
 C e l - P a k  -  C e l l u l o s e  I n s u l a t i o n  
 

1  

 
 

CEL-PAK CELLULOSE INSULATION BY  

NATIONAL FIBER: 

SUSTAINABLE HIGH PERFORMANCE INSULATION 

 

 



 C e l - P a k  -  C e l l u l o s e  I n s u l a t i o n  
 

2  

 

 

 

National Fiber’s Cellulose Insulation – Cel-Pak 
Cellulose has been used as an insulation material in the US since the 1920’s. Early cellulose insulation was a fairly 
rudimentary product - it was simply chopped up paper with coarse fire retardants.  Advances in manufacturing, 
equipment, installation techniques and a deeper understanding of how buildings perform thermally, have led to 
National Fiber’s high-performance Cel-Pak product. Cel-Pak starts with over-issue newsprint and other untreated 
and uncoated papers, which is refined into cellulose fiber and infused with a mineral, borate, which provides a 
Class A fire rating and resistance to pests and mold. Cel-Pak is the greenest insulation available, with a recycled 
content of 83% (versus (up to) 35% for fiberglass, and virtually zero for sprayed foams).  

Cel-Pak is installed during new construction, or retrofitted in older buildings, using a process called dense-packing.   
The insulation is spray applied (new construction) or blown-in (retrofit) to walls and ceilings under air pressure, 
until the cavity contains 3.5 lbs of cellulose per cubic foot.   At this density, the cellulose completely fills the cavity 
and, together with proper air sealing, prohibits air infiltration, provides superior R-Values, and protects from con-
ductive, radiant and convective losses or gains.

 
Cel-Pak Packaging 

 
Cel-Pak Ready for Installer 

 

Purpose of This Report 
Reducing thermal losses (heated air) and gains (cooled air) through weatherization and insulation is the critical first 
step in ensuring that a building is making the most efficient use of precious and expensive energy supplies, while 
reducing its impact on the environment.  Failure to weatherize and insulate often results in oversizing of heating 
and cooling systems to compensate for thermal losses, wasting energy in the process.  
 
Cel-Pak cellulose insulation conserves energy by preventing losses incurred through conduction (measured by R-
Values), as well as losses incurred by convection, radiation and air infiltration (none of which R-Values measure). 
The purpose of this report is to illustrate these and other key benefits of cellulose as compared to the perform-
ance of foam and fiberglass insulation – the two other most commonly used insulation choices in today’s market.  
 
The report begins with a review of each product’s R-Values, because R-Value is the most ubiquitous measure of an 
insulation’s performance, then moves on to other critical measures of an insulation’s performance, including smoke 
creation during fire, sound transmission, pest deterrence, moisture management, off-gassing, and blowing agents.   
 
 

 

 

Keeping Paper Out of Landfills  
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Insulation R-Values – A First Glance 
R-Value is a measure of a material’s thermal conduction, and is the most commonly encountered measure of an 
insulating material’s performance. It has taken hold in the consumer’s mind as the sole ‘yardstick’ for comparing 
competing insulation products. Based on manufacturer’s published R-Values, here’s how Cel-Pak cellulose insula-
tion compares to other common products:  
 

 
These R-Values are determined by laboratory testing. So, on the basis of R-Value alone, the consumer would be 
led to believe that cellulose is comparable to fiberglass, the same as open cell foams, and inferior to closed cell 
foams.  That assumption deserves a closer analysis. 
 
R-Values: A Deeper Analysis 
 
Insulation is, first and foremost, meant to stop the movement or transfer of heat – from the interior to the exte-
rior in winter and from the exterior to the interior in summer. The problem with using R-Value as the prime 
measure of an insulation's effectiveness is that heat moves in and out of buildings in four ways, and R-Value meas-
ures only one of them. The four ways heat moves are:  
 

• Conduction (which R-Value measures) – is the flow of thermal energy through a substance from a 
higher to a lower temperature region. (Example: If you place a metal spoon in a cup of hot tea, the spoon 
is warmed by conduction.) In the typical wood framed house, the sheetrock on the inside contacts the 
wooden studs in the walls, which in turn contacts the exterior sheathing, which contacts the siding. These 
materials form a solid path from the interior to the exterior, which, in the winter in New England, con-
ducts heat from the interior to the exterior. 

 
The better the insulation material fills the cavities between wall studs, without voids or gaps, the better 
the performance of the wall or building assembly. Conservation Services Group evaluated fiberglass batt 
installations and determined that the ‘typical’ installation resulted in a 5% void area, reducing the perform-
ance to R-11. Even when ‘best practices’ were employed, the R-value still was under R-14. Cellulose is 
sprayed or dense-packed, leaving no gaps, which results in an effective, real-world R-20 in a typical 2x6 
wall. 
 

