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Executive Summary


Introduced in the 1960s as an alternative roofing material, polyurethane foam was touted as golden boy for the roofing industry. Initially it received a bad reputation due to several factors but mainly to installation error and not from the product itself. Early on, it received minimal share of the market; up to 3% for several years and then lost market share. Since early in the 1990s foam has again made gained market share. This is due to manufacturers and organizations like BASF, Dow, and SPFA (Sprayed Polyurethane Foam Association) instituting standards and certification processes for applicators. Installing foam on roofs allows building owners to repair, insulate, and structurally strengthen their building at a fraction of the cost of reroofing. It also qualifies as a green building product since it reduces construction debris in landfills and improves the energy efficiency of buildings it’s applied on. Compared to other sectors of the industry, qualified contractors of polyurethane foam represent less than three percent of all roofing contractors. In addition to roofing it can also be applied to new construction homes and commercial buildings as an insulator, vapor barrier, and an air permeance barrier. Since it is UV unstable, it requires an EnergyStar roof coating to be applied as a UV protector. 

EnergyStar roof coatings was introduced to the roofing industry in the 1990s as a way of restoring existing roofs that are sound (without structural damage) that have existing leaks and high energy cost due urban heat island effect. Being composed of Acrylic, Urethane, or Rubber they can be installed on virtually every roofing system. Reflectivity as high as 97% and comprising a sacrificial barrier to weather and sun damage, they create a roofing system that saves energy cost and also provides a restorable system at a fraction of the cost of re-roofs.

Demand is expected to increase for many years. Causing this demand is: (1) governmental regulations, (2) rising air-conditioning and heating cost, (3) California’s Title 24, (4) flaws in and age of existing roofs, (5) tax laws, and (6) demand for increase of  profitability in businesses.


Entrance into the market is considered easy by business standards but out of reach for approximately 90% of existing roofing contractors. Entrance into the market costs range from $100k and up and require a different business structure than most roofing companies currently posses. The main difference is the type of sales force needed; consultative capable salesmen and not closers. Another factor to consider is qualified applicators of polyurethane foam. Since it is a very specialized application, acquiring a qualified applicator requires either recruiting or several years of training under the tutelage of a qualified applicator, applicator training courses, and years of on the job training. Considering these barriers of entry, upon successfully entering the market you can expect higher than normal profits for the next seven to ten years; 40% gross margin and higher. Polyurethane Foam and EnergyStar roof coatings can also expect and increase in market share, currently 3%, as many existing roofing systems fail and energy efficient systems are pushed to the for by savvy business owners and the federal government. Each section will have some cross over in information so some repetition will occur. Repeated material will be in italics.
Introduction

Polyurethane Foam

Sprayed Polyurethane Foam (SPF) was introduced as a low cost viable roofing system and a high “R” insulator in the 1960s. Weighing approximately .25 lbs per square foot, low cost and ease of installation as compared to other roof restoration systems, and installable over virtually every roofing system of its day foam was considered the golden boy of the roofing and insulation industry. Unfortunately, because of the lack of qualification standards from foam manufacturers and applicator error the industry received a less than desirable reputation from its onset. According to the Spray Foam Industry (SPI) the roofing industry in 1995 used 61 million pounds of SPF as compared to 1990s total of 35 million pounds; a 70% increase in just five years (Knowles 1996). Why the dramatic increase in demand. To understand this fully an examination of several areas is required.
Urban Heat Islands

According to Mark Decot of the Department of Energy urban heat islands are created when dark colored roofs and pavement raise the temperature of a city higher than the surrounding country. These urban heat islands also cause many other problems such as smog formation, high cooling cost, and human health cost due to the poor quality of air. Another significant effect is when water is heated and then drained from roofs and pavements it has disturbing effects to plant and animal life and creates mediums that promote the growth of bacteria. Cool roofs (insulated and reflective coatings) could save Los Angeles a total savings in energy (both indirect and direct), reduction of smog, and human health would approximately amount to $171 million a year in 1996 dollars (Mark Decot). When considering all the metropolitan areas in the US this estimate of energy savings become very significant. 
Energy Savings
Texas A&M University at College Station Texas conducted a study of SPF roofing on more than eight million square feet of roofing resulting in the recouping of the cost of application from energy reduction in three and a half years (Texas A&M). This is due to the reduction of roof temperatures as high as 190 degrees, before the SPF and reflective coating application, to about 10 degrees above ambient temperature. If the interior of the building is maintained at 76 degrees its cooling equipment must overcome approximately a 114 degrees. Thus by lowering the roof temperature by as much as 90 degrees the amount of energy needed is significantly less. In addition, the SPF also increases the over all “R” factor. Many factors affect heat transfer from the exterior to the interior of a building.

