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LCA of SPF insulation for residential and
commercial building applications

The life cyle of spray polyurethane foam (SPF) insulation was evaluated for its environmental footprint in residential and commercial building
applications. This study is the first comprehensive life cycle assessment (LCA) of SPF insulation conducted in North America, and covers
primary energy from non-renewable resources, plus five environmental impacts related to air/water pollution: climate change (carbon foot-
print), acidification, eutrophication, ozone depletion, and smog creation. This LCA improves understanding of environmental impacts across
the life cycle, demonstrates the benefits of SPF insulation using rigorous assessment methodology, and provides publically available indus-
try averages for SPF products. Results show that energy and environmental benefits from the use of SPF in new residential construction
and commercial roofing retrofits outweigh the embodied energy and environmental impacts of manufacturing, installation, transportation,
and disposal of the insulation at end-of-life compared to the use phase benefits. Variations in the ratios and payback periods for energy
savings and environmental impacts result mainly from the type of SPF applied, different climate zones, and type of energy used. When
open-cell SPF (ocSPF) is installed on 2,500 ft? (240 m?) residential houses in Houston, TX, (IECC climate zone 2A), Richmond, VA, (IECC
climate zone 4A), and Minneapolis, MN, USA, (IECC climate zone 6A), energy savings versus no cavity insulation during a 60 year service
life are from 64194 times greater than the embodied energy in the ocSPF. The results for closed-cell SPF (ccSPF) insulation yield energy
saved to energy embodied ratios that are half as much, ranging from 32-98 times greater than the ccSPF embodied energy. Climate
change results show, the difference in the reduction of greenhouse gas (GHG) emissions are even greater from ocSPF versus ccSPF. The
GHG avoided to embodied ratios for ocSPF in residential houses in these zones range from 92-248, whereas the GHG avoided to GHG
embodied ratios for ccSPF range from approximately 8—21. The ccSPF GHG avoided to GHG embodied ratios are about a 12 times less
compared to ocSPF, mainly due to the high global warming potential (GWP) of the blowing agent currently used to make ccSPF. Regard-
ing other environmental impacts avoided for residential housing, the impacts avoided to embodied ratios for ocSPF range from 44-134
(Houston) and 40-159 (Minneapolis). For ccSPF the ratios are similar to those observed for energy, i. e. approximately half compared to
0cSPF as result of greater embodied impacts associated with the denser ccSPF. Existing commercial buildings were evaluated for roofing
retrofits. For roofing SPF installed to obtain an R20 retrofit on a 22,500 ft? (~ 2,100 m?) strip mall, energy savings in Houston, Richmond,
and Minneapolis during the 60 year service insulation life range from 55-66 times greater than the baseline of R4. The results for an R12
baseline to an R20 retrofit yielded energy saved to energy embodied ratios in these cities approximately 30 times greater than the base-
line. As expected, the energy savings to energy embodied ratios for the R12 baseline case are half of that compared to the R4 baseline,
but nevertheless significant. Climate change results show a similar trend, with ratios of use phase GHG avoided to embodied ranging from
15-17 for an R4 to R20 retrofit, and ratios of use phase GHG avoided to embodied ranging from 7-8 for an R12 to R20 retrofit. Other
environmental impacts for the commercial building show similar but more pronounced trends resulting from higher impacts associated with
electricity use in climate zone 2 (Houston), as use phase impacts avoided to embodied impacts range from 30-106 (Houston) and 20-71
(Minneapolis) for an R4 to R20 retrofit, and 16-57 (Houston) and 9-31 (Minneapolis) for an R12 to R20 retrofit.

[ s 1. Introduction commercial building roofing retrofits. The
use phase is evaluated with whole building
energy simulation tools: Residential Ener-
gy Services Network (RESNET)-approved
software (EnergyGauge) for residential,
and US Department of Energy (DOE)

software (EnergyPlus) for commercial.
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and blending, transportation, installation
and end-ofife. Embodied phases are as-
sessed according to ISO LCA standards
[1, 2] methodology, which define the em-
bodied phases goal and scope, inventory
analysis, impact assessment, and inter-
pretation.

Use phase: SPF insulation during its
service life in new residential houses and

In order to verify conformance with globally-
recognized standards for LCA (ISO 14040/
14044) and strengthen the credibility of this
study, the Spray Polyurethane Foam Alliance
(SPFA) commissioned critical reviews,
according to the critical review requirements
of ISO 14040/44 by a panel of three inde-
pendent LCA/insulation industry experts.
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Similarly, the reports on SPF residential en-
ergy modeling analysis and SPF commercial
energy modeling analysis were reviewed by
independent building science experts. It
should be noted that the other inherent ben-
efits of ccSPF insulation, such as its inte-
grated vapor retarder (required by building
codes in colder climates), water resistance,
and added structural performance, are not
included in this analysis. Also, it is important
to note that the SPF products evaluated
were used to fill cavities and not applied ex-
ternally as a continuous insulation in typical
residential housing. Continuous insulation
further improves insulation performance by
eliminating thermal breaks.

2. Emboddied phases:
LCA goal and scope

2.1 Purpose and audience

The purpose of the embodied phases study
is to understand the environmental impact of
SPF from cradle to end-of-life on a product
level according to ISO 14040/44. The prod-
uct level means that life cycle impacts from
the building use level such as reduction in
energy and environmental impacts due to the

Included Excluded

e Extraction of raw materials

e Production and manufacturing of raw
materials for SPF and packaging

e SPF formulation

e SPF installation

® SPF use phase emissions

e End-of-ife of insulation and packaging

e Transportation between all life cycle
stages

e Construction of capital equipment

¢ Maintenance of support equipment

© Human labor and employee commute

e Energy savings and environmental im-
pacts avoided from product use

presence of insulation are not covered. The
results of this section are primarily intended
for use in North America by the building and
construction community and users of pub-
licly available life cycle inventories. These
results address all emissions covered in the
US EPA's Tool for the Reduction and Assess-
ment of Chemical and Other Environmental
Impacts (TRACI 2.0) methodology. The study
considers cradle to end-of-life environmental
impacts of SPF on a product level in both
commercial and residential applications as
well as their final end-of-life treatment. The
three specific products considered are low
density ocSPF and medium density ccSPF
for use in wall cavities, plus ccSPF used in
exterior low-slope roofing applications. Pri-
mary data for embodied phases were col-
lected from six formulation locations, litera-
ture provided by chemical suppliers, and six
installation contractors to attain an industry
average of energy and material usage. Best
available data (representative of technology,
geographical area, recent information etc.)
were used for all upstream raw materials.