• Convection (which R-Value doesn’t measure) – in the context of a structure, is the transfer of heat en-
ergy in a gas by movement of currents.  (Example: the heat you feel if you hold your hand above a cup of 
hot tea is a result of convection; the air above the tea is being warmed and rising to meet your hand). If 
there are continuous gaps or voids in building insulation, a convective current can be established, further 
degrading the insulation’s effectiveness.  
 
In batt type insulation systems such as fiberglass, convection will occur around these materials as tem-
peratures decrease. It is not uncommon for the wood wall studs (R-6) to outperform these materials in 
New England’s cold winter conditions. Also, in blown fiberglass applications (1.5 lbs/cf), Oak Ridge Na-
tional Labs determined that as attic air temperatures were reduced from 75 to 20 degrees1, the R-30 

                                                                    
1 "Evaluation of Attic Seal Products Applies to Loose-Fill Fiberglass in Simulated Residential Attics" by K. E. Wilkes and P.W. Childs in Aug. 1991 

How Do They 
Compare? Cel-Pak Cellulose Fiberglass 

Batts 
Open Cell Sprayed 

Foams  
(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 
Stated R-Value in 

a 2x6 wall R-20 R-19 R-20 R-33 
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rated blown fiberglass performance dropped to R-18. When cellulose was tested under these same tem-
peratures, the performance increased to R-33.62.  

 
• Radiation (which R-Value doesn’t measure) – in the context of a building structure, is electromagnetic 

waves that directly transport energy through space. (Example: sunlight is radiant heat. If you stand in the 
sun on a summer day, the heat you feel on your body has reached you by radiation.) Gaps in insulation 
and low-density insulation materials, such as blown fiberglass, allow for radiant transfer of heat and reduce 
the performance of the insulation. In very low density materials like loose blown fiberglass, heat may actu-
ally radiate right through the insulation, and this, along with convection, significantly reduces fiberglass' in-
stalled performance and occupant comfort. 

 
• Air infiltration (which R-Value doesn’t measure) – occurs because, while buildings may look solid, there 

are thousands of tiny gaps, cracks and penetrations, also known as holes. We experience this air infiltra-
tion as drafts, and they’re most notable in poorly weatherized buildings near the doors, windows and 
electrical outlets. 

 
For example, when we apply the air pressure of a 20 MPH wind on a 20 degrees F day to a building, the 
typical R-19, fiberglass insulated wall often performs no better than the wood studs (R-6) because of air 
infiltration and convection. Due to its air permeability, fiberglass insulation acts like a filter, allowing air to 
pass through, which significantly reduces its performance.  

 
The R-Values of insulation materials are measured in a lab. That would be adequate - if your home or business was 
inside a lab. But the structures we live and work in are outdoors, and that means there are factors in play like 
wind, humidity and temperature changes, and mechanical systems. These factors create pressure differences be-
tween the interior and the exterior of the building.  
 
Moving out of the lab and into the real world, where we live and work every day, the ‘lab measured’ R-Values are 
very different.  
 

 
Because cellulose inhibits all four types of heat transfer, its R-Value stays the same. Because fiberglass doesn’t in-
hibit all four types of heat transfer, its R-Value drops to R-11, or 58% of its laboratory measured value.  
 
Open and closed cell foam R-Value appears not to change, but there’s one more foam-related, real world condi-
tion to consider. Foams are virtually impossible to install to a fixed depth, e.g., the 5.5” depth of the typical 2x6 
wall cavity. To completely fill a wall cavity with foam, it must be overfilled, allowed to cure, and then trimmed. This 
is very costly, in both material and labor. In addition, foam can be challenging to trim, and the waste material must 
be bagged and disposed of in landfills. So, in common practice, installers under-fill cavities, and the foam expands 
to between 3.5” and 5”. The ‘real world’ R-Value table below takes this into account, and shows R-Values for 
foams at, respectively, 3.5” and 5” depth. 
 

                                                                    
2 "Evaluation of a Loose-Fill Cellulose Insulation in a Simulated Attic Under Winter Conditions" by K. E. Wilkes and P.W. Childs in Nov. 1991	  
3 Testing by R&D Services, an independent, third-party testing lab engaged by National Fiber as required by the Consumer Product Safety 
Commission. 
4 Conservation Services Group (CSG), an Energy Star testing provider for Massachusetts 
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Under-filling of cavities introduces additional issues, however. Under-filling creates a gap between the back surface 
of the typical sheetrock interior and the surface of the insulation. This gap allows for a host of new problems, in-
cluding convective air currents, additional thermal bridging by the studs, and the potential for condensation. 
 
