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Acidification Potential 
 
Acidification refers literally to processes that increase the acidity (hydrogen ion 
concentration) of water and soil systems. The common mechanism for 
acidification is deposition of negatively charged ions (anions) that are then 
removed via leaching, or biochemical processes, leaving excess (positive) 
hydrogen ion concentrations (H+) in the system.  The major acidifying emissions 
are oxides of nitrogen (NOx) and sulfur dioxide (SO2), as well as ammonia 
emissions that lead to ammonium deposition.  Acid rain generally reduces the 
alkalinity of lakes; changes in the alkalinity of lakes related to their acid 
neutralizing capacity (ANC) are used as a diagnostic for freshwater systems 
analogous to the use of H+ budgets in terrestrial watersheds (Schlesinger 1997).  
Acid deposition also has deleterious (corrosive) effects on buildings, monuments, 
and historical artifacts. 
 
The stressor-effects for acidification have three stages. Emissions lead to 
deposition (via a complex set of atmospheric transport and chemistry processes), 
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which in turn can lead to a variety of site-dependent ecosystem impacts – 
damages to plant and animal populations (via a complex set of chemical and 
ecological processes).  Deposition occurs through three routes: wet (rain, snow, 
sleet, etc.), dry (direct deposition of particles and gasses onto leaves, soil, 
surface water, etc.) and cloud water deposition (from cloud and fog droplets onto 
leaves, soil, etc.). 
 
As described in Norris (2002), the acidification model in TRACI makes use of the 
results of an empirically calibrated atmospheric chemistry and transport model to 
estimate total North American terrestrial deposition of expected H+ equivalents 
due to atmospheric emissions of NOx and SO2, as a function of the emissions 
location.   
 
The resulting acidification characterization factors are expressed in H+ mole 
equivalent deposition per kg emission. Characterization factors take account of 
expected differences in total deposition as a result of the pollutant release 
location.  Factors for acidification are available for each U.S. state.  In many LCIA 
applications the location of the emission source will be known with less precision 
than the state level for processes within the life cycle inventory.  Therefore, 
additional characterization factors were developed for each of four U.S. regions, 
for two larger regional divisions (either east or west of the Mississippi river), and 
for the U.S. as a whole.  For each of these larger regions, the composite factor 
was created using an annual emissions-weighted average of its constituent 
states. 
 
As reported in (Norris 2002), regional characterization factors range from roughly 
20% of the U.S. average to 160% of the U.S. average, and deviation from the 
U.S. average is variable between SO2 and NOx; that is, the effect of source 
region upon a characterization factors' deviation from the national average values 
varies somewhat between SO2 and NOx.  Although the majority of acidic 
deposition in North America stems from emissions of NOx (NO and NO2) and 
SO2 (including SOx as SO2), significant amounts are also due to emissions of 
ammonia, and trace amounts from emissions of HCl, and HF.  TRACI adopts U.S. 
average characterization factors for these trace emissions, based on their H+ 
formation potentials per kg emitted in relation to SO2.   
 
The benefits of the new TRACI method for characterization of acidifying 
emissions, relative to prior non-regionalized method like Heijungs et al. (1992), 
are the increased ability for LCIA results to take into account location-based 
differences in expected impact.  These benefits stem from the fact that the 
TRACI acidification factors pertain to a focused midpoint within the impact chain 
– total terrestrial deposition, for which there is considerable, well-understood, and 
quantifiable variability among source regions.  
 
There are at least two ways in which the regional variability in deposition 
potential can have an impact on the acidification potential.  In the event that the 
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alternatives have their processes (and thus their emissions) clustered in different 
regions, the overall deposition potentials for both SO2 and NOx can vary by as 
much as a factor of 5 or more (see Norris 2002).  Another possibility is that the 
alternatives have their processes predominantly clustered in the same regions.  If 
this is the case, then the relative deposition potentials of a kg of NOx versus SO2 
emissions can vary by nearly a factor of two from one region to another.  In this 
instance, using the region-appropriate characterization factors may be important 
to the overall study outcome. 
 
The modeling stops at the midpoint in the cause-effect chain (deposition) 
because in the U.S. there is no regional database of receiving environment 
sensitivities (as is available in Europe).  Thus, the source region-based variability 
in total terrestrial deposition has been captured, but not the receiving region-
based variability in sensitivity or ultimate damage.  Future advances of the 
TRACI acidification method may address regionalized transport and deposition of 
ammonia emissions, and investigate the potential to account for regional 
differentiation of receiving environment sensitivities. 
 
Units of Acidification Results: H+ moles equivalent deposition/kg emission 
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Eutrophication Potential 
 
“The most common impairment of surface waters in the U.S. is eutrophication 
caused by excessive inputs of phosphorus (P) and nitrogen (N). Impaired waters 
are defined as those that are not suitable for designated uses such as drinking, 
irrigation, by industry, recreation, or fishing.  Eutrophication is responsible for 
about half of the impaired lake area, 60% of the impaired rivers in the U.S., and 
is also the most widespread pollution problem of U.S. estuaries” (Carpenter et al, 
1998).   
 
Eutrophication means fertilization of surface waters by nutrients that were 
previously scarce.  When a previously scarce (limiting) nutrient is added, it leads 
to proliferation of algae.  This may lead to a chain of further consequences, 
potentially including foul odors or taste, death or poisoning of fish or shellfish, 
reduced biodiversity, or production of chemical compounds toxic to humans, 



86  

 

marine mammals, or livestock.  The limiting nutrient issue is key to 
characterization analysis of P and N releases within LCIA.  If equal quantities of 
N and P are released to a freshwater system that is strictly P-limited, then the 
characterization factors for these two nutrients should account for this fact (e.g., 
the characterization factor for N should approach zero in this instance). 
 
Prior to utilization of TRACI, it is important to determine the actual emissions that 
will be transported into water.   As an example, fertilizers are applied to provide 
nutrition to the vegetation that covers the soil and therefore, only the run-off of 
fertilizer makes it into the waterways.  The over-application rate is highly variable 
and may depend on soil type, vegetation, topography, and even the timing of the 
application relative to weather events.  The TRACI characterization factors for 
eutrophication are the product of a nutrient factor and a transport factor.  The 
nutrient factor captures the relative strength of influence on algae growth in the 
photic zone of aquatic ecosystems of 1 kg of N versus 1 kg of P, when each is 
the limiting nutrient.  The location or context-based “transport factors” vary 
between 1 and zero, and take account of the probability that the release arrives 
in an aquatic environment (either initially or via air or water transport) to which it 
is a limiting nutrient.  The TRACI characterization method for eutrophication is 
described in more detail in the companion paper (Norris 2002). 
 
The characterization factors estimate the eutrophication potential of a release of 
chemicals containing N or P to air or water, per kg, relative to 1 kg N discharged 
directly to surface freshwater.  The regional variability in the resulting 
eutrophication factors shows that the source location will influence not only the 
relative strength of influence for a unit emission of a given pollutant, but it will 
also influence the relative strength of influence among pollutants.  The benefits of 
the new TRACI method for characterization of eutrophying emissions, relative to 
a prior non-regionalized method like Heijungs et al. (1992) are increased ability 
for life cycle impact assessment results to take into account the expected 
influence of location on both atmospheric and hydrologic nutrient transport, and 
thus the expected influence of release location upon expected nutrient impact.  
The combined influence of atmospheric transport and deposition along with 
hydrologic transport can lead to total transport factors differing by a factor of 100 
or more (Norris 2002). 
 
As with both acidification and photochemical oxidant formation, TRACI provides 
characterization factors for nine different groups of U.S. states which are known 
as Census Regions, (see, for example, 
http://www.eia.doe.gov/emeu/reps/maps/us_census.html) for eastern and 
western regions, and for the U.S. as a whole, for use when the location of the 
release is not more precisely known. For each of these larger regions, the 
composite factor was created using an average of those for its constituent states. 
 
Units of Eutrophication Results: Nitrogen equivalents/kg emission 
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Smog Creation Potential 
 
Ozone (O3) is a reactive oxidant gas produced naturally in trace amounts in the 
earth's atmosphere. Rates of ozone formation in the troposphere are governed 
by complex chemical reactions, which are influenced by ambient concentrations 
of oxides of nitrogen (NOx), volatile organic compounds (VOCs), the mix of 
organic compounds, temperature, sunlight, and convective flows.  In addition, 
recent research in the Southern Oxidants Study (e.g., Chameides and Cowling 
1995) indicates that carbon monoxide (CO) and methane (CH4) can play a role 
in ozone formation. 
 
There are over 100 different types of VOC emitted to the atmosphere, and they 
can differ by more than an order of magnitude in terms of their estimated 
influence on photochemical oxidant formation (e.g., [Carter 1994]).  Further 
complicating the issue is the fact that in most regions of the U.S., ambient VOC 
concentrations are due largely to biological sources (trees).  For example, in 
urban and suburban regions of the U.S. at midday, biogenic VOCs can account 
for a significant fraction (e.g., 10-40%) of the total ambient VOC reactivity (NRC 
1991).  In rural areas of the eastern U.S., biogenic VOCs contribute more than 90% 
of the total ambient VOC reactivity in near-surface air. 
 
Ozone in the troposphere leads to detrimental impacts on human health and 
ecosystems.  The mid-point associated with photochemical oxidant formation is 
the formation of ozone molecules (O3) in the troposphere. 
 
Conventional smog characterization factors for LCIA have been based on 
European modeling of the relative reactivities among VOCs, and have neglected 
NOx entirely.  This neglect of NOx is a highly significant omission: throughout the 
past decade, numerous U.S. studies have found spatial and temporal 
observations of near-surface ozone concentrations to be strongly correlated with 
ambient NOx concentrations, and more weakly correlated with anthropogenic 
VOC emissions (see, for example, NRC 1991, Cardelino and Chameides 1995).  
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Another omission in all existing smog characterization factors has been the 
potential influence of emission location. 
 
The approach to smog characterization analysis for VOCs and NOx in TRACI 
has the following components: (1) relative influence of individual VOCs on smog 
formation; (2) relative influence of NOx concentrations versus average VOC 
mixture on smog formation; (3) impact of emissions (by release location) upon 
concentration by state; and (4) optional methods for aggregation of effects 
among receiving states – either by area or population-weighted area. 
 
To characterize the relative influence on O3 formation among the individual 
VOCs, Carter's latest maximum incremental reactivity calculations are used 
(Carter 2000).  These reflect the estimated relative influence for conditions under 
which NOx availability is moderately high and VOCs are at their most influential 
upon O3 formation.  For the relative influence of NOx emissions in comparison to 
the base reactive organic gas mixture a mid-range factor of 2 is used, which is in 
agreement with empirical studies on regional impacts for the eastern U.S. (e.g., 
Cardelino and Chameides 1995), and is at the middle of a range of model-based 
studies (Rabl and Eyre 1997, Seppälä 1997). 
 
The influence of NOx emissions upon regional ambient levels has been modeled 
using source/receptor matrices that relate the quantity of seasonal NOx 
emissions in a given source region to changes in ambient NOx concentrations in 
each receiving region across North America.  These source/receptor matrices 
were obtained from simulations of the Advanced Statistical Trajectory Regional 
Air Pollution (ASTRAP) model (Shannon 1991, 1992, 1996).  Source and 
receptor regions are the contiguous U.S. states, plus Washington, D.C., plus the 
10 Canadian Provinces, plus northern Mexico.  Recent empirical research (e.g., 
St. John et al. 1998, Kasibhatla et al. 1998) shows that average O3 
concentrations exhibit strong and stable correlations with regional ambient NOx 
concentrations. 
 
The assumption was made that VOC emission impacts on regional O3 
concentrations have the same spatial distribution as the ambient NOx 
concentration impacts (i.e., similar regional transport for VOCs and NOx).  Finally, 
the outcome of the source/transport modeling is proportional to estimated O3 
concentration impacts (g/m2) per state, given an assumed linear relationship 
between the changes in concentration in NOx (with VOC-concentrations 
converted to NOx equivalents).   
 
Finally there is the question of how to aggregate the effects of estimated changes 
in smog concentration by state.  Exposures leading to human health impacts will 
be related to the product of state level ambient concentrations times state 
populations, assuming uniform population density within a state, assuming linear 
relationship between dose and risk of impact.  Damages from impacts on forest 
and agricultural productivity are related in part to the scale of sensitive 
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agricultural and forest output per state.  In the present version of TRACI, human 
health impacts are addressed, scaling the state level concentration outcomes by 
state population before aggregating across states.  The TRACI method for 
photochemical oxidant formation is described in more detail in the companion 
paper (Norris 2002). 
 
Units of Smog Formation Results: kg NOx equivalents/kg emission 
 
References 
 

Cardelino, C. A. and W. L. Chameides. 1995. An observation-based model for analyzing 
ozone precursor relationships in the urban atmosphere. Journal of the Air and Waste 
Management Association 45: 161–180. 
 
Carter, W. 1994. Development of ozone reactivity scales for volatile organic compounds. 
Journal of the Air and Waste Management Association 44:881–899. 
 
Carter, W. 2000. Updated maximum incremental reactivity scale for regulatory 
applications. Sacramento, CA: California Air Resources Board. 
 
Chameides, W. L. and E. B. Cowling, eds. 1995. The state of the southern oxidants study: 
Policy relevant findings in ozone pollution research 1988 to 1994. Raleigh, NC: North 
Carolina State University. 
 