2.2 System boundaries

Figure 1 shows the life cycle stages associ-
ated with the embodied phase study, which

4 Tab. 1:
Embodied phases system
boundaries

V Fig. 1: Life cycle flow diagram of SPF insulation products
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focuses only on the SPF insulation in a build-
ing, excluding all other building materials. As
shown in figure 1, “SPF use and mainte-
nance” includes only the impacts of blowing
agent lost to the environment during SPF in-
stallation. The effects of SPF insulation on the
thermal resistance of the building envelope
are covered in later sections. Included in the
embodied phases are upstream processing
and production of materials and energies
needed for the production of SPF, transport
of materials (chemicals and packaging) to SPF
installation sites, formulation of SPF, transpor-
tation, the installation site, installation,
removal and transport of insulation to dispos-
al site, and end-of-life disposal in a landfill.
Table 1 summarizes what is included in and
excluded from the embodied phases study.

2.3 Functional unit

The functional unit is based on providing
thermal insulation for building envelopes, as
defined by the Product Category Rule (PCR)
for Building Envelope Thermal Insulation,
product category rule No. UL 110116 [3]:
1 m? of insulation material with a thickness
that gives a design thermal resistance
Ry = 1 m*K/W (R, = 5.68 h-ft2-°F/Btu) and
with a building service life of 60 years. The
standard unit of measurement for SPF insula-
tion is a board foot (bd ft), which is 1 ft?
(~930 cm? of insulation that is 1 inch
(2.54 cm) thick. To achieve 1 m? with a thick-
ness that provides Ry, = 1, the different foam
products require unique reference flows. The
reference flows are needed as a basis for
performing the life cycle calculations, as
these defined volumes can be converted to
mass values. The thickness required to pro-
vide Ry, = 1 is calculated by dividing the tar-
get R value defined in the functional unit
above by the foam’s R value. For the pur-
poses of this report and dataset generation,
representative R values given by the SPFA
are used. Reference flows (i. e. defined area
and thickness, to be converted to mass for
subsequent calculations) for the three foam
products are shown in table 2.

It is important to note that the nominal or
core density of each product is used to de-
fine different SPF product classes. The



actual density of SPF is considerably higher
because of densification that occurs during
application in a building. Since the foam is
sprayed on walls/roofs in multiple passes,
thin films of more dense foam form between
the layers. This densification also occurs at
the substrate and at the free surface (skin).
Figure 2 shows the densification of foam
that occurs after SPF is applied. For ease of
reporting, the nominal density will be used
when describing foams throughout this re-
port. The density of the foam is calculated
based on the specific gravity of ocSPF and
ccSPF, combined with installers’ reported
volume blown. Based on industry MSDS data
for 2.0 Ib/ft3 (32 kg/mq) ccSPF and 0.5 Ib/At3
(8 kg/md3) ocSPF systems, the reported spe-
cific gravity for the A side, open-cell B side
(low density), and closed-cell B side (medium
density and roofing), are 1.10, 1.22, and
1.17 respectively. Since 55 gallon (208 I)
drums of each A and B side are used, the
total weights of foam ingredients typically
used are shown below. Based on industry
safe practices and input on drum filling,
51 gallons (193 1) is the amount of material
typically contained in a drum. Table 3 shows
the material weights, converting the specific
gravities using a density of water at
8.33 Ib/gal (1 kg/l).

This calculated density is slightly higher than
the actual density because losses occur dur-
ing foaming. Water vapor, as well as some
CO, and HFC blowing agents are released
when the liquid ingredients combine and ex-
pand. The mass of HFC escaping is simply
calculated by multiplying the HFC content of
the foam with the assumed rate of emission
at installation. CO, is also liberated as a

Fig. 2: Cross-section of ccSPF insulation with layers
of various densities
v (Courtesy: collectspace.com)

result of the reaction between water and iso-
cyanate. This mass is calculated differently
for ccSPF versus ocSPF. In the case of
ccSPFs, all the B side water reacts with iso-
cyanate. The molar ratio of CO, to water is
44/18 or 2.44, so assuming that the B side
formulation contains 1.75 % water, 497 Ibs
(225 kg) of B side (as calculated in table 3)
would yield 0.021 Ibs (9.5 g) CO,/Ib ingred-
ents or 2.1 % loss.

In the case of ocSPF, only a fraction of wa-
ter reacts with isocyanate. Typically, half
pound or low density SPF is formulated with
an excess of water in the B side beyond
what is needed for reaction. Generally,
about 25-35 % of the water is consumed
by reaction with isocyanate, and the rest is
converted to steam during the exothermic
foaming process. Assuming that the B side
formulation contains 17.5 % water and 25 %
of it reacts, 467 Ibs (212 kg) of B side
would yield 0.051 Ibs (23 g) CO,/Ib ingredi-
ents or 5.1 % loss. Both the yield losses
calculated above and installation trim scrap
increase the raw materials and processing
upstream needed to achieve the specified
1 m? with a thickness that provides Ry, = 1,

so the mass calculation is scaled upward to
account for these losses. Average installed
volume and scrap losses are based on sur-
veys and input from SPF installers. It is as-
sumed that the thermal resistance increases
in a fixed ratio with foam thickness, and thus
the mass of foam for each reference flow
can be calculated. As noted previously, to
achieve 1 m? with a thickness that provides
R = 1, the different foam products require
unique reference flow mass values. Table 4
shows the reference flows and physical
properties.

2.4 Data inventory sources

Primary data were collected from six formu-
lation locations and six installation contrac-
tors. In addition to primary data, the model
utilizes GaBi 5 (Ganzheitliche Bilanzierung,
German for holistic balancing) background
data.
2.4.1 Fuels and energy -
background data

National averages for electricity grid mixes
are from the GaBi 5 database. For each of

. Low density | Medium den-| Roofing,

HILER) | i 0cSPF | sity ccSPF |  ccSPF

Target R value h-ft2-°F/Btu 5.68 5.68 5.68
Tab. 2: > Foam R value |h-ft2-°F/Btu per inch 3.6 6.2 6.2
Reference flows — 1 m? : :
with specified thicknesses Thickness inches 1.58 0.92 0.92
V Tab. 3: Calculated weights of foam ingredients

| Low density ocSPF | Medium density ccSPF | Roofing, ccSPF

1.22 x 8.33 Ib/gal x 51 gal =

At 518 b (235 kg)

1.22 x 8.33 Ib/gal x 51 gal =
518 1b (235 kg)

1.22 x 8.33 Ib/gal x 51 gal =
518 1b (235 kg)

1.1x 8.33 Ib/gal x 51 gal =

P 467 1b (212 kg)

1.17x 8.33 Ib/gal x 51 gal =
497 Ib (225 kg)

1.17x 8.33 Ib/gal x 51 gal =
497 Ib (225 kg)

Total drum set

518 + 467 = 985 Ib (447 kg)

518 + 497 = 1,015 Ib (460 kg)| 518 + 497 = 1,015 Ib (460 kg)

V Tab. 4: Mass values and intermediate calculations of reference flows

Medium density

Property Units Low density ocSPF ccSPF | Roofing, ccSPF
Thickness inches 1.58 0.92 0.92
Nominal density Ibs/ft8 0.5 2 3
Average installed volume bd ft/drumset 14,000 4,100 2,800

p (actual density) Ibs/ft3 0.84 2.97 4.35

Yield loss wt. fraction 0 - 1 0.05 0.03 0.03
Scrap wt. fraction 0 - 1 0.08 0.04 0.02

Mass Ibs 1.31 2.55 3.67
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the formulation manufacturers and for SPF
installation, the most recent US national
average energy data from the GaBi 5 data-
base are used.