Therefore, in real world applications, cellulose dramatically outperforms fiberglass, outperforms the typical (3.5” 
depth) open cell foam installation, and is near parity with the typical (3.5” depth) closed cell foam installation in 
terms of R-Value. In addition, Cel-Pak cellulose insulation offers real advantages in the cost, environmental and 
performance categories detailed below. 
 
Air Infiltration 
The next comparison point is resistance to airflow, or air infiltration. 
 

 
Resistance to air flow is a critical performance factor for insulation. As explained above, occupants experience un-
controlled airflow as drafts. Cellulose insulation is dense-packed in wall and ceiling cavities, at approximately 3.5 lbs 
of material per cubic foot of space. The ‘settled density’ of cellulose is approximately 1.6 pounds per cubic foot.  
So, simply put, cellulose is installed in enclosed building cavities at twice (2X) its settled density. This results in the 
cavity being completely filled – with no gaps or voids – and the material being under slight pressure, so if the cavity 
changes shape through building movement (drying or settling) the cellulose ‘expands’ to fill any gaps. 
 
Fiberglass batts are typically installed with gaps and voids. In addition, the low density of the material allows air to 
readily penetrate the typical installation. Because it comes in fixed sizes, it is often just a little too small for the 
cavity – which results in gaps and voids – or a little too big – which results in a compressed installation, further 
reducing its published R-Value.  
 
Foams, both open and closed cell, do a good job, at least initially, of sealing a building cavity and thus blocking air 
movement. However, because foam products are relatively rigid, structural movement may cause gaps, cracks and 
voids over time, allowing air infiltration.  
 
Appropriate for Use in Building Retrofits 
Existing buildings consume 40 percent of the energy used in the U.S., and are responsible for 40 percent of our 
nation's greenhouse gas emissions,7 making them a significant contributor to global climate change.  With a growing 
awareness of our homes’ and offices’ impact on global warming has come growing governmental support for retro-
fitting existing buildings.  Both Governor Patrick’s Zero Net Energy Buildings Task Force8 report and Vice President 
Biden’s Recovery Through Retrofit9 report outline the critical work of high performance building retrofits.   
As awareness of the importance of retrofitting existing buildings to reduce energy usage grows, it is critical that 
buildings be retrofitted for maximum benefit. Cellulose insulation is, by far, the superior choice for retrofit applica-
tions.  Fiberglass batts require removal of interior wall coverings (sheetrock, paneling, etc.) in retrofit applications. 
There is a ‘dry blown’ fiberglass product that installs in much the same way as cellulose, but it suffers from low 
densities and does a poor job of preventing air infiltration.  
 
                                                                    
5 Per testing by R&D Services, an independent, third-party testing lab engaged by National Fiber as required by the Consumer Product Safety 
Commission (CPSC.) 
6 CSG, R-11 rated fiberglass in actual installation 
7Bowles, Ian. "Getting to Zero: Final Report of the Massachusetts Zero Net Energy Buildings Task Force." (2009): 3 
8 Bowles, Ian. "Getting to Zero: Final Report of the Massachusetts Zero Net Energy Buildings Task Force." (2009): 7 
9 Recove r y  Through  Re t ro f i t . "  Midd l e  C l a s s  Ta s k  Fo r c e , C oun c i l  o n  Env i ro nmen t a l  Qua l i t y . ( 2009 ) : P r i n t .  

Actual R-Value in a 
2x6 wall R-205 R-116 R-13 to 18 R-21 to 30 
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In attics (known as an ‘open blow’ application) cellulose insulation is often installed over existing fiberglass batts, 
primarily due to the poor performance of fiberglass in preventing heated air from entering attic spaces, resulting in 
wasted energy, excess emissions, and ice damming on the roof.  
 
Sprayed foams are used primarily for new construction, as they require open cavities for application.  
 

 
 
Sound Transmission 
The transmission of airborne sound plays a significant role in occupant comfort and perception of a structure’s 
quality. Sound Transmission Class (STC) is roughly the decibel reduction in noise a partition can provide, abbrevi-
ated as 'dB'. If an 80dB sound on one side of a wall/floor/ceiling is reduced to 50dB on the other side, that partition 
is said to have an STC of 30.  The table below shows insulation performance based on the prevention of sound 
transmission. 
 

 
 
Due to its high installed density, cellulose does an exceptional job of preventing the transmission of airborne 
sound, whether from the exterior to the interior, or between interior spaces (when adjoining interior walls are 
insulated). Since STC is a logarithmic scale, the difference between 37-38 and 41 is dramatic.  
 