Kasibhatala, P., W. L. Chameides, R. D. Saylor, and D.Olerud. 1998. Relationships 
between regional ozone pollution and emissions of nitrogen oxides in the eastern United 
States. Journal of Geophysical Research 103(D17): 22663–22669. 
 
Norris, G. 2002. Impact characterization in the tool for the reduction and  
assessment of chemical and other environmental impacts: Methods for acidification, 
eutrophication, and ozone formation. Journal of Industrial Ecology 6(3-4): 83–105. 
 
NRC (National Research Council). 1991. Rethinking the ozone problem in urban and 
regional air pollution. Washington, DC: National Academy Press. 
 
Rabl, A. and N. Eyre. 1997. An estimate of regional and global O3 damage from 
precursor NOx and VOC emissions. Unpublished manuscript. Paris: Ecole des Mines. 
 
Seppälä, J. 1997. Decision analysis as a tool for life cycle impact assessment. Helsinki: 
Finnish Environment Institute. 
 
Shannon, J. D. 1991. Modeled sulfur deposition trends since 1900 in North America. In 
Air pollution modeling and its application, Vol. 8, edited by H. van Dop and G. Kallos. 
New York: Plenum. 
 
Shannon, J. D. 1992. Regional analysis of S emission deposition trends in North America 
from 1979 through 1988. In Air pollution modeling and its application, Vol. 9, edited by H. 
van Dop and G. Kallos. New York: Plenum. 
 
Shannon, J. D. 1996. Atmospheric pathways module. In Tracking and analysis framework 
(TAF) model documentation and user's guide: An interactive model for integrated 
assessment of Title IV of the Clean Air Act Amendments. ANL/DIS/TM-36. Argonne, IL: 
Argonne National Laboratory. 
 



90  

 

St. John, J. C., W. Chameides, and R. Saylor. 1998. The role of anthropogenic NOx and 
VOC as ozone precursors: A case study from the SOS Nashville/Middle Tennessee 
ozone study. Journal of Geophysical Research 103(D17): 22415–22423.  

 
Ozone Depletion Potential 
 

Ozone depletion potential is a measure of emissions that deplete stratospheric 
ozone, allowing harmful radiation to the earth's surface.  The emissions of CFCs 
and other refrigerants have largely been phased out due to the Montreal Protocol, 
but some persist.  
 
Human activities cause the emission of halogen source gases that contain 
chlorine and bromine atoms.  These emissions into the atmosphere ultimately 
lead to stratospheric ozone depletion. The source gases that contain only carbon, 
chlorine, and fluorine are called “chlorofluorocarbons,” usually abbreviated as 
CFCs. CFCs, along with carbon tetrachloride (CCl4) and methyl chloroform 
(CH3CCl3), historically have been the most important chlorine-containing gases 
that are emitted by human activities and destroy stratospheric ozone. These and 
other chlorine-containing gases have been used in many applications, including 
refrigeration, air conditioning, foam blowing, aerosol propellants, and cleaning of 
metals and electronic components.  
 
Since most ozone depleting compounds were phased out by the Montreal 
Protocol in 1987, the stratospheric ozone layer has been recovering and there 
are very few ozone depleting emissions. 
 
Units of Ozone Depletion Results: kg R11 equivalent/kg emission 
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Primary Energy Demand 
 

Primary energy demand is a direct measure of the energy (both renewable and 
nonrenewable) required to perform an activity or operate a process.  It is typically 
measured in units of mega joules (MJ).  
 
Primary energy demand is the quantity of energy directly withdrawn from the 
hydrosphere, atmosphere or geosphere or energy source without any 
anthropogenic change. For fossil fuels and uranium, this is the amount of 
resource withdrawn expressed in its energy equivalent (i.e. the energy content of 
the raw material). For renewable resources, the energy-characterized amount of 
biomass consumed is described. For hydropower, it is based on the amount of 
energy gained from the change in the potential energy of the water (i.e. from the 
height difference).  
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The energy content of the manufactured products will be considered as 
feedstock energy content. It will be characterized by the net calorific value of the 
product. It represents the still usable energy content.  As aggregated values, the 
following primary energies are designated: 
 
Total Primary Energy Demand 
 
The total primary energy demand includes primary energy demand from fossil 
and renewable resources. 
 
Non-Renewable Primary Energy Demand: The total Primary energy from non 
renewable resources, given in MJ, essentially characterizes the gain from the 
energy sources natural gas, crude oil, lignite, coal and uranium. Natural gas and 
crude oil will be used both for energy production and as material constituents e.g. 
in plastics. Coal will primarily be used for energy production. Uranium will only be 
used for electricity production in nuclear power stations. 
 
Renewable Primary Energy Demand: The total Primary energy from renewable 
resources, given in MJ, is generally accounted separately and comprises 
hydropower, wind power, solar energy and biomass. 
 
Resource Depletion 
 
Resource Depletion is the sum of the consumed non-renewable resources 
including lignite, natural gas, crude oil, hard coal and uranium and is measured in 
MJ. This quantity does not judge the value of these resources but rather reports 
the quantity depleted based on the energy consumed during the product's life 
cycle.  
 
Water Consumption 
 
Water Consumption is the sum of all water inputs to the life cycle. This quantity 
includes water required for production of raw materials, upstream datasets and 
manufacturing processes. However, this quantity does not include the fate of the 
process water consumed (for instance the capture the treatment of wastewater). 
Water quality or scarcity is not evaluated in this Indicator.  Water consumption is 
typically measured in units of volume (liters of water).  
 
Solid and Hazardous Waste 
 
Solid waste is reported based on the scrap generation during manufacture, use, 
and EOL.  Hazardous waste data in Life Cycle Inventories can be inconsistent 
due to different regulatory classifications of “Hazardous” around the world.  Due 
to inconsistencies in reporting and classification, this Impact Indicator should be 
used with caution and should not guide business decision-making.  Waste is 
typically measured in units of mass (kg). 
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APPENDIX C: U.S. CENSUS REGIONS & LCA MODEL POWER MIX 

GRIDS 

The following map from the Energy Information Administration details the 
Regions of the U.S. by state.  These regions align with the GaBi 4 Model Power 
Grid Mixes, which can be specified in the i-report for specific polyiso plant 
locations. 
 
 

 
Figure AC- 1 
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APPENDIX D: GABI LCA MODEL PROCESS FLOW 

The overall GaBi model showing mass flows for the baseline case of roof 
insulation with GRF facer at R15.3 per square foot of functional unit insulation 
installed is shown below.         
 
 
 
 

 

 

Figure AD- 1 

 
Note: The mass flow of 0.22062 kg polyiso insulation product exits the “US: Polyiso Insulation 
Packaging” process above and enters the “US: Truck-Trailer” transport process on the next page. 
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GaBi LCA Model Process Flow (continued): 
 
 
 

 
 

Figure AD- 2



95  

 

APPENDIX E: LCA RESULTS FOR ALL ENVIRONMENTAL 

IMPACT CATEGORIES & INDICATORS 

E-1: ROOF INSULATION RESULTS FOR R15.3, R20.4 AND R25.5 

 
The key input variables used in the model are given below in Figure E-1-1 for the i-
Report input.  These variables can be changed by the user so that the LCA model 
generates customized results, and the impacts of changing the key variables can be 
evaluated as well.    
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Figure AE-1- 1: Input Variables for Roof Insulation with GRF Facer for R15.3, 20.4 

and 25.5. 

 
For each environmental impact and indicator covered in this study, the results 
based on the values in Figure E-1-1 are categorized by major life cycle stage, 
raw materials, and polyiso manufacturing.    
 

AE-1-1 GLOBAL WARMING POTENTIAL 

GWP is a measure of greenhouse gas emissions, such as CO2 and methane. 
These emissions are causing an increase in the absorption of radiation emitted 
by the earth, magnifying the natural greenhouse effect. 

The mechanism of the greenhouse effect can be observed on a small scale, as 
the name suggests, in a greenhouse. These effects are also occurring on a 
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global scale.  Short-wave radiation from the sun comes into contact with the 
earth's surface and is partially absorbed (leading to direct warming) and partially 
reflected as infrared radiation. The reflected part is absorbed by so-called 
greenhouse gases in the troposphere and is re-radiated in all directions, 
including back to earth. This results in a warming effect at the earth's surface.  

In addition to the natural mechanism, the greenhouse effect is enhanced by 
human activities. Greenhouse gases that are considered to be caused, or 
increased, anthropogenically include carbon dioxide, methane and CFCs.  A 
weighted sum of these greenhouse gas emissions is used to calculate global 
warming potential, also referred to as a carbon footprint. 

 

 
Figure AE-1- 2: Global Warming Potential associated with each insulation scenario 

 
 

Table AE-1- 1: Global Warming of Polyiso Life Cycle [kg CO2-eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 0.80 1.02 1.38 

  1. Raw Materials 0.52 0.67 0.90 

  2. Transport of Raw Materials 3.75E-02 4.76E-02 6.48E-02 

  3. Polyiso Manufacturing 4.43E-02 5.86E-02 7.42E-02 

  4. Installation 3.63E-02 4.72E-02 5.97E-02 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0.16 0.20 0.28 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-1- 3: Global Warming Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-1- 2: Global Warming of Raw Materials only [kg CO2-eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 0.27 0.35 0.45 

Polyol 0.10 0.14 0.17 

GRF Facer 8.03E-02 8.03E-02 0.16 

Foil Facer NA NA NA 

TCPP 3.78E-02 5.02E-02 6.33E-02 

Surfactant * * * 

Pentane 2.68E-02 3.56E-02 4.49E-02 

Catalyst K-15 7.05E-03 9.35E-03 1.18E-02 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 9.06E-04 6.84E-04 5.42E-04 

Water 9.23E-09 1.22E-08 1.54E-08 

 *Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-1- 4: Global Warming Potential associated with the manufacture of polyiso 

insulation  

 

 
Table AE-1- 3: Global Warming of Manufacturing stage only [kg CO2-eq per Square Foot 

Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 2.39E-02 3.18E-02 4.01E-02 

Natural Gas 1.73E-02 2.29E-02 2.89E-02 

Propane 7.20E-04 9.54E-04 1.20E-03 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions 7.27E-04 9.63E-04 1.22E-03 

Transport - Manuf Waste 4.92E-05 6.18E-05 8.59E-05 

Manufacturing Waste in Landfill 1.54E-03 1.93E-03 2.68E-03 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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AE-1-2 ACIDIFICATION POTENTIAL 

Air acidification potential (AP) is a measure of emissions that cause acidifying 
effects to the environment.  The acidification potential is assigned by relating the 
existing S-, N-, and halogen atoms to the molecular weight.  The acidification of 
soils and waters occurs predominantly through the transformation of air 
pollutants into acids. This leads to a decrease in the pH-value of rainwater and 
fog from 5.6 to 4 and below. Sulfur dioxide and nitrogen oxide and their 
respective acids (H2SO4 and HNO3) produce relevant contributions. This 
damages ecosystems, whereby forest dieback is the most well-known impact. 
Acidification has direct and indirect damaging effects (such as nutrients being 
washed out of soils or an increased solubility of metals into soils). Buildings and 
building materials can be damaged. 
 
Examples include metals and natural stones which are corroded or disintegrated 
at an increased rate. When analyzing acidification, it should be considered that 
although it is a global problem, the regional effects of acidification can vary.  The 
Acidification calculations in this model are based on the US EPA's TRACI 
methodology, which considers the effects of acidification on the US. 

 

Figure AE-1- 5: Acidification Potential associated with each insulation scenario 
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Table AE-1- 4: Acidification Potential of Polyiso Life Cycle [mol H+ eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 0.12 0.15 0.21 

  1. Raw Materials 9.07E-02 0.12 0.16 

  2. Transport of Raw Materials 1.52E-02 2.00E-02 2.55E-02 

  3. Polyiso Manufacturing 7.42E-03 9.83E-03 1.24E-02 

  4. Installation 2.23E-03 2.79E-03 3.43E-03 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 4.44E-03 5.58E-03 7.72E-03 

 

Note: 

As expected, raw materials make up most (75%) of the AP associated with the 
polyiso life cycle. Another 12% comes from polyiso manufacturing, thus totaling 
87% for these two stages alone.  The energy for manufacturing processes 
generate emissions of sulfur dioxide and nitrogen oxides associated with 
electricity generation at power plants, thereby contributing predominantly to AP in 
the polyiso life cycle. 