2.4.2 Transportation

Average transportation distances and modes
of transport are included for the transport of
the raw materials to formulation facilities, as
well as to the construction site and disposal
at end-ofife. The GaBi 5 database was used
to model all transportation and fuel produc-
tion. Truck transportation within the USA was
modeled using the GaBi US truck transporta-
tion datasets. The vehicle types, fuel usage,
and emissions for these transportation pro-
cesses were developed using a GaBi model
based on the most recent US Census Bureau
Vehicle Inventory and Use Survey (2002) and
US EPA emissions standards for heavy
trucks in 2007.

2.4.3 Allocation

As most SPF formulators create more than
just the chemicals needed for SPF, mass al-
location of the facility’s total life cycle inven-
tory was performed based on the annual
output mass of the products created. Alloca-
tion of upstream data (energy and materials)
in the GaBi 5 database is as follows:

e For all refinery products, allocation by
mass and net calorific value is applied.
The manufacturing route of every refinery
product is modeled and so the burden

V¥  Fig. 3: PED by embodied life cycle phase (1 m?, Ry, = 1)

for producing these products is calcula-
ted specifically. Two allocation rules are
applied:

1. The raw material (crude oil) consump-
tion of the respective stages, which is ne-
cessary for the production of a product or
an intermediate product, is allocated by
total energy based on the calorific value
of the product.

2. The energy consumption (thermal ener-
gy, steam, electricity) of a process, e. g.
atmospheric distillation, being required
by a product or an intermediate product,
are charged to the product according to
the share of the throughput of the stage
(mass allocation).

e Materials and chemicals needed during
manufacturing are modeled using the
allocation rule most suitable for the re-
spective product. For example, the major
raw material used to produce SPF, pMDI,
was developed in the American Chemistry
Council (ACC) study using mass allocation
by assigning environmental burdens (ener-
gy, GHGs, etc.) to the product (pMDI) and
its co-product (HCI) [4]. Further informati-
on on a specific product is available from
GaBi documentation [5].

2.4.4  Cut-off criteria
The cut-off criteria used for including or ex-
cluding materials, energy and emissions data

of the study are as follows:

e Mass: If a flow is less than 1 % of the
cumulative mass of the model it may be

excluded, providing its environmental
relevance is not a concern.

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

¢ Environmental relevance: If a flow
meets the above criteria for exclusion,
yet was identified by LCA experts as a
potentially relevant contributor, a proxy
life cycle inventory (LCI) with conservative
environmental burdens was chosen (high
burden per unit compared to typical ingre-
dients). If the proxy datasets exceed the
1 % individual cut-offs, additional research
or justification is necessary.

The sum of the excluded material flows did
not exceed 5 % of mass, energy or environ-
mental relevance.

2.5 Data quality

2.5.1 Representativeness

Efforts were made to use representative
data for the embodied phases associated
with SPF manufacturing, formulation, trans-
portation, installation and end-of-life in North
America, as follows:

e Technology: In the study, representative
formulas based on SPFA and production
technologies for US manufacturing/formu-
lation of the SPFs are used. Profiles from
the GaBi 5 software database are utilized
for other ancillary or process materials

V  Fig. 4: GWP by embodied life cycle phase (1 m?, R = 1)
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such as the production of chemical stock,
fuels, power, and regional grid mixes.
Access to the most recent US datasets
for polyester polyol was granted through
permission of the manufacturers or asso-
ciations which have recently completed
LCAs of their products [6].

e Time Period: Installation and formulati-
on data were collected from 2010 yearly
totals. Secondary data for most primary
material components is from 2006 or
more recent.

e Geography: The geographical coverage
of this study is SPF insulation manufactu-
ring and installation in North America. Due
to data availability and quality, US-based
datasets are used in the model where
appropriate.

2.6 Embodied phases life cycle impact
assessment results

Table 5 shows an overview of the impacts.
The results are displayed for 1 m? of insula-
tion material with a thickness that yields
Ry = 1. The “low density 17, “medium den-
sity 1” and “roofing” are generic or aggre-
gate formulation data developed by SPFA
supplier members by a consensus process.
The “low density 2" and “medium density 2"
are based on generic formulations from the
Center for the Polyurethanes Industry (CPI),
which are the same formulations used in the
current CPl emissions and exposure studies.
The CPI formulations are not used in subse-
quent use phase energy savings and impacts
avoided calculations in section 5 of this re-
port, but are provided here for comparison.

Since energy and GWP aspects are typically
of greatest interest to most stakeholders,
figures 3 and 4 show the primary energy
demand (PED) and GWP by embodied phases
of the life cycle. For medium density and roof-
ing foams, the release of the blowing agent
HFC-245fa contributes approximately 85 %
of the GWP in the embodied phases. Because
this emission has such a large effect on GWP
and because blowing agent emissions are
fairly uncertain, sensitivity analysis was used
to evaluate the effects of different blowing
agent loss rates on the product footprint re-
lated to the embodied phases. For the low

density foams, and for the other impact cat-
egories considered for medium density and
roofing foams (non-GWP), about 90 % of the
embodied phase impacts are related to up-
stream raw materials. Figure 3 shows the
primary energy demand impacts of all foams.
Results look very similar for other impact
categories, except climate change indicated
by GWP in figure 4, which highlights the
blowing agent effect on the embodied phas-
es GWP. Figure 4 also shows results based
on the assumption that 50 % of the total
blowing agent (HFC-245fa used in medium
density and roofing foams) is emitted eventu-
ally, with 10 % emitted during installation,
24 % emitted during lifetime in building, 16 %
emitted during end-of-life and thus 50 %
remaining in the product.

Since HFC-245fa has a GWP factor of
1,030 kg CO, equivalent/kg, the emissions
dominate the climate change results of the
embodied phases. Based on research of
foam insulation and HFC-245fa, assumptions
of the emission rates varied from 25-75 %.
This study assumes an emission rate of
50 %, which is in line with the value used in
the Polyisocyanurate Insulation Manufactur-
ers Association (PIMA) study [6]. Since this
value is an assumption, a sensitivity analysis
was performed.

Figure 5 shows how the climate change
results for embodied phases are affected by
the emission rate of this blowing agent. As
discussed in section 6.4, new generation
blowing agents for ccSPF (medium density
and roofing foam) have been developed and
are in the process of being commercialized.