Smoke When Burned 
The most significant hazard to occupants and public safety professionals in the event of a structural fire is smoke.  
The table below illustrates the relative performance of tested products in terms of smoke development. 
 

 
 
Cellulose insulation, when exposed to open flames, chars to a depth of app. 1/8”. The char then serves to protect 
the insulation behind it. So, in addition to producing inconsequential amounts of smoke, cellulose may actually help 
limit the spread of a structural fire. 
 

                                                                    
10 Riverbank Sound Labs 
11 As measured in a laboratory. Installed performance typically lower. 
12 www.certainteed.com product specifications and www.icynene.com product specifications 
13 ASTM E 84 SDI (Smoke Developed Index) 
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Cel-Pak Cellu-
lose 

Fiberglass 
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Open Cell Sprayed 
Foams  

(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 
Use for retrofit 
w/o significant 

demolition? 
Yes No No No 

How Do They 
Compare? 

Cel-Pak Cellu-
lose 

Fiberglass 
Batts 

Open Cell Sprayed 
Foams  

(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 
Sound Transmis-
sion Class (STC) 4110 3811 3712 3712 

How Do They 
Compare? 

Cel-Pak Cellu-
lose 

Fiberglass 
Batts 

Open Cell Sprayed 
Foams  

(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 
Smoke when 

burned13 Little/None 50 300-400 300-450 
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Fiberglass, exposed to open flame, produces noxious smoke. Above 1,200 degrees F, it melts and exposes the un-
derlying structure further. Petrochemical based foams will actually burn, once code mandated fire barriers are 
breached, producing enormous volumes of highly toxic smoke, and can be a hazard to installers during installation.  
 
In addition, every 14.5” lineal section of cellulose insulation serves as, effectively, a fire block, once again potentially 
protecting the structure. As above, fiberglass melts and foams burn, offering no such protection.  Alone among 
commonly used insulation products, cellulose can actually help prevent loss of life in the event of a fire, both of 
building occupants and public safety officials.  
 
 
Moisture Management / Deterrence to Mold and Pests 
The management of moisture and humidity (or vapor) is critical in preserving the typical structure. One reason 
New England’s oldest housing stock, dating back to Colonial times, is so well preserved is because, ironically, it was 
so poorly insulated. This meant that exterior moisture drives/levels (high summer humidity) and interior moisture 
drives/levels (respiration, combustion, cooking, etc.) could pass through the structure freely, and wouldn’t concen-
trate in a cavity, or wall, where they could subsequently cause rot and mold. 
 
Cellulose is hygroscopic, i.e., it readily redistributes moisture, and requires no vapor barrier in most installations. 
This means that seasonal moisture drives (exterior to interior in summer, the reverse in winter) can take place 
naturally, with the cellulose allowing the moisture to move and disperse. This has been proven in the millions of 
homes retrofitted with cellulose insulation since the 1970’s. 
 
Fiberglass and foams are hydrophobic, i.e., they can’t transport moisture, and thus, under the right conditions, 
moisture condenses on them and can be allowed to concentrate. In addition, fiberglass routinely requires a vapor 
barrier, typically on the ‘warm’ or interior side of an installation. But because moisture drives run both ways, this 
effectively means that, for approximately half the year, the moisture barrier is on the wrong side of the wall in the 
Northeast. Foams form a vapor barrier, but can be a problem where there are gaps from shrinkage or movement, 
or in under-filled cavities. 
 
Because moisture is supportive of mold and attractive to pests, this feature goes hand-in-hand with moisture man-
agement. Cellulose is treated with borates (app. 16% by content), which are repellent to insects and vermin. Fiber-
glass and sprayed foams are not. 
 
 

How Do They 
Compare? 

Cel-Pak Cellu-
lose 

Fiberglass 
Batts 

Open Cell Sprayed 
Foams  

(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 
Manages Mois-

ture? 
Yes - Hygro-

scopic 
No - Hydro-

phobic No - Hydrophobic  No - Hydrophobic 

Deters Mold and 
Pests? 

Yes – Has Bo-
rates 

No No  No 
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Outgassing / Blowing Agents 
Both installer and occupant health is a concern with any building material. Cellulose doesn’t ‘outgas’, i.e., release 
chemicals to the air, either at installation or over time. In addition, cellulose is installed using only air as the trans-
port mechanism. 
 

 
 
Many fiberglass formulations contain, and outgas, formaldehyde. Foams outgas both during and, for varying periods 
of time, after installation. While fiberglass batts require no blowing agent, foams use various chemically based gas-
ses.  
 