 
 
 
 

 
 

Figure AE-1- 6: Acidification Potential associated with the raw materials used to manufacture 
polyiso insulation 

 
 
 
 
 
 



102  

 

Table AE-1- 5: Acidification Potential of Raw Materials only [mol H+ eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 4.38E-02 5.81E-02 7.33E-02 

Polyol 1.96E-02 2.60E-02 3.28E-02 

GRF Facer 1.47E-02 1.47E-02 2.95E-02 

Foil Facer NA NA NA 

TCPP 6.17E-03 8.18E-03 1.03E-02 

Surfactant *   

Pentane 4.71E-03 6.25E-03 7.89E-03 

Catalyst K-15 1.50E-03 1.99E-03 2.52E-03 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 1.95E-04 1.47E-04 1.17E-04 

Water 7.75E-10 1.03E-09 1.30E-09 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 

As expected, the key foam components in the raw materials make up most (86%) 
of the AP associated with the raw materials, i.e. MDI (48%), polyol (22%) and 
facer (16%). The energy associated with these manufacturing processes 
generate emissions of sulfur dioxide and nitrogen oxides due to electricity 
generation at power plants, thereby contributing predominantly to AP.  Roof 
applications like use GRF facer and hence foil facer is not applicable.  The 
polyethylene wrap decreases with increasing thickness since the model assumes 
that less wrap is needed for thicker insulation versus thinner pieces being 
individually wrapped, although the value would be about the same in cases when 
thinner pieces are  bundled.   
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Figure AE-1- 7: Acidification Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 6: Acidification Potential of Manufacturing stage only [mol H+ eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 5.85E-03 1.17E-03 1.36E-02 

Natural Gas 1.43E-03 2.85E-03 3.32E-03 

Propane 9.97E-05 1.99E-04 2.32E-04 

Thermal Oxidizer    

Manufacturing Emissions    

Transport - Manuf Waste 2.59E-06 5.18E-06 5.84E-06 

Manufacturing Waste in Landfill 4.19E-05 8.37E-05 9.44E-05 

 
Note: 
As expected, electricity required for polyiso manufacturing contributes to almost 
90% of the AP, as emissions of sulfur dioxide and nitrogen oxides result from 
electricity generation at power plants. Most of the remaining AP, or about 10%, 
results from sulfur dioxide and nitrogen oxides due to natural gas combustion.   
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AE-1-3 EUTROPHICATION POTENTIAL 

Eutrophication Potential (EP) is excessive nutrient input into water and land from 
substances such as phosphorus and nitrogen from agriculture, combustion 
processes and effluents.  Eutrophication is caused by excessive nutrient inputs, 
and can be aquatic or terrestrial. Air pollutants, waste water and fertilization in 
agriculture all contribute to eutrophication. The result in water is an accelerated 
algae growth, which in turn, prevents sunlight from reaching the lower depths. 
This leads to a decrease in photosynthesis and less oxygen production. In 
addition, oxygen is needed for the decomposition of dead algae. Both effects 
cause a decreased oxygen concentration in the water, which can eventually lead 
to fish dying and to anaerobic decomposition (decomposition in the absence of 
oxygen). Hydrogen sulfide and methane are thereby produced. This can lead to 
the destruction of the eco-system. On eutrophied soils, an increased 
susceptibility of plants to diseases and pests is often observed, as is a 
degradation of plant stability. If the eutrophication level exceeds the amounts of 
nitrogen necessary for a maximum harvest, it can lead to an enrichment of nitrate. 
This can cause, by means of leaching, increased nitrate content in groundwater. 
Nitrate also ends up in drinking water and can cause methemoglobinemia or 
“blue baby syndrome”. 
 
 
 
 

 
Figure AE-1- 8: Eutrophication Potential associated with each insulation scenario 
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Table AE-1- 7: Eutrophication Potential of Polyiso Life Cycle [kg N eq per Square Foot 

Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 2.75E-04 3.50E-04 4.73E-04 

  1. Raw Materials 1.06E-04 1.38E-04 1.80E-04 

  2. Transport of Raw Materials 1.50E-05 1.98E-05 2.52E-05 

  3. Polyiso Manufacturing 5.00E-06 6.53E-06 8.48E-06 

  4. Installation 4.59E-06 5.69E-06 7.52E-06 

  5. Use Phase NA   

  6. Disposal / EOL 1.44E-04 1.81E-04 2.52E-04 

 

 
Note: 
Two life cycle stages contribute predominantly to EP making up 94% of the total, 
i.e. disposal/EOL (54%) and raw materials (39%).  In the case of the modeled 
landfill operations, most EP is from emissions of inorganics to fresh water 
(leachate), releasing a variety of species that cause EP.  Predominant among 
these species are ammonium and phosphorus in this model.  Regarding EP from 
raw materials, the major EP contributors are discussed in the following section.          

 
 
 
 
 

 
Figure AE-1- 9: Eutrophication Potential associated with the raw materials used to 

manufacture polyiso insulation 
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Table AE-1- 8: Eutrophication Potential of Raw Materials only [kg N eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 4.10E-05 5.44E-05 6.87E-05 

Polyol 3.60E-05 4.78E-05 6.03E-05 

GRF Facer 9.28E-06 9.28E-06 1.86E-05 

Foil Facer NA NA NA 

TCPP 1.61E-05 2.14E-05 2.7E-05 

Surfactant * * * 

Pentane 2.34E-06 3.10E-06 3.92E-06 

Catalyst K-15 1.09E-06 1.45E-06 1.83E-06 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 9.67E-08 7.29E-08 5.77E-08 

Water 8.98E-13 1.19E-12 1.50E-12 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 

EP comes from three raw materials that make up most (88%) of the EP as a 
percentage of raw materials contribution, i.e. MDI (39%), polyol (34%) and TCPP 
(15%).  EP from MDI comes both from emissions to air (ammonia, nitrogen 
oxides etc) as well as emissions to water (Chemical Oxygen Demand or COD, 
ammonia, nitrate, phosphate etc).   EP from polyol results from both air and 
water emissions but the major amount is associated with wastewater (COD, 
nitrates, ammonia, phosphate etc). The majority of EP related to TCPP 
production is associated with COD in wastewater effluent.  Also, the amount of 
EP contributed by the GRF facer ranges from 8 to 10%, resulting from both 
emissions to air (e.g. nitrogen oxides) and emissions to wastewater (e.g. BOD).            
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Figure AE-1- 10: Eutrophication Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 9: Eutrophication Potential of Manufacturing stage only [kg N eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 2.33E-06 3.09E-06 3.91E-06 

Natural Gas 1.16E-06 1.54E-06 1.94E-06 

Propane 6.65E-08 8.82E-08 1.11E-07 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 1.84E-09 2.31E-09 3.21E-09 

Manufacturing Waste in Landfill 1.44E-06 1.81E-06 2.51E-06 

 
 

Note: 
Nearly 99% of the EP is from electricity/natural gas for manufacturing and landfill 
disposal of scrap.  Electricity required for polyiso manufacturing contributes to 66% 
of the EP, mostly as a result of emissions to air from electric power generation 
and associated nitrogen oxides.  Natural gas required for polyiso manufacturing 
contributes another 15% of the EP, mostly as a result of emissions to air from 
combustion and associated nitrogen oxides.  Approximately 18% of the EP 
results from landfill operations as previously explained above.     
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AE-1-4 SMOG CREATION POTENTIAL 

Smog Creation Potential (SCP) is a measure of emissions of precursors that 
contribute to low level smog, produced by the reaction of nitrogen oxides and 
volatile organic compounds (VOCs) under the influence of UV light. Despite 
playing a protective role in the stratosphere, at ground-level, ozone is classified 
as a damaging trace gas.  
 
Photochemical ozone production in the troposphere, also known as summer 
smog, is suspected to damage vegetation and material. High concentrations of 
ozone are toxic to humans. Radiation from the sun and the presence of nitrogen 
oxides and hydrocarbons incur complex chemical reactions, producing 
aggressive reaction products, one of which is ozone. Nitrogen oxides (NOx) alone 
do not cause high ozone concentration levels.  
 

Hydrocarbon emissions occur from incomplete combustion, in conjunction with 
gasoline (storage, turnover, refueling etc.) or from solvents. High concentrations 
of ozone arise when the temperature is high, humidity is low, when air is 
relatively static and when there are high concentrations of hydrocarbons. Today it 
is assumed that the existence of NOx and CO reduce the accumulated ozone to 
NO2, CO2 and O2.  This means that high concentrations of ozone do not often 
occur near hydrocarbon emission sources. Higher ozone concentrations more 
commonly arise in areas of clean air, such as forests, where there is less NOx 
and CO.  When analyzing, it's important to remember that the actual ozone 
concentration is strongly influenced by the weather and other local conditions. 

 

 
Figure AE-1- 11: Smog Creation Potential associated with each insulation scenario  
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Table AE-1- 10: Smog Creation Potential of Polyiso Life Cycle [kg NOx eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 6.38E-06 8.41E-06 1.07E-05 

  1. Raw Materials 8.72E-07 1.11E-06 1.50E-06 

  2. Transport of Raw Materials 3.37E-07 4.46E-07 5.66E-07 

  3. Polyiso Manufacturing 1.81E-07 2.40E-07 3.03E-07 

  4. Installation 3.11E-08 3.96E-08 4.90E-08 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 4.96E-06 6.57E-06 8.31E-06 

 
 
 
 
Note: 
SCP results mainly from the Disposal/EOL phase, which contributes almost 80% 
of the total life cycle SCP, as the model assumes that 50% of the pentane left in 
the polyiso boards after manufacture is eventually released to the environment, 
and this released is allocated to the EOL stage.  Nearly all of the SCP from the 
landfill stage results from the pentane, which is a VOC that causes smog creation.  
The only other stage with a significant SCP contribution is raw materials 
manufacturing, which contributes almost 15% to the SCP in the polyiso life cycle.  
The SCP from manufacturing mostly results from emissions to air such as 
nitrogen oxides associated with combustion/power generation, with a minimal 
contribution from VOCs.    
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Figure AE-1- 12: Smog Creation Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 
 

Table AE-1- 11: Smog Creation Potential of Raw Materials only [kg NOx eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 4.36E-07 5.78E-07 7.29E-07 

Polyol 1.89E-07 2.51E-07 3.17E-07 

GRF Facer 1.29E-07 1.29E-07 2.58E-07 

Foil Facer NA NA NA 

TCPP 6.39E-08 8.47E-08 1.07E-07 

Surfactant * * * 

Pentane 3.91E-08 5.18E-08 6.54E-08 

Catalyst K-15 1.36E-08 1.80E-08 2.27E-08 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 1.57E-09 1.18E-09 9.35E-10 

Water 9.79E-15 1.30E-14 1.64E-14 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 

Regarding raw materials, SCP comes from four raw materials that make up most 
(94%) of the SCP as a percentage of raw materials contribution, i.e. MDI (50%), 
polyol (22%), facer (15%) and TCPP (7%).  The SCP from manufacturing of 
these materials mostly results from emissions to air such as nitrogen dioxide 
associated with combustion/power generation.   
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Figure AE-1- 13: Smog Creation Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 12: Smog Creation Potential of Manufacturing stage only [kg NOx eq per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 3.77E-08 5.00E-08 6.32E-08 

Natural Gas 2.40E-08 3.18E-08 4.02E-08 

Propane 1.39E-09 1.85E-09 2.33E-09 

Thermal Oxidizer (T.O.) 1.17E-07 1.55E-07 1.95E-07 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 3.69E-11 4.63E-11 6.44E-11 

Manufacturing Waste in Landfill 9.46E-010 1.19E-09 1.65E-09 

 
Note: 
In the polyiso plant, approximately 98% of the SCP is pentane emissions lost in 
manufacturing (47%), and from electricity (41%) and natural gas (10%) for 
manufacturing.  Electricity required for polyiso manufacturing generates SCP 
causing emissions to air mainly from electric power generation and associated 
nitrogen dioxide.  Natural gas required for polyiso manufacturing contributes to 
SCP as a result of emissions to air from combustion and associated nitrogen 
oxides.  The majority of SCP from polyiso manufacturing results from the 2.5% of 
pentane (a VOC that causes SCP) that escapes from the laminator during mixing  
and this is shown as “Thermal Oxidizer” in the table above, even though the 
Thermal Oxidizer is not assumed in the baseline case shown, the SCP are 
categorized in this line.  In cases where the Thermal Oxidizer option is used, 
emissions (adjusted for stoichiometric ratio) generating SCP would instead 
appear as GWP under that impact category as a result of pentane combustion.        
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AE-1-5 OZONE DEPLETION POTENTIAL 

Ozone depletion potential (ODP) is a measure of emissions that deplete 
stratospheric ozone, allowing harmful radiation to the earth's surface.  The 
emissions of CFCs and other refrigerants have largely been phased out due to 
the Montreal Protocol, but some persist.  

Human activities cause the emission of halogen source gases that contain 
chlorine and bromine atoms.  These emissions into the atmosphere ultimately 
lead to stratospheric ozone depletion. The source gases that contain only carbon, 
chlorine, and fluorine are called “chlorofluorocarbons,” usually abbreviated as 
CFCs. CFCs, along with carbon tetrachloride (CCl4) and methyl chloroform 
(CH3CCl3), historically have been the most important chlorine-containing gases 
that are emitted by human activities and destroy stratospheric ozone. These and 
other chlorine-containing gases have been used in many applications, including 
refrigeration, air conditioning, foam blowing, aerosol propellants, and cleaning of 
metals and electronic components.  