Patrick Downey’s article “Energy Efficient Roof Design” in the May 1995 issue of the Roof Consultants Institute’s Interface magazine, addressed the problems associated with controlling interior temperatures by considering the factors involved in thermal transfer from the exterior to the interior of commercial buildings (RCI Interface Magazine). Avenues considered when evaluating energy-efficient roof systems were thermal bridging, surface profile and color causing high and low albedo effects,  radiation, convection, conduction, thermal shock, thermal gain, and thermal loss. Downey also offered the following observations and recommendations associated with SPF roofs.
· Insulation is more effective above the roof deck.
· Thermal bridging problems occur when insulation is not continuous (voids within the insulation).

· Moisture condensation can occur between joints of insulation.

· Increased insulation R-value is favored where energy costs are primarily for heating.

· Dark-colored roofs can have surface temperatures 90 degrees F higher than ambient temperature. 
· High albedo (heat reflective) surfaces are favored where energy costs are primarily for cooling (RCI Interface Magazine).

On a typical hot summer day roofs dark colored membranes absorb radiant heat and the surface temperature thus rises (Texas A&M).  Fasteners and gaps in the insulation conduct heat to the interior of the building via thermal bridges (thermal shorts). Insulation effectiveness value is reduced between 11.5% to as much as 31.5%; depending on thickness of insulation and number of fasteners (Interface Magazine May 1996). SPF works in several ways to reduce energy cost as listed below:
· SPF roofing systems are installed above the roof deck. The insulation and roof system are the same.
· Thermal bridging is eliminated by the SPF since it provides a monolithic layer over thermal bridges in the roof assembly.

· SPF aged R value is approximately 6.0 per linear inch of foam.

· Typically SPF requires a reflective coating as a sacrificial barrier for the roofing system. When ambient temperatures are 90 degrees surface temperatures on these reflective coatings range between 110 and 130 degrees F. Comparing dark roofs and reflective roofs the surface temperature can be between 50 to 90 degrees higher on dark colored roofs. 

Energy use in buildings is reduced due to SPF providing a continuous barrier against air and moisture infiltration through air leakage. Dew point problems are also minimized and as a result condensation within the building envelope is reduced. Lastly, heat movement in all directions is restricted thus providing reliable performance under varying conditions (Spray Foam 93). Polyurethane foam also saves energy in manufacturing cost over other insulation materials.
A study conducted in 1991 by Franklin and Associates revealed polyurethane foam insulation saved 39.4 trillion BTUs manufacturing energy costs over glass fiber insulation in 1990 (Franklin Associates 1991). One trillion BTUs is almost equivalent to 179,000 barrels of oil. This constitutes 7 million barrels of oil or .12% of US total oil consumption for 1990; a small but significant savings (Power Labs 1996). Since 1990 polyurethane foam has increased in market share resulting in more significant energy savings.
Durability

30 years or more of durability from SPF roofing is indicated by research and performance studies. Low maintenance, resistance to leaks from damage caused by hail, resistance to damage from wind driven debris, resistance to high wind blow off, and structural strength benefits make SPF roofing a wise choice for any building. 

One such study was performed by Dr. Dean Kashiwagi of the Del E. Webb School of Construction at Arizona State University on more than 30 SPF contractors and 1600 SPF roofs installed since 1983. Results of this study show:

· 97.6% do not leak

· 93.3 % have less than 1% deterioration

· 921 are not maintained

Since the oldest roof in this study was installed 26 years ago (from 1996) and the average surveyed was 13 years old, Kashiwagi suggests SPF roofing can and should last well beyond 30 years with scheduled maintenance (Kashiwagi 1996). Extending the roof life cycle from 15 years to 30 years and more saves approximately $5.4 billion (1996 dollars) and 160 million cubic feet of waste taken to US landfills. These numbers would eliminate a 900 megawatt coal fired electrical plant; the amount of energy needed for 12 to 16 states (Mark Decot).
The summer and fall of 2005 brought significant roofing issues to the US Gulf and Atlantic coastal cities from hurricanes. One such instance was from hurricane Katrina and the Louisiana Super Dome. SPF roofing serviced the Super Dome from 1974 to 2000 without sustaining any leaks or blow offs. Succumbing to local pressure the roof was partially removed and replaced with a white EPDM membrane. Recently, Brazos Urethane was contracted to reinstall a SPF roof back on the Super Dome with the installation being completed by August of 2006, just in time for its reopening for the start of football season.
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In 2004 Florida was pummeled by two hurricanes named Charley and Ivan. Resulting damage to existing roofs was significant with the exception of SPF roofing. The Roofing Industry Committee on Weather Issues “Hurricane Charley Ivan Report” findings show SPF roofs received 10% or less damage from either wind uplift or flying debris damage. This was primarily due to the monolithic fully adhered installation and moisture resistant closed cell nature of SPF roofing. The picture below, picture 2, shows a SPF roof installed over a modified bitumen roof comprising of 8288 square feet of roof on a condominium related structure. After sustaining 130 – 140 mph winds from the east damage was limited to 10%; due to wind uplift under the galvanized metal flashing used as foam stop edge. Compared to a, picture 3, modified bitumen mechanically fastened roof subjected to 130 – 140 mph winds from the east ending up as a total loss SPF is the clear choice for high wind prone regions (RICOWI).
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When damage is sustained moisture infiltration is not a concern. Due to the monolithic nature of SPF debris damage can be repaired easily with a caulking gun and unless the damage goes completely through the closed cell structure of SPF it will not leak. As shown in picture 3, when wind uplift damage does occur and the resulting repair is kept to a minimum. 
Waste Stream