The GWP for some new generation blowing
agents is reported to be over 100 times less
than conventional blowing agents [8]. Refer-
ring to figure 4, the climate change impact
of medium density and roofing foams using
these new low GWP blowing agents would be
similar to the low density foams. The embod-
ied phases report (PE International, 2012)
provides similar details on the other impact
categories (acidification, eutrophication,
ozone depletion, and smog creation), as well
as detailed breakdowns of the life cycle im-
pact contributions of specific chemicals to
the raw materials phase. As expected, the
embodied life cycle impact contributions of
the key raw material that makes up 50 % of
the SPF, pMDI, has the most significant ef-
fect on the raw material phase life cycle im-
pacts. The impacts contributed by the raw
materials and other embodied phases are
relatively insignificant when the entire use
phase is considered. The embodied phases
contribute only a small fraction of the im-
pacts compared to the more significant en-
ergy savings and GHG/other impacts avoid-
ed in the use phase.

Finally, it is recognized that variation in the
R value and density of SPF influences the en-
vironmental impacts. SPF formulators report
a range of R values and densities achieved
which are specific to individual products. To
determine the effect of this variability on the
LCA results, a sensitivity analysis was per-
formed on the primary energy demand to
calculate the impacts based on the minimum
and maximum reported R values and densi-
ties. Also, the SPFA compiled a range of pub-
lished density and R value information for SPF

V¥ Tab. 5: Overview of life cycle impact per reference flow (1 m?, Ry = 1), embodied phases

Medium

| Lo.w | Lo_w | Medf'um | . | Roofing
density 1 density 2 density 1 density 2

Reference flows

Mass / Ibs 1.31 1.31 2.55 2.55 3.67

Thickness / inches 1.58 1.58 0.92 0.92 0.92

Life cycle impacts per reference flow

Primary energy from resources / MJ 50.5 51.3 94.8 95.5 136.7

Climate change / kg CO, equivalent 2.4 2.4 27.6 23.7 34.3

Acidification / kg H* moles equivalent 0.396 0.399 0.78 0.755 1.073

Eutrophication / kg N equivalent 4.33E-04 4.39E-04 8.99E-04 9.11E-04 1.33E-03

Ozone depletion / kg CFC11 equivalent | 6.59E-08 6.70E-08 1.15E-07 1.18E-07 1.67E-07

Smog creation / kg O, equivalent 0.094 0.095 0.18 0.185 0.267
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from ICC Evaluation Service (ICC-ES) reports
[9]. The values used for calculating best and
worst case scenarios come from that re-
search [10]. Table 6 shows the values used
to calculate the results.

It is not surprising that increasing R value of
a foam product decreases the mass required
and therefore its burden. Results also show
that as the density increases, the impacts
increase, therefore, the highest burden sce-
nario for each foam type occurs with maxi-
mum density values and minimum R values,
while the lowest burden scenarios are those
with the minimum density and maximum
R value. As shown in figure 6, the minimum
impacts range from 85-91 % of the impacts
found in the study. Conversely, the maximum
impacts range from 114-140 % of the im-
pacts found in the study. As the R values and
density affect all impacts equally, this sensi-
tivity applies to all impacts. It is important to
note that the best case and worst case sce-
narios are not equidistant from the study
results.

Nominal density 0.42

3. SPF applications

There are three main types of SPF used in
the US construction industry for insulation
and roofing systems based on material den-
sity and cell structure. Open-cell or low den-
sity SPF has a nominal density of
0.4-0.7 Ib/ft3 (6-11 kg/m3). These foams
use water as the blowing agent. Since this
material has an open-cell structure, the cells
are filled with air, and the thermal resistivity
is in the range of R3.6-R4.0 per inch.
OcSPF is permeable to moisture and may
need a vapor retarder in cold climate build-
ing applications. However, ocSPF is air im-
permeable and can serve as an air barrier
material at certain thicknesses. Closed-cell
or medium density SPF has a core or nomi-
nal density ranging from 1.7-2.3 Ib/ft3.
(27-37 kg/m?3). 90 % or more of the foam
cells are closed. Fluorocarbon blowing
agents are used in the B side and convert to
a gas from the heat of the reaction to ex-
pand the cells. Like a double-pane insulated
window, this low thermal conductivity fluoro-

0.5 0.57

Low density ocSPF Actual density 0.73 0.86 0.99
R value 4.2 3.6 3.2
Nominal density 1.8 2 2.8
Medium density ccSPF | Actual density 2.81 3.12 4.37
R value 7 6.2 5.8
Nominal density 2.5 3 3.8

Roofing, ccSPF Actual density 4.36 4.58 5.24 < Tab. 6:

Fig. 5: Sensitivity analysis of HFC-245fa emissions, embodied life cycle phase

v (12, Ry =1)

v

carbon gas helps yield a thermal resistivity
between R5.8-R6.8 per inch. Medium den-
sity SPF is resistant to water absorption and
effectively impermeable to moisture and air.
In addition, medium density foams have mea-
sureable stiffness and strength and can pro-
vide a moderate increase in the structural
performance of certain building assemblies
[11-13]. Like medium density foams, the
third category of SPF, roofing foam, has a
closed-cell structure using the same captive
fluorocarbon blowing agents. The major dif-
ference between roofing SPF and medium
density SPF is the foam density. Roofing
foams have nominal densities typically rang-
ing from 2.5-4.0 Ib/ft3 (40-66 kg/m3). This
increased density provides a higher com-
pressive strength when installed on top sur-
faces of low slope roofs.

3.1 SPF in residential homes

SPF expands in place providing both insula-
tion and an air barrier. This in-place expan-
sion fills cracks, gaps and penetrations in
the building envelope. It can be used in the
same envelope applications as fibrous insula-
tions, but due to its adhesive properties, it
can be used in several additional locations
unsuitable for fibrous insulations, such as
under floors and below roof decks to create
more energy-efficient unvented attics. In the
use-phase analysis, covered in section 5,
both low and medium density SPF were con-
sidered interchangeably to provide interior
insulation for walls, floors and roofs of newly-
constructed wood-frame homes. The thick-

Fig. 6: Sensitivity of PED from best to worst case density and R values
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ness of the SPF insulation was varied by lo-
cation to provide minimum R values pre-
scribed by the 2009 International Residential
Code (IRC) [9].

3.2 SPF in commercial buildings

While low and medium density SPF can be
used as an interior insulation in commercial
buildings and medium density SPF exclu-
sively on the exterior, a common commercial
building application for SPF is for new and
replacement low-slope roof applications. SPF
can be used in new buildings or it can be
directly applied over existing roof systems.
SPF roofing is typically applied at a thickness
of 1-2 inches (2.5-5 cm), and tapered to
control drainage. After application, it is im-
mediately covered with one of several poly-
meric coatings to protect it from UV light and
surface abrasion. In the use-phase analysis
of this study, roofing SPF was used to pro-
vide additional insulation to the exterior side
of a low-slope roof on a typical 1980’s strip
mall building in Houston, TX; Richmond, VA;
and Minneapolis, MN, USA. The thickness of
the SPF insulation was used to increase the
continuous R value of the existing roof from
R4 to both R12 and R20, to be compliant
with the ASHRAE 90.1-2010 energy code
[14].