Since most ozone depleting compounds were phased out by the Montreal 
Protocol in 1987, the stratospheric ozone layer has been recovering and there 
are very few ozone depleting emissions. 
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Figure AE-1- 14: Ozone Depletion Potential associated with each insulation scenario 

 
 
 

Table AE-1- 13: Ozone Depletion Potential [kg CFC-11 eq per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 7.27E-07 9.63E-07 1.22E-06 

  1. Raw Materials 7.25E-07 9.60E-07 1.22E-06 

  2. Transport of Raw Materials 8.46E-11 1.07E-10 1.46E-10 

  3. Polyiso Manufacturing 1.047E-09 1.39E-09 1.75E-09 

  4. Installation 1.10E-10 1.35E-10 1.65E-10 

  5. Use Phase    

  6. Disposal / EOL 5.61E-10 7.05E-10 9.78E-10 

 
 
Note: 
Over 99% of the ODP in the polyiso life cycle results from the cradle to gate raw 
materials manufacturing, and is discussed in the next section for the specific raw 
material.     
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Figure AE-1- 15: Ozone Depletion Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-1- 14: Ozone Depletion Potential of Raw Materials only [kg CFC-11 eq per Square 
Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 7.15E-07 9.48E-07 1.20E-06 

Polyol 4.14E-09 5.49E-09 6.94E-09 

GRF Facer 3.50E-09 3.50E-09 6.99E-09 

Foil Facer NA NA NA 

TCPP 1.89E-09 2.50E-09 3.16E-09 

Surfactant * * * 

Pentane 2.77E-10 3.67E-10 4.63E-10 

Catalyst K-15 3.47E-10 4.61E-10 5.81E-10 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 4.53E-11 3.42E-11 2.71E-11 

Water 5.08E-16 6.74E-16 8.50E-16 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 

Regarding raw materials, ODP comes from one raw material, MDI,  that makes 
up most (98%) of the ODP as a percentage of raw materials contribution.  The 
ODP from MDI manufacturing results almost entirely from carbon tetrachloride 
emissions to air, with trace amounts related to other CFCs   
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Figure AE-1- 16: Ozone Depletion Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 15: Ozone Depletion Potential of Manufacturing stage only [kg CFC-11 eq per Square 
Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 8.86E-10 1.17E-09 1.48E-09 

Natural Gas 1.47E-10 1.94E-10 2.45E-10 

Propane 8.77E-12 1.16E-11 1.47E-11 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 1.10E-13 1.38E-13 1.92E-13 

Manufacturing Waste in Landfill 5.50E-12 6.91E-12 9.61E-12 

 
Note: 
In the polyiso plant, more than 95% of the ODP is associated with electricity for 
manufacturing operations.  Electricity required for polyiso manufacturing 
generates ODP causing emissions to air from electric power generation, which 
results mostly from emissions of trichlorofluoromethane (CFC-11) and 
dichlorotetrafluoroethane (CFC-114).  As seen in the table above, these 
emissions are present at trace levels.      
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AE-1-6 PRIMARY ENERGY DEMAND 

Primary energy demand (PED) is a measure of the total amount of primary 
energy associated with the product.  This is a measure of both the “feedstock 
energy” within the product (energy which would be released upon combustion) 
plus all other energy used during the product lifecycle. PED can be expressed in 
energy demand from non-renewable resources (e.g. petroleum, natural gas, etc.) 
and energy demand from renewable resources (e.g. hydropower, wind energy, 
solar, etc.).  Efficiencies in energy conversion (e.g. power, heat, steam, etc.) are 
taken into account.  From an environmental standpoint, the energy demand for 
non-renewable resources is more important than the total primary energy 
demand, which includes renewable resources. The values presented represent 
the net caloric (lower heating) value. 

 

AE-1-6-1 Total Primary Energy Demand 

   
Figure AE-1- 17: Total Primary Energy Demand associated with each insulation 

scenario. 

 
Table AE-1- 16: Total PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 13.08 16.88 22.12 

  1. Raw Materials 10.99 14.22 18.71 

  2. Transport of Raw Materials 0.54 0.68 0.93 

  3. Polyiso Manufacturing 0.66 0.88 1.11 

  4. Installation 0.62 0.77 0.93 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0.26 0.33 0.45 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-1- 18: Total PED associated with the Raw Materials used to manufacture 

polyiso 

 
 

Table AE-1- 17: Total PED of Raw Materials only [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 5.54 7.35 9.28 

Polyol 2.65 3.51 4.43 

GRF Facer 1.03 1.03 2.06 

Foil Facer NA NA NA 

TCPP 0.53 0.71 0.89 

Surfactant * * * 

Pentane 1.04 1.38 1.74 

Catalyst K-15 0.17 0.23 0.29 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 2.74E-02 2.07E-02 1.64E-02 

Water 1.33E-07 1.76E-07 2.22E-07 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-1- 19: Total Primary Energy Demand associated with the manufacture of polyiso 

insulation 

 

 
Table AE-1- 18: Total PED of Manufacturing stage only [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 0.37 0.49 0.62 

Natural Gas 0.27 0.36 0.45 

Propane 2.23E-02 2.96E-02 3.73E-02 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 6.99E-04 8.77E-04 1.22E-03 

Manufacturing Waste in Landfill 1.93E-03 2.43E-03 3.38E-03 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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AE-1-6-2 Non-Renewable Primary Energy Demand 

 
Figure AE-1- 20: Non-renewable Primary Energy Demand associated with each insulation 

scenario 

 
 

Table AE-1- 19: Non-Renewable PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 12.86 16.61 21.76 

  1. Raw Materials 10.81 14.00 18.40 

  2. Transport of Raw Materials 0.54 0.68 0.92 

  3. Polyiso Manufacturing 0.64 0.85 1.07 

  4. Installation 0.62 0.77 0.93 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0.25 0.32 0.44 

 
Note: 
Since more than 98% of the PED is from on-renewable sources (crude oil, coal, 
natural gas etc), this impact has been discussed previously in the main body of 
this report under total PED. 
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AE-1-6-3 Renewable Primary Energy Demand 

 
Figure AE-1- 21: Renewable Primary Energy Demand associated with each insulation 

scenario 

 
 

Table AE-1- 20: Renewable PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 0.21 0.27 0.36 

  1. Raw Materials 0.18 0.23 0.31 

  2. Transport of Raw Materials 7.77E-04 9.86E-04 1.34E-03 

  3. Polyiso Manufacturing 2.37E-02 3.14E-02 3.97E-02 

  4. Installation 1.04E-03 1.28E-03 1.57E-03 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 6.69E-03 8.40E-03 1.17E-02 

 
 

Note: 
Over 90% of the renewable PED is associated with raw materials.  Major raw 
materials such as MDI, polyol and facer have some minor amounts of renewable 
energy use (such as hydropower and solar energy) as part of their overall energy 
mix associated with their cradle-to-gate raw materials production. 
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AE-1-7 RESOURCE DEPLETION 

Resource Depletion is the sum of the consumed non-renewable resources 
including lignite, natural gas, crude oil, hard coal and uranium and is measured in 
MJ. This quantity does not judge the value of these resources but rather reports 
the quantity depleted based on the energy consumed during the product's life 
cycle.  
 

 

        Baseline Roof R15.3       Roof R20.4       Roof R25.5 

Figure AE-1- 22: Resource depletion associated with the manufacture of polyiso 
insulation 

 
 

Table AE-1- 21: Resource Depletion of Polyiso Insulation Life Cycle [MJ per Square 
Foot Polyiso]  

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Crude oil (resource) 5.92 7.70 9.87 

Hard coal (resource) 1.53 1.95 2.62 

Lignite (resource) 0.14 0.17 0.24 

Natural gas (resource) 4.51 5.81 7.70 

Uranium (resource) 0.77 0.98 1.32 
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AE-1-8 WATER CONSUMPTION 

Water Consumption is the sum of all water inputs to the life cycle. This quantity 
includes water required for production of raw materials, upstream datasets and 
manufacturing processes. However, this quantity does not include the fate of the 
process water consumed (for instance the capture the treatment of wastewater). 
Water consumption is typically measured in units of volume (liters of water).  

 
Figure AE-1- 23: Water Consumption associated with each insulation scenario 

 
 

Table AE-1- 22: Water Consumption during Polyiso Insulation Life Cycle [Liters per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 1.89 2.41 3.25 

  1. Raw Materials 1.52 1.92 2.62 

  2. Transport of Raw Materials 1.24E-02 1.58E-02 2.15E-02 

  3. Polyiso Manufacturing 0.21 0.28 0.35 

  4. Installation 1.72E-02 2.12E-02 2.61E-02 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0.13 0.17 0.23 

 
Note: 
99% of the water consumed is from raw materials (77%) as expected due to 
processing and energy generation (cooling water for reactors, heat exchangers 
etc), polyiso manufacturing (15%) as a result of water used in electricity 
generation at power plants (boiler feed water, cooling water etc) and for landfill 
operations (7%). Raw materials are discussed in the following section.  
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Figure AE-1- 24: Water Consumption of Raw Materials only [Liters per Square Foot 

Polyiso] 

 
 

Table AE-1- 23: Total Water Consumption of Raw Materials only [L per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 0.74 0.99 1.24 

Polyol 0.31 0.41 0.52 

GRF Facer 0.26 0.26 0.52 

Foil Facer NA NA NA 

TCPP 0.14 0.18 0.23 

Surfactant * * * 

Pentane 3.36E-02 4.45E-02 5.62E-02 

Catalyst K-15 2.65E-02 3.51E-02 4.43E-02 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 3.53E-03 2.66E-03 2.11E-03 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 
 
The major raw materials shown above consume water for energy generation as 
well as processing at the plants from cradle-to-gate, where MDI consumes 49%, 
polyol 21%, facer 17%,TCPP 9% and pentane 2%, totaling 98% for these raw 
materials.   
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Figure AE-1- 25: Total Water Consumption associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 24: Total Water Consumption of Manufacturing stage only [L per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity 0.19 0.26 0.32 

Natural Gas 1.39E-02 1.84E-02 2.33E-02 

Propane 8.76E-04 1.16E-03 1.47E-03 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions 1.74E-04 2.31E-04 2.91E-04 

Transport - Manuf Waste 1.62E-05 2.04E-05 2.83E-05 

Manufacturing Waste in Landfill 1.31E-03 1.65E-03 2.29E-03 

 
Note: 
The major source of water consumption in polyiso manufacturing is associated 
with electricity generation at power plants, as this amount is almost 95% of the 
total water consumed.  This is expected, as the other processes and polyiso 
gate-to-gate operations are not water intensive, e.g. wastewater plants, cooling 
water, boilers  etc are not part of polyiso plant unit operations.  



125  

 

AE-1-9 SOLID AND HAZARDOUS WASTE 
 
In general, solid and hazardous waste disposed during the life cycle of a product 
is the sum of all waste outputs. This quantity includes hazardous and non-
hazardous wastes and does not capture end of life of the waste generated. 
Waste is typically measured in units of mass (kg).  
 
In this model, solid waste is reported based on the scrap generation during 
manufacture, use, and EOL of the polyiso foam - (Gate to Grave).  Hazardous 
waste data in Life Cycle Inventories can be inconsistent due to different 
regulatory/legal classifications of “Hazardous” around the world.  Due to 
inconsistencies in reporting and classification, this Impact Indicator should be 
used with caution and should not guide business decision-making. 
 

 

 
Figure AE-1- 26: Solid waste generated associated with each insulation scenario 

 
 

Table AE-1- 25: Solid Waste Generated in the Polyiso Life Cycle [kg per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 0.23 0.29 0.40 

  1. Raw Materials 5.24E-04 6.95E-04 8.77E-04 

  2. Transport of Raw Materials NA NA NA 

  3. Polyiso Manufacturing 2.23E-03 2.80E-03 3.89E-03 

  4. Installation 4.85E-03 5.93E-03 8.12E-03 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0.22 0.28 0.3.89 
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Figure AE-1- 27: Solid waste generated associated with the raw materials used to 

manufacture polyiso insulation 

 
 
 
 

Table AE-1- 26: Solid waste generated from Raw Materials only [kg per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI NA NA NA 

Polyol 5.24E-04 6.95E-04 8.77E-04 

GRF Facer NA NA NA 

Foil Facer NA NA NA 

TCPP NA NA NA 

Surfactant * * * 

Pentane NA NA NA 

Catalyst K-15 NA NA NA 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film NA NA NA 

Water NA NA NA 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
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Figure AE-1- 28: Solid waste generated associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 27: Solid waste generated from the Manufacturing stage only [kg CO2-eq per Square 
Foot Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Electricity NA NA NA 

Natural Gas NA NA NA 

Propane NA NA NA 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste NA NA NA 

Manufacturing Waste in Landfill 2.23E-03 2.80E-03 3.89E-3 
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Figure AE-1- 29: Hazardous waste generated associated with each insulation scenario 

 
 

Table AE-1- 28: Hazardous Waste Generated in the Polyiso Life Cycle [kg per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

Total 1.55E-04 1.57E-04 3.05E-04 

  1. Raw Materials 1.55E-04 1.57E-04 3.05E-04 

  2. Transport of Raw Materials NA NA NA 

  3. Polyiso Manufacturing NA NA NA 

  4. Installation NA NA NA 

  5. Use Phase NA NA NA 

  6. Disposal / EOL NA NA NA 
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Figure AE-1- 30: Hazardous waste generated associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-1- 29: Hazardous waste generated from Raw Materials only [kg per Square Foot 
Polyiso] 

 Baseline Roof R15.3 Roof R20.4 Roof R25.5 

MDI 2.70E-06 3.58E-06 4.52E-06 

Polyol 3.39E-06 4.49E-06 5.67E-06 

GRF Facer 1.46E-04 1.46E-04 2.93E-04 

Foil Facer NA NA NA 

TCPP 4.86E-07 6.44E-07 8.13E-07 

Surfactant * * * 

Pentane NA NA NA 

Catalyst K-15 8.3347E-008 1.1052E-007 1.3952E-007 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 2.35E-06 1.77E-06 1.40E-06 