Dr. Kashiwagi’s research also showed at least 70% of SPF roofing is installed over existing roof membranes. Since SPF is applied over the existing roof landfills will receive less construction refuse. Application of the SPF roof system significantly less debris created as compared to other roofing membranes. A typical 20,000 square foot SPF roof installation will produce approximately one pickup load of waste consisting of plastic, scrap foam, tape and up to four gallons of solvent of which can be easily claim by reasonably priced portable equipment(Kashiwagi 1996).  
Renewable

SPF roofs typically do not need replacement at the end of their usable life. This is due to only needing a recoated and/or renewed reflective membrane; discussed further in the EnergyStar Roof Coatings section. Once renewed, warranties range from 5 to 10 years, however research shows SPF roofs are typically recoated every 8 to 15 years depending on a variety of reasons including: thickness of coating, physical properties, weathering, environment, and warranty requirements. Since it is very renewable it further reduces to waste stream (Energy Conservation and Thermal Envelope Design Using Polyurethane).
Environmental Impact

The total Equivalent Warming Impact (TEWI) of greenhouse gases is comprised of both direct and indirect emissions on Global Warming. Energy consumption; caused by a building product’s use and manufacturer is called indirect emissions and the release of greenhouse gases is called direct emissions. Carbon Dioxide contributed 55% of greenhouse gases from 1980 to 1990 affected the future of Global Warming. Conversely, CFCs contributed 17%. Changing the blowing agent of SPF from CFC to HCFCs reduced the contribution by fluorocarbon gases up to 92%. Attributing to the increase in performance is:
· HFC emissions take 500 years for carbon dioxide to be purged from the atmosphere.

· HCFC emissions take 20 years to be purged from atmosphere.

(Energy and Global Warming Impacts of CFC Alternative Technologies)

The longer it takes for gas to purge the worse it is for global warming potential. Producing energy from the burning of fossil fuels forms large amounts of carbon dioxide (electricity, fuel oil, natural gas, etc). SPF roofing save energy by reducing the amount of fossil fuel burned to cool and heat buildings and thus reduces the amount of carbon dioxide produced (indirect emissions).
Installation
To alleviate failures that resulted in SPF’s undesirable reputation in the 60s, it requires a highly trained professional to apply. Understanding of how temperature (ambient and product), sprayed foam pass thickness, humidity, wind, A and B component ratio, and pressure ratio of A and B components. The A component is comprised of isocyanate and the B component is polyol resin. Sprayed through a mixing gun, attached by heater hoses to a spray foam reactor, onto the roof as liquids and then expanding 20 to 30 times there original volume to create a monolithic roofing system. Quality of surface texture and thickness is based on three principle factors:
· Proper equipment adjustment.

· Environmental effects (i.e., wind, temperature and humidity)

· Knowledgeable and skilled applicator.

Thickness: The thickness and correct application of each pass is dependent on the metered output of the spray equipment and applicator skill level. SPF installation manual states the following (NRCA):

· “Optimum pass thickness should be from .5 to 1.5 inches (13 to 38 mm)”.

· “Single passes thicknesses greater than 1.5 inches (38 mm) are acceptable, provided special polyurethane foam formulations are used. However, the manufacturer’s recommended maximum pass thickness for the formulation being used should not be exceeded”. 
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Humidity: SPF should not be applied under humid conditions when the roof deck’s temperature is less than 5 degrees Fahrenheit (3 degrees Celsius) above the dew point, as measured by a psychrometer. Moisture between the SPF roof and roof deck will occur resulting in blisters if not observed.
Temperature Ambient: SPF should not be applied to a roof deck when the temperature is below 50 degrees Fahrenheit (10 degrees Celsius) unless temperature sensitive foam materials are supplied by the manufacturer. When temperatures are extreme, below 50 degrees Fahrenheit, or to hot, above 160 degrees Fahrenheit (roof surface temperature), foam physical qualities of texture and adhesion will be seriously compromised. Temperatures are to be measured by a pyrometer. 
Temperature Component: Both A and B component must be kept, in the delivery hoses from the foam reactor to the mixing gun, at manufacturers temperature requirements. Failure to do so could affect foam physical qualities of texture and adhesion. 