4. Use phase: whole building
energy simulation

4.1 Simulation methods

For this study, two different energy simula-
tion programs were employed. These simula-
tions were conducted on typical buildings to
evaluate the energy savings using SPF. For
residential homes considered in this study,
EnergyGauge Software was used; for a typi-
cal type of commercial building (strip mall),
US DOE EnergyPlus Software was used. All
simulations were performed by Sustainable
Solutions Corporation of Royersford, PA,
USA, under guidance of a registered profes-
sional engineer, and independently evaluated
by Steven Winter Associates of Norwalk, CT,
USA. The details of these simulations are
summarized in separate reports [17].

4.2 Simulation basis and results

4.2.1 Residential

For this study, a typical [18] 2,434 ft2
(~ 226 m?) two-storey wood-framed home
was modeled using the EnergyGauge pro-
gram. With the exception of insulation and air
infiltration levels, all other aspects of the
home remained unchanged. The residential
energy modeling documented in the energy
simulation reports compared the use phase
of a SPF insulated home to two baselines:
zero insulation and conventional fibrous insu-
lation. However, since comparable embodied
phase life cycle results for fibrous insulation
are not available, an evaluation of the entire
life cycle (embodied and use phases) for con-

ventional insulation was not conducted.
Therefore, this report shows results for a
baseline home with no cavity insulation ver-
sus SPF insulation. Air infiltration rates for
the baseline home and those with SPF insula-
tion are given in table 7. For SPF insulation,
two cases were modeled. Case 1 and case 2
used SPF insulation to provide the same
R value as conventionally insulated homes,
but the infiltration rate was lowered to
0.1 ACH, based on average infiltration rates
measured for homes using SPF [19]. As de-
scribed in table 7, case 1 applied insulation
to the attic floor, while case 2 applied insula-
tion under the roof deck to create an unvent-
ed attic. Case 1 was assumed for all three
climates, whereas case 2 was modeled only
for the Houston climate (IECC zone 2A).

V Tab. 7: Descriptions of residential energy modeling cases

Case Description

Baseline Typical new home construction, no added insulation, using maximum climate-zone dependent infil-
tration rate from IECC 2009 Section N1102.4.2.1 (0.43, 0.33 or 0.32 ACH)

Attic floor SPF insulation with whole house ventilation, insulation applied to attic floor, using infiltration rate

from NAHB study (0.1 ACH ). Some exposed HVAC ductwork in vented attic.

Unvented attic
(UVA)

SPF insulation whole house ventilation, insulation applied to underside of roof deck and over roof
rafters to create unvented attic enclosing entire HVAC system inside building envelope, using infil-
tration rate from NAHB study (0.1 ACH )

V Tab. 8: Key results from the residential energy modeling

0 0 one

A 00 A D D
Attic floor insulation 0 R30 0 0
Roof deck insulation R30 0 R38 0 R49
Wall construction 2x4 16"0c | 2x4 16"0c | 2x4 16“oc | 2x4 16"oc | 2x4 16"oc | 2x6 16"oc | 2x6 16"0oc
Wall insulation (cavity) 0 R13 R13 0 R13 0 R19
Ventilation / efficiency/cfm | Exhaust (7255‘/5) (75%/5 ) Exhaust (725\5/5 ) Exhaust (7255‘/5)
Air infiltration / ACH, 0.32 0.1 0.1 0.33 0.1 0.43 0.1
HERS score 129 88 75 122 70 138 66
Annual cooling / kWh 7,087 4,781 3,489 3,665 2,439 1,933 1,062
Annual heating / kWh 2,667 934 782 778 482 1,732 807
Annual heating / thm 0 0 0 994 244 2,217 579

V Tab. 9: Key results from commercial building energy analysis

Houston (zone 2A)

Richmond (zone 4A) Minneapolis (zone 6A)

Roof deck insulation R4 R12 R20 R4 R12 R20 R4 R12 R20
Ventilation fans / kWh 20 16 14 18 14 13 21 18 17
Space cooling / kWh 123 101 92 107 87 78 101 87 81
Annual heating /thm | 2,900 | 2,500 | 2,300 | 9,800 | 8,400 | 8,000 | 23,000 | 20,000 | 19,100
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Minimum prescriptive R values are used for
SPF insulation per the 2009 IRC, Chap-
ter 11, for each location. The effect of SPF
versus no insulation is the R value combined
with significantly reduced air infiltration due
to the air sealing properties of SPF. Although
the comparison is not shown for reasons
noted, we believe the air sealing and infiltra-
tion rates of SPF would be superior, as SPF
will allow less infiltration compared to con-
ventional insulation, based on air permeance
data for these materials. When comparing
SPF to no insulation, there will be a signifi-
cant increase in R value for the wall and ceil-
ing assemblies as well as the same improve-

ment regarding infiltration rate. Sustainable
Solutions Corporation evaluated multiple
studies and data sources to identify an ac-
curate infiltration rate for conventionally insu-
lated new homes and SPF insulated new
homes [20, 21]. The model home for each
climate zone is a typical construction for the
home size and type based on NAHB Builders’
Practices Survey and the prescriptive re-
quirements of the 2009 IECC Energy Code.
This approach provides a better understand-
ing of the typical energy usage in each re-
gion. Extracts of the residential modeling
input and results follow below. The key
results are provided in table 8.

V Fig. 7: Life cycle primary energy from non-renewable resources (MJ), 60 years
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Commercial building (SPF insulation roof retrofit)

-10,000,000 ocSPF CCSPF Residential R4-R20 RA-R20 saved R12-R20 R12-R20
embodied embodied saved embodied embodied saved
m Houston -46,634 92,588 2,971,391 -804,334 44,264,207 -402,167 12,130,480
= Richmond -53,791 -106,799 6,861,794 -804,334 45,092,301 -402,167 11,294,047
Minneapolis | -72,640 -144,223 14,101,602 -804,334 53,231,945 -402,167 11,518,486

V  Fig. 8: Life cycle GHG emissions (kg CO, equivalent), 60 years
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el 0cSPF CcSPF Residential R4-R20 R4-R20 R12-R20 R12-R20
embodied embodied avoided embodied avoided embodied avoided
= Houston -2,225 -26,956 205,423 -201,967 3,018,338 -100,983 824,689
m Richmond -2,567 -31,093 422,128 -201,967 2,991,984 -100,983 752,929
Minneapolis -3,467 -41,989 860,775 -201,967 3,387,501 -100,983 733,611
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4.2.2 Commercial

For this study, a typical 1980’'s vintage
22,500 ft? strip mall (US DOE Reference
Building) was modeled. The commercial en-
ergy modeling compared the building using
two baselines: existing R4 roof deck insula-
tion (R4 baseline) and existing R12 roof deck
insulation (R12 baseline). It is assumed that
these baseline roof deck insulation levels are
typical for this 30 year old building. A SPF
roofing system was applied to increase the
total roof deck insulation to R20, as required
by ASHRAE 90.1-2010. Since little data exist
for air leakage using different roofing sys-
tems, the air infiltration values used in the
analysis were held constant for all cases. Al
other aspects of the building, with the excep-
tion of roof deck insulation levels, were held
constant. Key results are provided in ta-
ble 9.