Water NA NA NA 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
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Figure AE-1- 31: Hazardous waste generated associated with the manufacture of polyiso 

insulation 

 
 

Table AE-1- 30: Hazardous waste generated from the Manufacturing stage only [kg CO2-eq 
per Square Foot Polyiso] 

 
Baseline Roof 

R15.3 
Roof R20.4 Roof R25.5 

Electricity NA NA NA 

Natural Gas NA NA NA 

Propane NA NA NA 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste NA NA NA 

Manufacturing Waste in Landfill 0 0 0 
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E-2: WALL INSULATION RESULTS FOR R4.9 (BASELINE), R9.8 AND R14.6 

 
The key input variables used in the model are given below in Figure E-2-1 for the 
i-Report input.  These variables can be changed by the user so that the LCA 
model generates customized results, and the impacts of changing the key 
variables can be evaluated as well.    
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Figure AE-2- 1 Input Variables for Wall Insulation with Foil Facer for R4.9, R9.8 and R14.6 

 

For each environmental impact and indicator covered in this study, the results 
based on the values in Figure E-2-1 are categorized by major life cycle stage, 
raw materials, and polyiso manufacturing.    
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AE-2-1 GLOBAL WARMING POTENTIAL 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  
 
 
 

 
Figure AE-2- 2: Global Warming Potential associated with each insulation scenario 

 
 
 
 
Table AE-2- 1: Global Warming of Polyiso Life Cycle [kg CO2-eq per Square Foot 
Polyiso]  

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 0.34 0.54 0.73 

  1. Raw Materials 0.24 0.38 0.50 

  2. Transport of Raw Materials 1.23E-02 2.20E-02 3.07E-02 

  3. Polyiso Manufacturing 1.35E-02 2.70E-02 4.03E-02 

  4. Installation 1.30E-02 2.29E-02 3.30E-02 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 5.21E-02 9.13E-02 0.13 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-2- 3: Global Warming Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-2- 2: Global Warming of Raw Materials only [kg CO2-eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 8.03E-02 0.16 0.23 

Polyol 3.58E-02 7.16E-02 0.10 

GRF Facer NA NA NA 

Foil Facer 0.10 .10 0.10 

TCPP 1.19E-02 2.38E-02 3.43E-02 

Surfactant * * * 

Pentane 7.87E-03 1.58E-02 2.43E-02 

Catalyst K-15 2.22E-03 4.44E-03 6.39E-03 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 2.97E-03 1.48E-03 9.89E-04 

Water 2.90E-09 5.80E-09 8.36E-09 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-2- 4: Global Warming Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 3: Global Warming of Manufacturing stage only [kg CO2-eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 7.30E-03 1.46E-02 2.19E-02 

Natural Gas 5.27E-03 1.06E-02 1.58E-02 

Propane 2.19E-04 4.39E-04 6.59E-04 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions 2.28E-04 4.57E-04 6.58E-04 

Transport - Manuf Waste 1.62E-05 2.83E-05 3.90E-05 

Manufacturing Waste in Landfill 5.06E-04 8.84E-04 1.22E-03 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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AE-2-2 ACIDIFICATION POTENTIAL 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  
 

 
Figure AE-2- 5: Acidification Potential associated with each insulation scenario 

 
 

Table AE-2- 4: Acidification Potential of Polyiso Life Cycle [mol H+ eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 6.21E-02 9.40E-02 0.12 

  1. Raw Materials 5.26E-02 7.60E-02 9.67E-02 

  2. Transport of Raw Materials 4.78E-03 9.43E-03 1.35E-.02 

  3. Polyiso Manufacturing 2.26E-03 4.53E-03 6.79E-03 

  4. Installation 1.01E-03 1.54E-03 2.06E-03 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 1.46E-03 2.56E-03 3.55E-03 

 
Note: 
The trends are similar to those previously discussed for the roof application.  



137  

 

 
Figure AE-2- 6: Acidification Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-2- 5: Acidification Potential of Raw Materials only [mol H+ eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 1.31E-02 2.63E-02 3.77E-02 

Polyol 6.76E-03 1.35E-02 1.94E-02 

GRF Facer NA NA NA 

Foil Facer 2.82E-02 2.82E-02 2.82E-02 

TCPP 1.94E-03 3.88E-03 5.59E-03 

Surfactant * * * 

Pentane 1.38E-03 2.77E-03 4.27E-03 

Catalyst K-15 4.72E-04 9.46E-03 1.36E-03 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 6.40E-04 3.19E-04 2.13E-04 

Water 2.43E-10 4.87E-10 7.02E-10 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 

 
Note: 
The trends are similar to those previously discussed for the roof application. 
However, the contribution made by the foil facer is more significant compared to 
the GRF facer for the roofing application. 
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Figure AE-2- 7: Acidification Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 6: Acidification Potential of Manufacturing stage only [mol H+ eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 1.78E-03 3.57E-03 5.36E-03 

Natural Gas 4.35E-04 8.70E-04 1.31E-03 

Propane 3.04E-05 6.09E-05 9.14E-05 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 8.53E-07 1.49E-06 2.05E-06 

Manufacturing Waste in Landfill 1.38E-05 2.41E-05 3.32E-05 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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AE-2-3 EUTROPHICATION POTENTIAL 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  

 

 
Figure AE-2- 8: Eutrophication Potential associated with each insulation scenario 

 
 
 
 

Table AE-2- 7: Eutrophication Potential of Polyiso Life Cycle [kg N eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 1.17E-04 1.90E-04 2.54E-04 

  1. Raw Materials 6.09E-05 9.16E-05 1.18E-04 

  2. Transport of Raw Materials 4.73E-06 9.36E-06 1.34E-05 

  3. Polyiso Manufacturing 1.56E-06 3.00E-06 4.41E-06 

  4. Installation 2.22E-06 2.99E-06 3.89E-06 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 4.75E-05 8.30E-05 1.14E-04 

 
 

Note: 
The trends are similar to those previously discussed for the roof application.  
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Figure AE-2- 9: Eutrophication Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-2- 8: Eutrophication Potential of Raw Materials only [kg N eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 1.23E-05 2.47E-05 3.53E-05 

Polyol 1.24E-05 2.49E-05 3.56E-05 

GRF Facer NA NA NA 

Foil Facer 2.97E-05 2.97E-05 2.97E-05 

TCPP 5.07E-06 1.01E-05 1.46E-05 

Surfactant * * * 

Pentane 6.86E-07 1.37E-06 2.12E-06 

Catalyst K-15 3.43E-07 6.87E-07 9.89E-07 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 3.17E-07 1.58E-07 1.05E-07 

Water 2.82E-13 5.65E-13 8.14E-13 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note:  
The trends are generally similar to the roof application discussed previously, but 
the contribution from the foil facer is quite significant when compared to a similar 
foam thickness for the roof application with GRF facer. 
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Figure AE-2- 10: Eutrophication Potential associated with the manufacture of polyiso insulation 

 
 
 

Table AE-2- 9: Eutrophication Potential of Manufacturing stage only [kg N eq per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 7.12E-07 1.43E-06 2.14E-06 

Natural Gas 3.54E-07 7.09E-07 1.06E-06 

Propane 2.03E-08 4.06E-08 6.09E-08 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 6.06E-10 1.06E-09 1.46E-09 

Manufacturing Waste in Landfill 4.75E-07 8.29E-07 1.14E-06 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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AE-2-4 SMOG CREATION POTENTIAL 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  

 
 

 
Figure AE-2- 11: Smog Creation Potential associated with each insulation scenario 

 

 
Table AE-2- 10: Smog Creation Potential of Polyiso Life Cycle [kg NOx eq per Square Foot 

Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 2.07E-06 3.92E-06 5.85E-06 

  1. Raw Materials 4.42E-07 6.72E-07 8.74E-07 

  2. Transport of Raw Materials 1.06E-07 2.1E-07 3.01E-07 

  3. Polyiso Manufacturing 5.38E-08 1.08E-07 1.64E-07 

  4. Installation 1.32E-08 2.09E-08 2.87E-08 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 1.46E-06 2.91E-06 4.49E-06 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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Figure AE-2- 12: Smog Creation Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-2- 11: Smog Creation Potential of Raw Materials only [kg NOx eq per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 1.31E-07 2.62E-07 3.75E-07 

Polyol 6.52E-08 1.30E-07 1.87E-07 

GRF Facer NA NA NA 

Foil Facer 2.05E-07 2.05E-07 2.05E-07 

TCPP 2.01E-08 4.02E-08 5.78E-08 

Surfactant * * * 

Pentane 1.15E-08 2.30E-08 3.54E-08 

Catalyst K-15 4.27E-09 8.54E-09 1.23E-08 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 5.13E-09 2.56E-09 1.71E-09 

Water 3.08E-15 6.16E-15 8.87E-15 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 
 

Note:  
The trends are generally similar to the roof application discussed previously, but 
the contribution from the foil facer is quite significant when compared to a similar 
foam thickness for the roof application with GRF facer. 
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Figure AE-2- 13: Smog Creation Potential associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 12: Smog Creation Potential of Manufacturing stage only [kg NOx eq per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 1.15E-08 2.30E-08 3.46E-08 

Natural Gas 7.32E-09 1.47E-08 2.20E-08 

Propane 4.25E-10 8.50E-10 1.28E-09 

Thermal Oxidizer 3.42E-08 6.85E-08 1.06E-07 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 1.22E-11 2.13E-11 2.93E-11 

Manufacturing Waste in Landfill 3.12E-10 5.4E-10 7.49E-10 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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AE-2-5 OZONE DEPLETION POTENTIAL 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  

 

 

Figure AE-2- 14: Ozone Depletion Potential associated with each insulation scenario 

 
 

Table AE-2- 13: Ozone Depletion Potential [kg CFC-11 eq per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 2.30E-07 4.48E-07 6.36E-07 

  1. Raw Materials 2.30E-07 4.47E-07 6.34E-07 

  2. Transport of Raw Materials 2.78E-11 4.96E-11 6.93E-11 

  3. Polyiso Manufacturing 3.19E-10 6.39E-10 9.58E-10 

  4. Installation 5.53E-11 7.81E-11 1.01E-10 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 1.85E-10 3.23E-10 4.46E-10 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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Figure AE-2- 15: Ozone Depletion Potential associated with the raw materials used to 

manufacture polyiso insulation 

 
Table AE-2- 14: Ozone Depletion Potential of Raw Materials only [kg CFC-11 eq per Square 

Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 2.15E-07 4.29E-07 6.15E-07 

Polyol 1.43E-09 2.86E-09 4.09E-09 

GRF Facer NA NA NA 

Foil Facer 1.28E-08 1.28E-08 1.28E-08 

TCPP 5.93E-10 1.19E-09 1.71E-09 

Surfactant * * * 

Pentane 8.12E-11 1.63E-10 2.51E-10 

Catalyst K-15 1.09E-10 2.18E-10 3.15E-10 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 1.49E-10 7.42E-11 4.94E-11 

Water 1.60E-16 3.20E-16 4.60E-16 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 
The trends are similar to those previously discussed for the roof application.  
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Figure AE-2- 16: Ozone Depletion Potential associated with the manufacture of polyiso 

insulation 

 
 
 

Table AE-2- 15: Ozone Depletion Potential of Manufacturing stage only [kg CFC-11 eq per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 2.70E-10 5.41E-10 8.12E-10 

Natural Gas 4.47E-11 8.95E-11 1.34E-10 

Propane 2.67E-12 5.36E-012 8.04E-12 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA BA NA 

Transport - Manuf Waste 3.64E-14 6.35E-14 8.74E-14 

Manufacturing Waste in Landfill 1.81E-012 3.17E-012 4.36E-02 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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AE-2-6 PRIMARY ENERGY DEMAND 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  

 

AE-2-6-1 Total Primary Energy Demand 

 
Figure AE-2- 17: Total Primary Energy Demand associated with each insulation 

scenario. 