 
Recycled Content and Embodied Energy 
One of the most compelling green features of cellulose is its recycled content. Cellulose insulation is made primar-
ily from recycled newspapers and other recycled, long-fiber paper products 
 

 
 
This benefits the environment in several ways: 
 

• Promotes recycling / sustains the market for recycled materials 
• Prevents materials from being sent to landfills 
• Product is regionally sourced, meaning fewer emissions in transport 

 
Fiberglass has low recycled content, and foams, because they’re a petrochemical based product, have virtually no 
recycled content. ‘Soy based’ foams aren’t ‘based’ on soy. Rather, they have a minimal amount of soy additive, in an 
attempt to ‘green’ a decidedly not-so-green product.  The added soy isn’t recycled; it is purpose-grown for the 
application, with all the attendant environmental impact. 
 
In addition, cellulose insulation requires much less energy to manufacture (embodied energy). It takes 750 BTU’s 
(British Thermal Units) of energy to make one pound of Cel-Pak. Said another way, making one pound of Cel-Pak 
takes the same energy it would take to raise the temperature of 90 gallons of water by one degree Fahrenheit. 
Making a pound of fiberglass is the same as warming 1,437 gallons of water one degree. And to make a pound of 
sprayed foam insulation is the equivalent of warming up to 3,592 gallons of water one degree.   

                                                                    
14 Some blowing agents used in sprayed foams are also powerful greenhouse gases, contributors to global warming. 
15 This figure includes waste from the manufacturing cycle being re-introduced to the manufacturing process, which effectively overstates actual 
recycled content. 
16 Environmental Building News "Insulation Materials: Environmental Comparisons" Jan/Feb 1995 
	  

How Do They 
Compare? 

Cel-Pak Cellu-
lose 

Fiberglass 
Batts 

Open Cell Sprayed 
Foams  

(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 

Outgases? No May – 
Formaldehyde 

Yes – at installation & 
until all gases have 

been replaced by air 
Yes – at installation 

Blowing agent? Air N/A Chemical based gas14 Chemical based gas 

How Do They 
Compare? 

Cel-Pak Cellu-
lose 

Fiberglass 
Batts 

Open Cell Sprayed 
Foams  

(1/2 lb. density/CF) 

Closed Cell 
Sprayed Foams 

(2 lb. density/CF) 
Recycled content 82%+ Up to 35%15 Little or None  Little or None 

Embodied Energy 750 btu/lb 
12,000 
btu/lb16 

Up to 30,000 btu/lb16 Up to 48,000 btu/lb16 
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Cost 
If installed to comparable depths, i.e., fully filled cavities, cellulose costs considerably less than closed-cell foams, 
up to 3x less.  Fiberglass batts offer an initial savings at the time of installation. However, because cellulose does 
a far superior job of saving energy, up to 40% better in comparable new construction, cellulose costs dramati-
cally less over time while providing lower emissions, lowered embodied energy, pest deterrence and moisture 
management. In addition, the superior performance of cellulose allows HVAC systems to be downsized, in the case 
of new construction or major energy retrofit, offering additional savings. 
 
 
Conclusion 
In addition to being superior or comparable by the most common measures of insulation performance – R-Value 
and air infiltration – cellulose enjoys a host of other highly significant performance advantages outlined above, in-
cluding high pest deterrence, low to no smoke creation, low embodied energy, high recycled content, no out-
gassing, no chemical blowing agents, excellent moisture management, and the appropriateness of the product in 
building retrofits.  
 
National Fiber’s Cel-Pak cellulose insulation is the only insulation produced in New England.  It uses regionally 
sourced recycled material (with the exception of borate, which is produced in California). National Fiber’s cellu-
lose insulation is installed by hundreds of independent, small-business owners all over New England, so the use of 
Cel-Pak supports Massachusetts and New England employees and businesses while taking pressure off landfills and 
encouraging recycling. Because it is produced and transported locally, Cel-Pak results in fewer emissions in han-
dling.  
 
Both in building application and in its embodied energy, the use of National Fiber’s Cel-Pak product translates di-
rectly to reduced energy consumption, which in turn reduces emissions, the reliance on foreign oil, and helps re-
lieve the load on electrical power production. The use of cellulose insulation in new and retrofit applications is an 
immediate step that can be taken to create a healthier and more robust New England economy, keep local dollars 
local, and support regional businesses and the environment. 
 
 

For more information about National Fiber, please contact 

Chr i s  Hoch ,  Owner  

te l ephone :  413 .283 .8748   

chr i s@nat iona l f i be r . com  