5. The complete life cycle
picture

5.1 The SPF insulation life cycle

The entire SPF insulation life cycle consists
of cradle to end-of-life phases for making,
processing, transporting, installing, using,
and finally disposing of SPF insulation at end-
of-life. The SPF insulation life cycle was
divided into the following five key phases:

1. Raw materials manufacturing and
blending

. Transportation

. Installation

. Use phase

. End-of-life.

oA~ W

The results in section 2 focus on the em-
bodied phases of a product, i. e. energy
and environmental impacts associated with
phases 1, 2, 3, and 5. Also, section 2 cov-
ers environmental impacts associated with
blowing agent emitted during use (phase 4),
as well as blowing agent emitted in phas-
es 3 and 5. Standard life cycle inventory
and impact assessment methodology de-
scribed in ISO LCA standards [1, 2] are
used for estimating these environmental



impacts. As in any comprehensive life cycle
assessment, the embodied phases and
their associated impacts do not tell the
whole story since the energy saved and en-
vironmental impacts avoided during insula-
tion use must be considered. Determining
energy savings and environmental impacts
avoided during insulation use requires a dif-
ferent methodology not covered in
ISO 14040/44, sometimes called whole
building energy simulation/modeling or
analysis. The whole building energy model-
ing uses the simulation tools described in
section 4 of this report. Combining energy
and environmental impacts generated in the
embodied phases (section 2) with the en-
ergy and environmental impacts reduced
during SPF insulation use (section 4) pro-
vides a complete picture of the SPF insula-
tion life cycle.

5.2 Life cycle impacts and scenarios

The following sections focus on the total
SPF insulation life cycle for each of the fol-
lowing environmental impact categories:
PED, climate change, acidification, eutrophi-
cation, ozone depletion and smog creation.
Typical applications used to demonstrate
life cycle results for each of the above six
categories in climate zones 2, 4, and 6
were the walls and roof/ceilings of new
residential housing and a commercial roof
retrofit [3]. Regarding new residential hous-
ing applications, results for embodied
phase impacts (energy resources, green-
house gas emissions generated, acidifica-
tion generated etc.) are combined with the
use phase (energy saved, greenhouse gas
emissions avoided, acidification avoided
etc.) for residential houses in each climate
zone. A house with a baseline case of no
cavity insulation versus SPF insulation per
code is used to demonstrate the value of
SPF insulation on a new house. The com-
parisons for a commercial building [22]
roofing retrofit located in each climate zone
include a strip mall roof with a base case of
R4 roof insulation versus additional SPF
roof insulation to bring the total to R20, and
a base case of R12 roof insulation versus
additional SPF roof insulation to bring the
total to R20.

5.3 Life cyle impacts of SPF insulation
on residential houses and com-
mercial buildings

Figures 7 through 12 show the total LCI for
each impact categories for a new residential
house with open-cell (low density) and
closed-cell (medium density) SPF insulation
compared to no cavity insulation. Also shown
for each impact category are results for a
commercial building roof insulation retrofit,
where SPF is added to existing R4 and R12
baseline insulation levels to bring the total to
R20. The magnitude of energy savings,
GHGs and other environmental impacts

avoided for the commercial building roof ret-
rofit is significantly greater than that for the
residential housing.

The primary reason causing this significant
difference in the magnitude of energy sav-
ings results from a commercial roof insulat-
ed area that is approximately ten times
greater than the insulated area of the resi-
dential house modeled. In the case of all
impact categories, the embodied energy and
environmental impacts are small when com-
pared to the much greater energy savings
and environmental impacts avoided during
insulation use for 60 years.

V Fig. 9: Life cycle acidification (moles H* equivalent), 60 years
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| 0ocSPF CcSPF Residential R4-R20 R4-R20 R12-R20 R12-R20
embodied embodied avoided embodied avoided embodied Avoided
m Houston -0.366 -0.761 48.969 -6.306 667.754 -3.153 179.337
m Richmond -0.422 -0.878 35.927 -6.306 557.951 -3.153 144.977
Minneapolis -0.570 -1.185 63.887 -6.306 445.195 -3.153 97.239

V Fig. 10: Life cycle eutrophication (kg N equivalent), 60 years
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=0 ocSPF CcSPF Residential R4-R20 R4-R20 R12-R20 R12-R20
embodied embodied avoided embodied avoided embodied avoided
m Houston -0.40 -0.88 20.05 -7.83 282 =319 76
m Richmond -0.46 -1.01 25.03 -7.83 253 3197 65
Minneapolis -0.62 -1.37 48.69 -7.83 240 -3.92 52
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5.4 Life cycle payback analysis

Table 10 shows the energy saved/embodied
and GHG avoided/embodied ratios and pay-
back periods in detail for both the residential
and commercial scenarios, as energy with its
cost implications and climate change are
typically of interest to many stakeholders. As
seen, when the ratio of energy saved or GHG
avoided is higher, the payback is lower. Since
the use phase savings or GHG avoided are for
a 60 year period, the ratio is the reciprocal of
the payback period times 60. For example, in
Richmond, the ocSPF saved/embodied ener-
gy is 127.6, and the reciprocal or ocSPF

embodied/saved ratio is 0.0078, which also
indicates the negligible embodied energy
compared to the savings. Multiplying by
60 years yields the payback of 0.5 shown in
the table. Houston clearly has higher energy
payback periods, even though this zone has
the lowest embodied energy. The higher em-
bodied energy in the other zones results from
higher volumes of insulation required, i. e. 1.3
and 1.6 times the volume of insulation is re-
quired in Richmond and Minneapolis, respec-
tively, compared to Houston. However, the
energy savings achieved by SPF insulation in
the Richmond and Minneapolis houses is
2.3-4.8 times greater than the energy sav-

V Fig. 11: Life cycle ozone depletion (kg CFC11 equivalent), 60 years
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Fig. 12: Life cycle smog creation (kg O, equivalent), 60 years
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ings in Houston. This is expected since heat-
ing energy saved in Richmond/Minneapolis far
overwhelms the cooling energy saved in
Houston by installing SPF to required code.