 
 

Table AE-2- 16: Total PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 6.43 10.04 13.31 

  1. Raw Materials 5.66 8.72 11.46 

  2. Transport of Raw Materials 0.18 0.31 0.44 

  3. Polyiso Manufacturing 0.20 0.40 0.61 

  4. Installation 0.31 0.45 0.58 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0.084 0.15 0.21 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-2- 18: Total PED associated with the Raw Materials used to manufacture 

polyiso 

 
 

Table AE-2- 17: Total PED of Raw Materials only [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 1.66 3.33 4.77 

Polyol 0.91 1.82 2.61 

GRF Facer NA NA NA 

Foil Facer 2.4681 2.4681 2.4681 

TCPP 0.17 0.34 0.48 

Surfactant * * * 

Pentane 0.30 0.61 0.94 

Catalyst K-15 5.41E-02 0.11 0.16 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 8.9E-02 4.49E-02 2.99E-02 

Water 4.16E-08 8.34E-08 1.20E-07 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note: 
This impact has been discussed previously in the main body of this report. 
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Figure AE-2- 19: Total Primary Energy Demand associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 18: Total PED of Manufacturing stage only [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 0.11 0.23 0.34 

Natural Gas 8.18E-02 0.16 0.25 

Propane 6.80E-03 1.36E-02 2.04E-02 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste 2.30E-04 4.02E-04 5.54E-04 

Manufacturing Waste in Landfill 6.38E-04 1.11E-03 1.53E-03 

 
Note: 
This impact has been discussed previously in the main body of this report. 
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AE-2-6-2 Non-Renewable Primary Energy Demand 

 
Figure AE-2- 20: Non-renewable Primary Energy Demand associated with each insulation 

scenario 

 
 

Table AE-2- 19: Non-Renewable PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 5.63 9.18 12.39 

  1. Raw Materials 4.86 7.88 10.58 

  2. Transport of Raw Materials 0.18 0.31 0.44 

  3. Polyiso Manufacturing 0.19 0.39 0.58 

  4. Installation 0.31 0.45 0.58 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 8.19E-02 0.15 0.21 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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AE-2-6-3 Renewable Primary Energy Demand 

 
Figure AE-2- 21: Renewable Primary Energy Demand associated with each insulation 

scenario 

 
 

Table AE-2- 20: Renewable PED of Polyiso Life Cycle [MJ per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 0.80 0.86 0.91 

  1. Raw Materials 0.79 0.84 0.88 

  2. Transport of Raw Materials 2.55E-04 4.55E-04 6.36E-04 

  3. Polyiso Manufacturing 7.23E-03 1.45E-02 2.17E-02 

  4. Installation 5.24E-04 7.38E-04 9.57E-04 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 2.20E-03 3.85E-03 5.31E-03 

 
Note: 
The renewable energy with foil facer (wall applications) is several times greater 
than with roof applications using GRF facer, as almost all renewable energy 
above in the raw materials is from the foil facer, which obtains renewable energy 
from hydropower and solar power about equally.    
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AE-2-7 RESOURCE DEPLETION 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  
 

 

        Baseline Wall R4.9    Wall R9.8     Wall R14.6 

Figure AE-2- 22: Resource depletion associated with the manufacture of polyiso 
insulation 

 
 

Table AE-2- 21: Resource Depletion of Polyiso Insulation Life Cycle [MJ per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Crude oil (resource) 2.35 4.05 5.61 

Hard coal (resource) 0.73 1.14 1.50 

Lignite (resource) 0.12 0.15 0.18 

Natural gas (resource) 1.79 3.01 4.10 

Uranium (resource) 0.63 0.83 1.01 
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AE-2-8 WATER CONSUMPTION 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below.  

 

 
Figure AE-2- 23: Water Consumption associated with each insulation scenario 

 
 
 
 

Table AE-2- 22: Water Consumption during Polyiso Insulation Life Cycle [Liters per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 1.71 2.20 2.64 

  1. Raw Materials 1.59 1.98 2.32 

  2. Transport of Raw Materials 4.08E-03 7.29E-03 1.02E-02 

  3. Polyiso Manufacturing 6.40E-02 0.13 0.19 

  4. Installation 8.69E-02 1.22E-02 1.58E-02 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 4.38E-02 7.65E-02 0.11 

 
Note: 
The water consumption is heavily influenced by the foil facer as noted in the 
section below. 
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Figure AE-2- 24: Water Consumption of Raw Materials only [Liters per Square Foot 

Polyiso] 

 
 
 

Table AE-2- 23: Total Water Consumption of Raw Materials only [L per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 0.22 0.45 0.64 

Polyol 0.11 0.22 0.31 

GRF Facer NA NA NA 

Foil Facer 1.19 1.19 1.19 

TCPP 4.34E-02 8.68E-02 0.13 

Surfactant * * * 

Pentane 9.85E-03 1.97E-02 3.04E-02 

Catalyst K-15 8.32E-03 1.67E-02 2.40E-02 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 1.16E-03 5.78E-03 3.86E-03 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
 

Note:  The foil facer process is significantly more water intensive compared to the 
GRF facer process. 
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Figure AE-2- 25: Total Water Consumption associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 24: Total Water Consumption of Manufacturing stage only [L per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity 5.90E-02 0.12 0.18 

Natural Gas 4.24E-03 8.48E-03 1.27E-02 

Propane 2.67E-04 5.35E-04 8.03E-04 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions 5.47E-05 1.10E-04 1.58E-04 

Transport - Manuf Waste 5.35E-06 9.34E-06 1.29E-05 

Manufacturing Waste in Landfill 4.33E-04 7.56E-04 1.04E-03 

 
Note: 
The trends are similar to those previously discussed for the roof application.  
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AE-2-9 SOLID AND HAZARDOUS WASTE 

A summary of the technical aspects of this environmental impact is given in the 
first section (E-1) of this Appendix covering roof scenario LCA results.  Wall 
scenario LCA results are given below. Due to inconsistencies in reporting and 
classification, this Impact Indicator should be used with caution and should not 
guide business decision-making. 
 

 
Figure AE-2- 26: Solid waste generated associated with each insulation scenario 

 
 
 

Table AE-2- 25: Solid Waste Generated in the Polyiso Life Cycle [kg per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 8.09E-02 1.37E-01 1.87E-01 

  1. Raw Materials 4.21E-03 4.39E-03 4.54E-03 

  2. Transport of Raw Materials NA NA NA 

  3. Polyiso Manufacturing 7.35E-04 1.28E-03 1.77E-03 

  4. Installation 2.49E-03 3.11E-03 3.93E-03 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 7.35E-02 1.28E-01 1.77E-01 
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Figure AE-2- 27: Solid waste generated associated with the raw materials used to 
manufacture polyiso insulation 

 
 
 
Table AE-2- 26: Solid waste generated from Raw Materials only [kg per Square Foot 
Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI NA NA NA 

Polyol 1.81E-04 3.62E-04 5.18E-04 

GRF Facer NA NA NA 

Foil Facer 4.02E-03 4.02E-03 4.02E-03 

TCPP NA NA NA 

Surfactant * * * 

Pentane NA NA NA 

Catalyst K-15 NA NA NA 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film NA NA NA 

Water NA NA NA 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
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Figure AE-2- 28: Solid waste generated associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 27: Solid waste generated from the Manufacturing stage only [kg CO2-eq per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity NA NA NA 

Natural Gas NA NA NA 

Propane NA NA NA 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste NA NA NA 

Manufacturing Waste in Landfill 7.35E-04 1.28E-03 1.77E-03 
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Figure AE-2- 29: Hazardous waste generated associated with each insulation scenario 

 
 

Table AE-2- 28: Hazardous Waste Generated in the Polyiso Life Cycle [kg per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Total 3.09E-04 3.08E-04 3.08E-04 

  1. Raw Materials 3.09E-04 3.08E-04 3.08E-04 

  2. Transport of Raw Materials NA NA NA 

  3. Polyiso Manufacturing 3.93E-10 7.87E-10 1.18E-09 

  4. Installation NA NA NA 

  5. Use Phase NA NA NA 

  6. Disposal / EOL 0 0 0 
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Figure AE-2- 30: Hazardous waste generated associated with the raw materials used to 

manufacture polyiso insulation 

 
 

Table AE-2- 29: Hazardous waste generated from Raw Materials only [kg per Square 
Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

MDI 8.10E-07 1.62E-06 2.32E-06 

Polyol 1.17E-06 2.34E-06 3.35E-06 

GRF Facer NA NA NA 

Foil Facer 3.00E-04 3.00E-04 3.00E-04 

TCPP 1.53E-07 3.06E-07 4.40E-07 

Surfactant * * * 

Pentane NA NA NA 

Catalyst K-15 2.62E-08 5.24E-08 7.55E-08 

Catalyst PC-46 * * * 

Catalyst PV * * * 

Polyethylene Film 7.70E-06 3.85E-06 2.56E-06 

Water NA NA NA 

*Surfactant, Catalyst PC-46, and Catalyst PV are insignificant due to the cut-off criteria. 
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Figure AE-2- 31: Hazardous waste generated associated with the manufacture of polyiso 

insulation 

 
 

Table AE-2- 30: Hazardous waste generated from the Manufacturing stage only [kg CO2-eq 
per Square Foot Polyiso] 

 Baseline Wall R4.9 Wall R9.8 Wall R14.6 

Electricity NA NA NA 

Natural Gas NA NA NA 

Propane NA NA NA 

Thermal Oxidizer NA NA NA 

Manufacturing Emissions NA NA NA 

Transport - Manuf Waste NA NA NA 

Manufacturing Waste in Landfill 0 0 0 
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APPENDIX F: CRITICAL REVIEW PANEL COMMENTS 

 
A panel of LCA practitioners and industry experts completed a critical review of 
the aforementioned study and developed comments on this LCA report according 
to Clause 7.3.3 of ISO 140401 (2006) and Clause 6.3 of ISO 140442 (2006) 
standards. 
 
THE REVIEW PROCESS 
 
PE Americas was commissioned by PIMA to conduct a “cradle -to-grave” Life 
Cycle Assessment of a North American polyiso industry average product used in 
building roof and wall applications.  As part of the framework for this study, a 
critical review was conducted to ensure consistency between this LCA study and 
the principles and requirements of the ISO 14040/44 International Standards on 
Life Cycle Assessment. 
 
Professor Deanna Matthews was commissioned by PIMA to lead the critical 
review in accordance with ISO 14040/44 (2006), in collaboration with co-
reviewers Mr. John Clinton and Ms. Amy Costello. The review panel was 
comprised of the following experts: 

 Dr. Deanna Matthews, President, Avenue C Advisors, LLC, an LCA 
consultant and practitioner. 

 Mr. John Clinton, Private Consultant, insulation industry expert in all 
phases of insulation manufacturing and marketing. 

 Ms. Amy Costello, P.E., Armstrong World Industries, LCA practitioner, 
building products and LEED expert.  

 
The review process entailed the following steps: 

1. Initial meeting with the report’s authors to provide the panel leader with 
study documentation (subsequently distributed to all panel members), 
including Goal & Scope document, Energy and Environmental Benefits 
of Insulating Commercial Buildings with Polyiso (October 2008) by J 
Phelan and G Pavlovich, GaBi model flow diagram, and “i-report” 
results for various roof and wall R-values.   

2. Meeting of the critical review panel members to discuss the LCA study 
and documentation. 

3. Written comments and questions from the panel on LCA study 
assumptions, data sources etc and documentation. 

4. Follow-up by the authors to address the comments and 
recommendations made by the review panel. 

 
The critical review panel reviewed the documentation to determine whether: 

1. The methodology is consistent with standard LCA practices. 
2. The objectives, scope, and boundaries of the study are clearly 

identified. 
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3. The assumptions used are clearly identified and reasonable. 
4. The sources of data are clearly identified and representative. 
5. The documentation is complete, consistent, and transparent. 

 
In addition to addressing the above issues, the critical review panel included 
helpful comments regarding the organization of the documentation, basis for 
assumptions, data sources used etc, and suggestions for making the i-report 
more useful to future PIMA users. 
 
The critical review panel’s comments are provided below along with responses 
from the authors. In addition to the authors responses noted below, the authors 
agreed to the critical review panel’s recommendation to develop comprehensive 
new documentation (i.e. this report) combining elements of the documentation 
originally provided to the critical review panel and additional information 
requested by the experts.  This new report is intended to provide the additional 
detail and transparency recommended by the critical review panel.  
 
 
Comments from Professor Deanna Matthews, PhD to the Authors 
(September 17, 2010) 
I have been requested to review the i-Report of the “Life Cycle Assessment of 
Polyiso Insulation” completed by PE Americas for the Polyisocyanurate Insulation 
Manufacturers Association (PIMA). The LCA includes the assessment of the 
polyiso insulation from raw materials extraction through manufacturing and 
packaging of the final product, transport to the building site and installation, 
removal from a deconstructed building, and disposal. The use phase of the 
insulation product, and the inventory of impacts from energy saved through use 
of the insulation product, is not included in this documentation.  
 
The purpose of the peer review is to ensure that the analysis has been 
conducted consistent with acceptable life cycle assessment methodology. In that 
regard, I have reviewed the documentation to determine whether: 

1. The methodology is consistent with standard LCA practices. 
2. The objectives, scope, and boundaries of the study are clearly 

identified. 
3. The assumptions used are clearly identified and reasonable. 
4. The sources of data are clearly identified and representative. 
5. The documentation is complete, consistent, and transparent. 

 
In addition to addressing the above issues, I include some overall comments 
regarding the organization of the report and suggestions for making the i-Report 
more useful to future PIMA users. 
 
1. The methodology is consistent with standard LCA practices:  
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Yes, the methodology is consistent with standard LCA practices. The purpose 
and intent of the study is clearly indicated, data are collected from valid sources, 
and the modeling software is a reputable, validated system. 
 
2. The objectives, scope, and boundaries of the study are clearly identified. 
 
Yes, the objective was to analyze the life cycle performance and design of 
polyiso insulation in North America in order to understand the life cycle 
environmental impact of the product and its components, and the formulation 
processes. The scope includes extraction of raw material resources, 
manufacturing of raw materials, polyiso manufacturing, polyiso installation, 
disposal of manufacturing scrap, disposal of installation scrap, and end-of-life 
disposal of the product, and transportation in all life cycle phases. The boundary 
is clear to exclude the use phases of the product.   
 
A diagram of the entire polyiso manufacturing process [GaBi software flow 
diagram] was provided separately from the report. A simplified version of this 
diagram would be helpful to clearly visualize the different components of the 
polyiso insulation and the process steps in its manufacture. 
Authors’ Response: A simplified diagram is provided in this revised report, both in 
the Executive summary and the Scope section.  This simplified diagram is also 
reproduced below.    
 

 
Figure AF- 1 

 
3. The assumptions used are clearly identified and reasonable. 
 
Other than the assumptions in the Phelan and Pavlovich report, few assumptions 
are provided with regard to the data and its applicability to the study. Some 
assumptions may be revealed with a more robust discussion of the data in the i-
report, as discussed below.   
Authors’ Response: Please see response under item 4 below. 
 
4. The sources of data are clearly identified and representative. 
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Some, but not all, of the sources of data are clearly identified and representative. 
The polyiso manufacturing data [polyester polyol] was based on data from 3 
companies. It is not clear how the three data sources were combined to create a 
single dataset. 
Authors’ Response: All data sources and their representativeness with respect to 
technology, geography and time are summarized in Tables 2 and 3 that have 
been added.  Table 3 also notes dataset modules used.  Table 8 has been added, 
summarizing inventory data measured, calculated, estimated etc. Also, the 
sections in the “Life Cycle Model” topic added to this report includes methodology, 
assumptions and example calculations for raw materials, transportation of raw 
materials, polyiso manufacturing, installation, use and end-of-life.  
 
New detailed descriptions showing how all transport models were adjusted for 
capacity utilization for weight and volume limited transport two-ways have been 
added.  A new section justifying the flows excluded via cut-off criteria along with 
calculations for all key environmental impact categories to justify exclusion has 
been added as well.   
 
Regarding polyester polyol, primary gate-to-gate data for all three U.S. polyester 
polyol suppliers (100% of suppliers) were collected during onsite visits to each of 
the plants.  Each complete LCI was scaled down to represent that company's 
share of the market based on reported annual production of each company.  
These data, which were modeled in the system, were aggregated in this way to 
provide values representative of the North American market and protect 
company confidential information.  This process has also been mentioned in the 
new report.   
 
The section of Data Collection indicates that data was collected in a “consistent” 
way. This should be explained more fully. 
Authors’ Response: All data were collected and provided consistent with the 
study's system boundaries and cut-off criteria (detailed calculation on cut-off 
justification added to the new report) to ensure that the same raw materials 
background data were used for production and transportation processes.  Using 
a consistent request, primary data on energy use (production volumes, electricity 
and natural gas, propane, packaging etc) were obtained from the polyiso 
manufacturing plants (Phelan and Pavlovich 2008 study).  Primary data on 
material and process energy use for polyiso manufacturing was collected for the 
full year of 2007 in the original Phelan and Pavlovich study, and these data were 
linked to full material and energy LCIs to represent the production phase.  
Primary data were also collected using consistent forms for manufacture of 
polyester polyol, GRF, and foil facers.  Upstream impacts of the remaining 
materials and energy carriers were obtained from existing GaBi datasets and 
researched in the literature where needed (e.g. catalyst K-15).  Please refer to 
the sections on “Data Collection, Sources and Quality” of this report for additional 
details.  
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Data include primary data, data from literature, and the GaBi model. The primary 
data reference is the earlier Phelan and Pavlovich study. Other primary data was 
collected from other product manufacturers. It is not clear what information was 
collected from these manufacturers.  
Authors’ Response: The new Table 8 of this report summarizes the primary data 
collection from manufacturing operations (primary data were also collected for 
installation).  In summary, primary Life Cycle Inventory data collected from 
manufacturers are as follows: 

 Polyester polyol manufacturers (3 plants): Raw material inputs, energy & 
fuels, emissions to air and water, and solid/hazardous waste.  

 Facer manufacturers (one GRF plant, one aluminum craft paper plant): 
Raw material inputs, raw material transportation, energy & fuels, 
emissions to air and water, and solid/hazardous waste.   

 Polyiso manufacturing plants, Energy & production: Production volumes, 
electricity and natural gas consumption, and propane for fork-lift trucks 
were obtained from 29 of 31 plants.  Packaging inventory data were 
obtained from 26 of the 31 plants.  Onsite visits to two polyiso plants by 
two of the authors provided inventory and operations data on VOC losses, 
emissions controls, scrap waste rates and disposal methods, as well as 
typical delivery distances of products to customers and raw material and 
product transport modes and capacities.  Data on facer material 
(samples collected) and thicknesses used for roof and wall applications 
were also obtained.  Finally, these data were verified as technically 
sound during visits at the corporate headquarters of all five PIMA 
member companies, where the i-Report parameters were reviewed with 
polyiso technical/operations experts from each of the five companies.      

 
The Phelan and Pavlovich study focused only on energy and greenhouse gas 
emissions, but the current study includes a broader scope of environmental 
impacts categories. Were data relevant for these other impact categories 
collected directly from the manufacturers?  
Authors’ Response: In addition to the energy and inventories needed for GWP 
calculations, gate to gate emissions to the environment for the other impact 
categories (smog creation potential, acidification, eutrophication, ozone depletion 
potential) were collected from the all three polyester polyol plants, the two facer 
plants and the polyiso manufacturing plants as noted above.       
 
Likewise, literature sources were cited. These need to be referenced 
appropriately, and the data used should be clearly identified. Table 4 in the i-
report however does not show literature data as a data source. 
Authors’ Response: Research from literature was used for one dataset 
developed in 2010: Catalyst K-15 (Potassium 2-Ethyl Hexanoate).  The catalyst 
model was based on modifications to process information from the article 
“Metallic Soaps, by Angelo Nora and Gunther Koenen, Ullmann’s Encyclopedia 
of Industrial Chemistry, Wiley-VCH Verlag GmbH & Co. (2002).”, and 
stoichiometric input/outputs were used together with enthalpy calculations to 
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develop a new GaBi dataset.  Also, a TCPP dataset was developed in 2008 
based on 2007 data for chemical processing information in Ullmann’s 
Encyclopedia as well.  The report now summarizes this additional raw materials 
dataset development in newly added Table 6.    
 
The report should also be clear on the materials, energy and emissions data (i.e. 
elementary flows) reported for each material and energy, especially the new 
primary data collected from the polyol and facer manufacturers. The GaBi 
database includes a very diverse set of input and output flows that contribute to 
the calculation of the various impact categories provided in the i-report. Are the 
same number and diversity of flows collected from the polyol and facer 
manufacturing steps?  
Authors’ Response: The polyol and facer manufacturing data are based on gate 
to gate inventories that included raw materials inputs, energy and fuels use in the 
plants, transport, emissions to air and water and solid/hazardous waste.        
 
If the primary data include only a few select flows, such as energy and criteria 
pollutants, then this needs to be clearly stated and the results need to indicate 
that the impacts related to ozone depletion and water (as examples) are 
underestimated.  
Authors’ Response: Based on the authors’ knowledge of polyiso plant operations 
and primary data collected, relevant inventory data and associated impacts were 
included.  In addition to the data collection summarized in Table 8, inventory data 
(primary data collected at plants) are as follows, with data collection customized 
to each different type of each process: 

 Polyiso plants: Production rates, electricity, natural gas and propane 
consumption, emissions of VOC (pentane) and process CO2 emissions 
from laminator, plastic packaging, solid waste/scrap and disposal mode, 
emissions to thermal oxidizer for plants with this air pollution control 
device and associated CO2 emissions from pentane combustion, 
transport distances to customers, transport modes and final product 
loading capacity. Wastewater emissions were not collected since the 
process does not generate wastewater. 

 GRF Facer: Production rate, facer thickness and density, raw material 
inputs (e.g. waste paper, glass, old corrugated cardboard), additives (e.g. 
latex, resin, dye, water), electricity, natural gas and propane consumption, 
air emissions (e.g. CO2, CH4, VOC, PM), water emissions (e.g. BOD, 
COD, TSS), solid waste generation/disposal, energy outputs (e.g. steam).  

 Foil facer: Production rate, facer thickness and density, raw material 
inputs (e.g. paper, aluminum foil, adhesive, coatings), solid waste/scrap, 
air emissions (VOC).    

 Polyester polyol: Production rates, electricity and natural gas consumption, 
raw material inputs (e.g. specific glycols, bio-based materials, specific 
acids, DMT and other chemicals used for polyester polyol production) 
solid waste, waste water, emissions to air (e.g. CO2, VOC, NOx, 
speciated emissions associated with specific polyester plant processes).           
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 primary data collected from the polyester polyol plants, facer plants and polyiso 
plants were comprehensive using data collection forms and onsite visits to fully 
observe and understand the operations.  .       
 
Section 4.3.5.1 [i-Report] Production Phase indicates that “when primary data , 
GaBi data, or literature data were unavailable or insufficient, additional 
discussions regarding data development was required.” The report needs to 
indicate where this occurred and the outcome of the “discussions regarding data 
development.” If the data are unavailable or insufficient, and no data were found 
or used as proxies, the fact that these data are not included needs to be stated 
and the impact of excluding this data should be discussed (i.e., certain impacts 
are underestimated). 
Authors’ Response: Additional data identified during the course of the project are 
summarized in Table 6 (raw materials additional dataset development).  Flows 
not included are justified using the cut-off criteria.  These cut-off calculations are 
described in the new report and results are tabulated in Tables 9 through 12.       
 
Section 4.3.5.10 [i-report] Data Quality discusses that the measure of data quality 
is whether the data were measured, calculated, averaged, or estimated. A list of 
data sources for the different areas - manufacturing, transport, and EOL - is then 
provided. However, whether or not data were measured, calculated, averaged or 
estimated is not given. 
Authors’ Response:  The report has been updated and this information is given in 
Table 8, along with other information described in the new report, e.g. 

 Polyiso insulation was modeled based on a generic formulation 
(Calculated) and data from the Phelan and Pavlovich study (Measured) 

 Primary data from the polyester polyol suppliers (Measured & Calculated) 

 Primary data from the facer suppliers (Measured & Calculated) 

 Research from literature (used in dataset development for Catalyst K-15 
and TCPP) 

 GaBi background data on raw materials and energy 

 Transportation data was based on logistical (distance and mode) 
information provided by PIMA members (Averaged) and GaBi background 
data 

 In addition, end-of-life modeling for landfilling was analyzed using GaBi 
data. 

 
5. The documentation is complete, consistent, and transparent. 
 
It would be helpful for the outside reader to include a baseline description and 
product diagram of the side view of the polyiso. A brief description is provided in 
section 3.3.1. [i-report] System Description, but a flow/process diagram would 
help clarify. This would help identify the different components of the product, and 
the relationship between thickness and R-value, and the multiple facer elements. 
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Authors’ Response:  The report has been updated in the Scope/Product System 
& Boundaries (Polyiso Manufacturing) section with a detailed description of 
polyiso manufacturing along with a new flow diagram of a polyiso manufacturing 
plant (Figure 3). 
     
The i-report should include a discussion of the implications of varying the design 
options regarding the R-value (e.g., a user can specify an R-value, which sets 
the thickness). It should be clear that if the user sets the R-value of the insulation, 
then the thickness is set, whereas a user can also specify a thickness (even if not 
a standard thickness available in the product, and thus not a standard R-value). 
Authors’ Response:  The i-report has been revised in Section 1.3.4 "Product 
Thickness and R-Value" to include an explanation clarifying this feature, as noted 
below: 
 

1.3.4 Product Thickness & R-Values 
Preset thicknesses have been defined for the R-Values given by PIMA.  These 
representative thicknesses can be chosen using the parameter drop-down list 'R Value', 
under General Parameters -> Foam -> R Value (Standard Thickness).  The preset 
thicknesses are defined below: 
 

Table AF- 1 

 R15 R20 R25 R30 R35 

Thickness [inches] 2.5 3.3 4 5 6.5 

 
It is also possible to create products with a custom thickness.  The thickness variable 
can be chosen using the parameter 'Foam + Facer Thickness' under General 
Parameters -> Foam -> Custom Product Thickness.  Using the Custom Thickness 
parameter overrides any R Value chosen using the Standard Thickness drop-
down.  Input fields in Appendix A allow the user to describe the R-Value used and other 
pertinent notes. 

 
The i-report includes a description of the various environmental impact 
categories and the reasons these impact categories are of concern. This is a 
welcome addition to the LCA report as it supports the proper use of the 
document later by audiences that may be familiar with the product but not the 
environmental impact categories (e.g., PIMA members).  
Authors’ Response: In addition to the i-report, this impact category background 
information has been added to this report in Appendix B. 
 
The results tables and graphs do not indicate what facer choice was chosen for 
analysis, only the R-value of the insulation. If a user wanted to compare 
insulation with equivalent R-value but different facer types, which appears to be 
an option in the i-report data entry sheet, then the results and graphs need to 
have that characteristic listed in the table headings and chart labels to identify the 
different products clearly. Although the discussion of functional unit explains that 
GRF facers are used in roofing applications and foil facers are used in wall 
applications, some users may want to compare the two options. 
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Authors’ Response: Instructions have been included in revised i-report section 
1.3.1 on “Renaming Scenarios”.  Scenarios can be renamed to indicate the facer 
type as well as R-value for example. The specific names thus show up as output 
in the i-report charts and table headings such as “R20-Al” vs. R20-GRF” etc.  The 
i-report instructions are as follows: 
 

1.3.1 Renaming Scenarios 
The tables and graphs will display the name of the scenario as shown in the left hand 
column. The default names are "Baseline Polyiso", "Scenario 2", and "Scenario 3". To 
customize these names right-click on the column header, select "Rename: Scenario 2", 
and type in a new name such as "Polyiso Product A".  