The higher ratios of saved/embodied energy
(2-3 times higher in Richmond and Minne-
apolis vs. Houston) is an indication of just
how much more energy is saved by air-im-
permeable insulation in the temperate/cooler
climate zones. CcSPF insulation has energy
payback periods ranging between 0.6 and
1.9 years, while ocSPF insulation has energy
payback periods between 0.3 and 0.9 years.
The main reason for the difference is that
embodied energy for ccSPF insulation is
about twice as high compared to ocSPF in-
sulation installed to the same R value. The
higher embodied energy for ccSPF versus
ocSPF results from a ccSPF density that is
3.5 times greater than ocSPF, even though
ocSPF requires 1.7 times the insulation vol-
ume compared to ccSPF insulation.

Regarding the residential GHG paybacks,
Houston has longer payback periods, and the
trends follow those discussed above for
energy payback. GHG payback periods for
ccSPF range from 7.3-8.3 years, depending
on climate zone. GHG payback periods for
0cSPF range from 0.2-0.7 years. The dispar-
ity between GHG payback periods for ccSPF
and ocSPF is primarily due to impact from the
fluorocarbon blowing agent used in ccSPF
(GWP approximately 1,090 CO, equivalents)
compared to the CO, generated when water
is used as the blowing agent in ocSPF (GWP
=1 kg CO, equivalents as the 1,090 CO,
equivalents). When it comes to the amounts of
insulation on a commercial roofing retrofit, the
embodied energy and GHGs of the ccSPF in
going from R4 to R20 (additional R16) are
twice that of the R12 to R20 (additional R8)
case. However, the energy saved and GHG
avoided with twice the amount of insulation are
about 3.5-4.5 times greater. As expected,
there are diminishing returns when more insu-
lation is added, as retrofitting from R4 to R12
achieves 70-80 % of the total energy savings
of an R4 to R20 retrofit. However, the magni-
tude of additional energy savings achieved
from R12 to R20 are still quite significant i. e.
11-12 million MJ (10.4-11.4 billion Btu).



In general, the additional R8 and R16 sce-
narios across climate zones show similar
energy and GHG paybacks for all cities, indi-
cating that installing both amounts of ccSPF
on a commercial roof yield similar benefits in
all zones. As expected due to heating ener-
gy, installing ccSPF on the roof results in
energy savings and GHG avoided that is in-
creasingly greater going from Houston to
Minneapolis. For example, when an addi-
tional R16 is installed, this results in an en-
ergy savings/embodied ratio of 66.2 and an
avoided GHG/embodied ratio of 16.8 in Min-
neapolis. There is a much greater amount of
natural gas heating energy saved for the
commercial building in Minneapolis, where
2.4-7 times the natural gas energy is re-
quired compared to Richmond and Houston,
respectively. Thus, energy savings and GHG
avoided increase more in the colder climate
zones, but the benefits are still significant in
all zones.

Table 11 shows the avoided/embodied ra-
tios and payback periods for the other im-
pact categories, where the minimum and
maximum values within the other four cate-
gories combined are given. For residential
applications, ccSPF has a higher payback
time of 0.9-4.8 years among all three cit-
ies, because of ccSPF insulation’s higher
density despite the lower thicknesses re-
quired to meet R value levels. Geographi-
cally, Houston generally has a lower payback
time for both ocSPF and ccSPF than Minne-
apolis and Richmond in residential applica-
tions, as the embodied aspects for Houston
are the lowest (since less insulation is re-
quired) and Houston uses the most electric-
ity versus the other zones. Since the other
impacts’ characterization factors for electric-
ity are 4—10 times greater than those for
natural gas, the impacts avoided in Houston
for saving electricity have a dominant effect
in reducing the payback times for that cli-
mate zone. Compared to Houston, electricity
saved in Richmond is about a third even
though more natural gas is used. However,
since electricity has more intensive impacts
versus natural gas per MJ energy saved in
these four categories, less amounts of elec-
tricity saved leads to a higher payback peri-
od in Richmond. Thus, the environmental

388

impacts reduced by using insulation depend
significantly on the type of energy used.

For commercial roofing applications, Hous-
ton has the lowest payback times since elec-
tricity use is greater than in the other two
zones and the impacts avoided by saving
electricity are greater than those for natural
gas, as discussed above. However, Minne-
apolis has the highest payback time in com-
mercial roofing applications due to the rela-
tive amount of electricity used in the Minne-
apolis building being lower than the other
zones, and thus there are lower impacts
avoided from relatively lower electricity use,
resulting in higher payback times. Again, just
as shown in the residential scenarios, the
proportion of electricity and natural gas use
combined with the higher impact character-
ization factors for electricity has a significant
effect on environmental impact reduction.

6. Observations and
conclusions

6.1 Use phase dominates energy and
environmental performance

Although reductions in life cycle impacts vary
by class of SPF, building type, climate zone/
code requirements, type of building operat-
ing energy used etc., the use phase is by far
the largest life cycle contributor for all im-
pacts studied. Embodied impacts are a small
fraction of the impacts reduced in the use
phase, and the payback periods are rela-
tively short, typically ranging from several
months to several years. Embodied impacts
from transportation, for example, are even

more negligible, as transportation typically
accounts for only 2-5 % of the total embod-
ied phases for most impact categories.
Thus, from an environmental improvement
perspective, we believe this study shows
that it makes sense to promote and further
expand the use of SPF insulation based on
its performance, which results from superior
thermal resistance and air sealing capabili-
ties. Reducing impacts in the embodied
phases may be desirable from a theoretical
viewpoint, but it will have relatively little envi-
ronmental impact compared to benefits of
using SPF in residential housing and com-
mercial buildings.

6.2 Energy type for operating build-
ings affects environmental impacts
avoided in the use phase

Based on the US average electric power mix
and thermal energy from natural gas, life
cycle impacts from electricity use are notice-
ably greater (from several to nearly ten
times) than those associated with natural
gas. Thus, insulation will achieve relatively
greater energy and environmental impact
reductions in buildings using primarily elec-
tricity versus natural gas.

6.3 Increasing energy savings and
GHGs avoided from climate zone 2
to 4 and 6

Although energy saved and GHGs avoided
are impressive in all climate zones studied,
energy and GHG benefits are greater in the
more temperate climate zones. This is ex-
pected due to outside versus inside tem-
perature differences (more heating degree

V Tab. 10: Energy and GHG payback analysis: residential house and strip mall roof, 60 years

Houston Richmond Minneapolis
Application| SPF type |Ratio and payback

Energy | GHG | Energy | GHG | Energy | GHG

Low density | Avoided/embodied | 64 92 128 164 194 248

Residential |  °¢SPF Payback / years 0.9 0.7 0.5 0.4 0.3 0.2

insulation | pro gim den- | Avoided/embodied | 32 7.6 64 136 98 21
sity ccSPF | Payback / years 1.9 7.9 0.9 4.4 0.6 2.9

Roofing, | Avoided/embodied | 55 15 56 i3 66 17

Commercial | 4> R20 | Payback /years 1.1 4 1.1 4.1 0.9 36
roofing Roofing, | Avoided/embodied 30 8.2 28 Ve 29 7:8
R12->R20 | payback / years 2 7.3 2.1 8.0 2.1 8.3
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days) in the colder, more temperate zones.
In fact, air infiltration limits are more strin-
gent in building codes governing colder cli-
mates as a result of such temperature differ-
ences. Thus, SPF insulation with its high
thermal resistivity and sealing properties
generally has greater energy and associated
GHG benefits in colder climate zones.