 
General Comments 
 
The organization of the i-report is awkward, with the instructions for use and 
results presented before the goal and scope. Various places in the goal and 
scope section use future tense (e.g., “site specific energy data will be collected 
from one or two sites...”), where past tense is appropriate since the study is 
complete. 
Authors’ Response: The i-Report has been changed to reflect the past tense and 
reorganized for a more logical flow of information.  Based on user priorities, the i-
report is presented with some explanation upfront and the Goal and Scope and 
additional details on impacts etc. are included as more information in the 
subsequent sessions.  Instead of a static Table of Contents, the i-report software 
has a drop down menu that allows users to immediately navigate to the desired 
section.   
 
Project Context - the Project Context states that PIMA members can use the i-
report to determine and compare the environmental impacts of different polyiso 
insulation configurations, without any LCA modeling experience. Ideally, the i-
report would include some background information on LCA to provide the 
appropriate context for understanding and using any results from the i-report for 
decision-making. 
Authors’ Response: Section 4 of the revised i-report has been updated to include 
information on the LCA process, ISO 14040 etc. These details are also 
presented in this new report, Appendix A.  
 
Goal of the Project - indicates that an independent review was carried out by 
LCA and industry experts. Is that in reference to the work of our peer review 
panel? 
Authors’ Response: This refers to both the formal critical review conducted by the 
this Peer Review Panel as well as the numerous informal reviews carried out by 
polyiso technical, operations and marketing experts from five PIMA-member 
polyiso manufacturers.  The informal reviews were conducted by detailed 
discussions on the i-report input and output at five polyiso manufacturing 
company headquarter locations in 2010.    
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Section 4.3.2 Functional Unit introduces the different facer types, glass 
reinforced fiber (GRF) and aluminum craft paper. The aluminum craft paper is 
referred to as “foil” in the i-report data entry sheet and elsewhere. This should be 
made clear here. 
Authors’ Response: Revised section 4.3.2 of the i-report notes parenthetically 
aluminum craft paper (foil) to clarify use of the two designations as follows: 
“There are two types of facers: glass reinforced fiber (GRF) and aluminum craft 
paper (foil).”     
 
 
Comments from Mr. John Clinton to Professor Deanna Matthews 
(September 20, 2010) 
 
How was the product density decided? Why are 1.75 and 1.82 pcf both shown for 
GRF?  
Authors’ Response:  The product wet density can vary among processes/ 
manufacturers within and around the ranges noted above.  The i-report was 
therefore designed so that the wet density can be specified as a variable.   
However, based on a review with technical experts from five PIMA member 
companies (Atlas, Firestone, Hunters Panel, Johns Manville and Rmax), it was 
decided that of 1.82 lb/ft3 is a generally representative wet density.  This density 
is reflected in the LCA results presented in this revised report for roof 
applications.      
 
Are there no other inputs to polyiso manufacturing (foam core, facer, packaging, 
energy)?  
Authors’ Response: All inputs to the polyiso manufacturing plants are covered, 
including all chemical raw materials (MDI, polyester polyol, additives, facer, 
blowing agent etc), all electrical, natural gas and fuels (e.g. propane) energy 
inputs and packaging materials.  The impact due to transportation for all raw 
materials, finished product and waste to landfill is also included.   PIMA members 
shared data on their processes and visits to polyiso plants by the authors 
confirmed that inputs provided are complete.     
 
Is the thermal resistance shown the "specified minimum thermal resistance" for 
the 30 year time period? This directly affects the mass of material in 1 ft2. 
Authors’ Response:  Yes, the specified minimum thermal resistance is based on 
the manufacturer’s advertised LTTR value, which is estimated to be 
representative of the average lifetime R-value of the insulation.  
 
Why only one facer plant, are they all identical? How many are there? 
Authors’ Response:   Facer data was taken from one GRF facer (used for roof 
applications) plant and one aluminum craft paper (used for wall applications) 
plant, and although various types of facers can be used, these two types of 
facers are typically used for the polyiso insulation applications studied.   These 
two facer plants were the only companies who agreed to participate, and it is not 
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known whether the processes used at different companies are identical.  In the 
U.S., there are three GRF facer plants (two different manufacturing companies) 
regularly supplying the polyiso insulation market.  Data on the number of Al craft 
paper (foil) plants supplying the insulation market are not available to the authors.  
However, the authors are aware of only one U.S. aluminum craft paper 
manufacturer actively supplying the market in the U.S. for the typical wall 
insulation product studied.       
 
What percentage of all NA polyiso plants submitted data for the modeling? 
Authors’ Response:  There were 29 out of 31 (~94%) PIMA-member polyiso 
manufacturing plants that submitted annual data for modeling key environmental 
aspects such as electricity, natural gas and propane use, while 26 of the 31 
polyiso plants (84%) submitted data on packaging used. Detailed data on 
pentane emissions losses, scrap rates, process operations etc were obtained by 
onsite visits to one polyiso plant and reviewed again during a visit to another 
polyiso plant.  The i-report input parameters used regarding energy, VOC losses, 
transport modes, formulation weights, density etc were reviewed by technical 
experts at five PIMA member companies. 
   
How was the market share influence on raw material delivery and finished 
product delivery handled? 
Authors’ Response: The i-report is customized to allow each company to enter 
the exact raw material transport distances for a particular polyiso plant location, 
as well as the exact distance of finished product to a building site.  In the 
examples shown in this report for polyiso plants in the vicinity of a building site in 
Chicago, the two major raw material components, MDI and polyol, were based 
on assumed market share.  The impact of distance as a function of market share 
will not be significant for chemicals such as MDI and pentane, for example, as 
these materials are manufactured at plants located on the Gulf Coast.  Market 
share data for other raw materials were not available so representative distances 
were assumed.  Finished product delivery distance is assumed to be 250 miles in 
the example shown based a typical distance driven by trucks supplying product 
to a building site in the example case. For example, in the baseline polyiso case 
for R15.3 roof insulation supplied from polyiso plants in the Chicago area, the 
total life cycle energy for 1ft2 installed is 12.7 MJ.  Transport of raw materials to 
the polyiso plant is 0.34 MJ (2.7%) of the total energy and transport of finished 
product to a building site is approximately 0.44 MJ (3.5%) of the total energy, 
making up 6.2% of the total life cycle energy for both types of transport combined. 
 
What is included in "wet density"? Any scrap manufactured, production losses of 
blowing agent?  
Authors’ Response:  The wet density is a measure of all raw materials added at 
the laminator pour table, i.e. the “wet chemicals” prior to reaction and evaporation.  
This includes all the “wet” polyol, MDI, water, pentane and additives.  The 
manufacturing scrap and blowing agent losses have been included in the model.  
Based on input and review from PIMA member companies, a generally 
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representative manufacturing scrap loss of 1% was used, and a blowing agent 
loss of 2.5% of pentane use are reflected in the LCA results. 
 
Plant utilization may affect energy use. Is the several months of 2008 data for 
polyol representative?  
Authors’ Response: The original analysis in the Phelan/Pavlovich study for polyol 
was based on more limited data for 2008 from some manufacturers. However, 
primary data was collected for polyester polyol production for the full year 2008 in 
the more detailed analysis subsequently conducted by PE Americas. 
 
 
Comments from Ms. Amy A. Costello, P.E. to Professor Deanna Matthews 
(September 9, 2010) 
 

I completed a critical review of the above study and offer the following comments 
for incorporation in to the composite panel Critical Review Report that you are 
developing according to Clause 7.3.3 of ISO 14040 (2006) and Clause 6.3 of ISO 
14044 (2006) standards. 
 
The final report should incorporate components from both the i-reports and 
Energy and Environmental Benefits of Insulating Commercial Buildings with 
Polyiso paper. While the information required for the review was contained within 
the combination of these two documents, the report will be easier to understand if 
the data was compiled into one congruent document. 
Authors’ Response:  A new report (this document) has been compiled based on 
information from the i-report and the Energy and Environmental Benefits of 
Insulating Commercial Buildings with Polyiso paper.  
 
Update the final study and report to include NREL LCI unit process data for 
methylene diphenyl diisocyanate resin manufactured in the United States or 
justify why GaBi or PlasticsEurope data was used instead of data from the United 
States.  
Authors’ Response:  The NREL LCI (based on the ACC/Franklin report of June 
2010) was used to update this study for methylene diphenyl diisocyanate resin 
produced in the U.S.  This new data source for MDI is noted in the revised report.  
This updated LCI has not been published on the NREL website at the time of this 
report.   
 
Incorporate or justify why NREL unit process data for low density polyethylene 
resin manufactured in the United States was not used.  
Authors’ Response: A PE International database (GaBi) was used based on U.S 
boundary conditions for low density polyethylene resin.  This low density 
polyethylene GaBi dataset was selected since it has been internally reviewed by 
PE International and the authors have confidence in its quality.    
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Include an explanation as to why blank results appear in some of the Figures. 
For example, in Figure 2 of the I-report, why does “Foil Facer” not include 
numeric impacts?  
Authors’ Response:  The blanks results appear when certain i-Report options 
are not selected.  For example, “Foil Facer” does not include numeric impacts 
because the i-report input option of using the GRF facer was specified. The i-
report output has been re-programmed to automatically include explanations on 
tables for blanks related to chemical flows meeting cut-off criteria, and now 
provides renaming of scenarios for indicating facer types to provide clarity.  The 
i-Report output included in the revised report (this document) includes additional 
“NA” for Not Applicable in some cases.  The i-Report document can also be 
edited to provide further detail.  
    
 
Include an explanation as to how many of the 31 polyiso plants or what percent 
of the market “average” wet density data represent in Section 2.9.1.1. [2008 
Phelan/Pavlovich study] 
Authors’ Response:  A market average wet density was not used, as such 
information is highly confidential and no manufacturers were willing to share 
such data for proprietary reasons.  Instead, the value of 1.82 lb/ft3 was selected 
based on available industry process operation knowledge, and it was the 
consensus of PIMA members to use this value as generally representative.              
 
Appendix is not referenced in the i-report. What electric power data was actually 
used (year, region, etc.)? Because energy is the largest contributor to the 
Primary Energy Demand (PED), some explanation should be given. Was 
national energy data used or are all Polyiso facilities located within one region? 
What is the date of the EIA data used? With individual states regulating 
increased renewable energy use, the power grid mixes greatly vary from 2002 to 
2007. The paper states that US electric power grid mix was used, however the I-
report seems to imply that regional mixes were used. Also, the US energy mix in 
GaBi Ver. 4.4 is from 2002, not the latest data.  
Authors’ Response:  The original Phelan/Pavlovich study from 2008 used the US 
energy mix in GaBi from 2002.  However, the updated study by PE Americas 
used datasets for regional electricity grid mixes that users can specify depending 
on plant location.  For each of the polyol and facer manufacturers, a regional 
dataset was chosen based on the plant location.  Users of the i-report have the 
ability to choose their relevant grid mix based on polyiso plant location for more 
customized results.  Table 3 has been added to this report and it provides the 
dataset year for each module used.  The GaBi dataset lists the base year as 
2002 but notes the dataset is valid until 2012.     

 
The i-report states that the intended audiences of this study are the building & 
construction community and users of public life cycle inventories. Given this fact, 
some measures of sensitivity and/or uncertainty analyses should be undertaken 
to fully justify the statements and conclusions.  
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Authors’ Response:  Given the representative and specific data inventory and 
collection that was conducted, along with detailed operations knowledge of 
polyiso manufacturing provided by PIMA technical/operations experts from five 
different polyiso manufacturers, including their review of the inventory data and 
assumptions,  the authors do not feel that sensitivity/uncertainty analysis would 
enhance the quality of this study.  Recent inventory data were based on relevant 
technological (polyiso manufacturing with moving belt laminators and 
representative formulations and process variables), geographical (U.S., Canada) 
and reviewed by experts at polyiso manufacturing companies in North America.  
Moreover, polyiso plants were visited by the authors to understand the 
operations first hand and assure that all materials and operations were included.  
The key components that have the major impact on the LCA results are the raw 
materials.  Special care was therefore taken to use the most relevant 
background datasets and compile primary data for polyiso manufacturing and 
polyester polyol manufacturing.  Thus, the U.S. MDI dataset released in 2010 by 
ACC/Franklin and published on the NREL LCI was used for this major foam 
component.  Regarding the second major foam component, polyester polyol, no 
U.S. data existed prior to this LCA.  As a result, primary data from 2008 were 
collected onsite at all three U.S. polyester polyol manufacturers to create the first 
such U.S. and technology specific LCI needed for polyiso insulation 
manufacturing.  Similarly, since no LCI data existed for GRF and aluminum craft 
paper (foil) facer in the U.S., primary data from 2008 were collected for one GRF 
and one foil facer plant.  Regarding energy use, 2007 annual data were obtained 
from 29 of the 31 polyiso plants.  Also, data on material and process variables 
such as wet density, foam composition and weight percent, facer thickness, 
pentane losses, manufacturing scrap losses, transport modes and distances, 
waste disposal practices etc were reviewed with technical experts at all five U.S. 
based polyiso manufacturing companies.  Based on the LCI data collection and 
detailed operations knowledge on which the data are based, stakeholders such 
as members of the building and construction community and users of the 
inventories are being provided with data that are updated, accurate, complete 
and  representative of polyiso insulation  manufacturing in North America.   
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APPENDIX G: CRITICAL REVIEW PANEL FINAL REPORT 
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