6.4 Opportunities for reducing the

environmental impact of SPF
6.4.1 Primary energy from resources
Regarding embodied phases, across all
types of foam, raw materials make up about
90 % of the energy use in the embodied
phases, followed by energy used for installa-
tion. Of the raw materials used, pMDI con-
tributes about 40-45 %, followed by polyols
(30-40 %) and flame retardants (5-20 %).
When the use phase energy savings are con-
sidered, the raw materials contribution is
even less than the embodied contribution,
with the contributions of individual materials
even lower. Since the entire embodied en-
ergy contribution of insulation in the life cycle
for a house with ccSPF ranges from 3 % in
Houston to 1 % in Minneapolis, reducing the
energy contributed by the raw materials
would have no appreciable impact on the
SPF life cycle energy.

6.4.2 Climate change

In the embodied phases, the GHGs contrib-
uted by ocSPF foam are negligible, as water
is used as the blowing agent for ocSPF
foam. Assuming a 50 % emission loss for
ccSPF used as roofing foam, the blowing

agent HFC-245fa contributes about 85 % of
the GHGs in the embodied phases. The 50 %
emissions rate loss of HFC-245fa is based
on 10 % of the blowing agent lost during in-
stallation. Of the remaining 40 %, it is as-
sumed that 60 % is lost over the lifetime of
the product and 40 % at end of life [7]. When
the use phase GHG avoided is taken into ac-
count, the contribution of HFC-245fa to the
total life cycle GHG for a house ranges from
11 % in Houston to 4 % in Minneapolis for
ccSPF. Replacement of this blowing agent in
ccSPF with one having a negligible GWP
would result in GHG embodied/avoided ra-
tios ranging from 2 % in Houston t0 0.7 % in
Minneapolis. This would be more in line with
the GHG avoided when using ocSPF. Low
GWP blowing agents have been developed
and are in the process of being commercial-
ized for SPF.

6.4.3 Acidification, eutrophication,
ozone depletion, and smog
creation

The trends for environmental impacts such
as acidification, eutrophication, ozone deple-
tion, and smog creation are similar to those
for energy and climate change. Regarding
embodied phases, for all types of foam, raw
materials make up about 91-92 % of the
acidification, eutrophication and smog cre-
ation, and over 99 % of the ozone depletion
in the embodied phases. Of the raw materi-
als used, pMDI contributes most to the im-
pacts, followed by polyols and flame retar-
dants. When the magnitude of the use phase
impacts avoided are considered, the raw
materials contribution is even less than the
embodied contribution, with the contribu-

Tab. 11: Other impact categories (acidification, eutrophication, ozone depletion, smog creation) payback analysis:

v residential house and strip mall roof, 60 years
Application | SPF type | Ratio and payback Houston Richmond Minneapolis
Low density | Avoided/embodied 35-134 23-109 31-159
Faciie] 0cSPF Payback / years 0.4-1.7 0.6-2.6 0.4-1.9
insulation | o tiim den- | Avoided/embodied 19-65 13-54 17-79
sity ccSPF | Payback / years 0.9-3.2 1.1-4.8 0.8-3.6
Roofing, Avoided/embodied 29-106 25-89 20-71
Commercial | ®4=>R20 | Payback / years 0.6-2.0 0.7-2.4 0.8-3.0
roofing Roofing, Avoided/embodied 16-57 13-46 8.7-31
R12->R20 | Payback / years 1.1-38 1.3-4.7 1.9-6.9
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tions of individual materials even correspond-
ingly lower. Considering the raw materials
contribution and for a house with ccSPF, for
example, the embodied to avoided impacts
range from a maximum of 8 % (Richmond) to
a minimum of 1.3 % (Minneapolis). Thus, re-
ducing the impacts contributed by the raw
materials would have no appreciable effect
on the overall SPF life cycle impact results.
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Piedmont launches 100 % renewable
polyester polyols

Piedmont Chemical announced a new offer-
ing of renewable, sustainable polyester poly-
ols. The company combines Susterra pro-
panediol from DuPont Tate & Lyle Bio
Products (DTL) with bio-succinic acid from
Myriant Corporation to produce 100 % bio-
based polyols that are said to be functionally
equal and cost-competitive with petroleum-
derived polyols. The new polyol formulations,
which are made from renewable resources,
enable the production of eco-friendly, sustain-
able PU products in industrial applications,
including paints and coatings, adhesives and
sealants, and microcellular elastomers.

Piedmont, DTL and Myriant have agreed to an
“open innovation” concept by which the polyol
formulations will be made available to polyol
producers and the polyurethanes industry at
large. This means that customers will be able
to purchase polyols from Piedmont as well as
from other polyol producers. Piedmont will
manufacture the initial polyol product samples

and will offer commercial supply of the polyol
products to the market. The technical speci-
fication and polyol samples will be available
by year-end, says the company.

DTL commercially produces Susterra pro-
panediol from corn sugar in Loudon, TN,
USA, with a capacity of 140 million Ibs
(~ 63,500 t) per year. The plant has been
operational since November 2006. The com-
pany is a joint venture between DuPont and
Tate & Lyle, a renewable food and indus-
trial ingredients company.

Myriant utilises its proprietary technology
platform to develop renewable chemicals
based on low-cost sugars. In December
2010, the company broke ground on its flag-
ship 30 million Ibs (~ 13,600 t) per year
commercial bio-succinic acid facility in Lake
Providence, LA, USA, and anticipates begin-
ning commercial production in the first quar-
ter of 2013. The company has agreements
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with ThyssenKrupp Uhde GmbH for engi-
neering, Davy Process Technology for the
integration of Myriant’s bio-succinic acid pro-
cess with the Davy butanediol process for
the production of bio-based butanediol, and
PTT Chemical for the commercialisation of
Myriant’s technology in Southeast Asia. The
company is headquartered in Quincy, MA,
USA.

Piedmont Chemical is a privately owned
chemical manufacturer headquartered in
High Point, NC, USA. Founded in 1938 to
support the local textile industry, the corpo-
ration has since evolved into five different
production sites in North and South Carolina
as well as Tennessee with additional satellite
facilities in the Caribbean, Central America
and Asia.

|

According to a 2012 report by Global
Industry Analysts, Inc. entitled, “Poly-
ols: A Global Strategic Business Report,”
the world market for polyols is forecast
to reach 4.33 billion Ibs (~ 2 million t) by
2017.
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