Wind: Wind adversely effects SPF in two ways: by over spray and by unacceptable surface texture. In wind speeds of 12 mph or higher a wind shield must be used to avoid over spray and surface texture problems. 
Ratio: The ratio between the A and B component of SPF roofing is critical to proper installation. Delivery hose pressure must be equal and mixing gun properly adjusted for correct ratio installation. If the A and B components are off ratio resulting in an excess polyol (B resin) the resulting characteristics will be: slow or insufficient rise, soft or spongy texture, pinhole or blow holes, improper cell structure, light in color, or mottled or coarse surface. Contrariwise, if the excess is of the isocyanate (A) the condition will be more difficult to detect unless it is very excessive and the following characteristics are revealed: hard surface, dark color, irregular glassy cell structure, improper rise or yield, improper density, smooth, irregular glassy cell structure, brittle, or friable. When the ratio is off to the isocyanate but not manifesting the previous characteristics the result will be not enough A component to complete the project (NRCA).
Mixing Gun Cleaning: Flush pot cleaning is applicators choice of methods in cleaning the mixing gun. Proper techniques are a must when cleaning a gun thoroughly. The following techniques are to be used for proper cleaning when using a flush pot.
· Clean one side of your gun at a time. (This requires a flush pot coupling with two manual valves).

· Clean the least viscous (thinnest side) first. This is usually the “A” side.

· Clean the other side next.

· Open both valves and flush both sides.

EnergyStar Roof Coatings
EnergyStar roof coatings (cool roofs) provide building owners and property managers an effective way to reduce operating costs. It also improves energy efficiencies of all cooling systems within the building envelope. Finally, it offers superior waterproofing system that is unsurpassed by its durability and renewability which is less damaging to the environment than any other roofing system with the exception of SPF roofing.  In fact, when combine with SPF roofing no roofing system is comparable. 
A Cool Roof is a light colored roofing system that uses either titanium oxide or aluminum oxide as its reflecting compound to prevent heat and damaging rays from entering the building through the roof. The benefits it provides to the building are:

· Energy Conservation

· Renewability

· Life-Cycle Cost Savings

· Greater Comfort

· Building Maintenance Cost Reduction

There are over 400 different types of Reflective Roofing Coatings ranging from Polyurea, Polyurethane, Acrylic, Asphalt, and Rubber. The reflectance abilities of each EnergStar Certified Coating, where you will find initial reflectance ratings as high as 99%, are published at www.energystar.gov.  United States Green Building Council, Cool Roof Rating Council, Cool Communities & California Energy Commission, and the Energy Star ® Program are agencies and organizations directly related to the regulation of this segment of the roofing industry.
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Cool Attributes

Cool roofing dramatically reduces the roof surface temperature compared against different roof membranes. Graph 1 below demonstrates different roof membrane temperatures measured in Central Texas on a clear 90 degree Fahrenheit day. Reflective acrylic coating systems reflect sunlight and release heat (emissivity) best where as dark colored roofs and aluminum coatings did not fare so well. Roofing materials other than cool roof coatings absorb and retains the sun’s energy so that the surface temperatures reach as much as 200 degrees Fahrenheit. 

Graph 1
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              (Cool Roof Systems)                                                                      
By reducing the surface temperature of buildings roofs a subsequent savings will result in several areas. One such area is electricity directly related to air conditioning of the building. Scientist at the Lawrence Berkeley National Laboratory (LBNL), a research facility for the U.S. Department of Energy, partnered with the U.S. Environmental Protection Agency (EPA) and NASA’s Global Hydrology and Climate Center to quantify the cost savings by reducing an area’s Urban Heat Island. LBNL’s findings demonstrate since the 1930s, Los Angeles peak summer temperatures have risen about 8 degrees Fahrenheit due to commercial buildings, pavement, and homes replacing existing vegetation. This replacement directly impacts air quality since smog in Los Angeles rises approximately 3% with every degree rise above 70 degrees Fahrenheit. This requires additional electricity to be generated by power plants that exhaust CO2, which is a major contributor to Global Warming. 
Nationally, studies demonstrate widespread use of cool roofing technology could potentially reduce as much as $1 Billion in direct energy usage cost and peak demand charges. Peak energy demands are presently surpassing metropolitan electricity production capacity in the U.S. Another significant savings by electrical producing companies would result from the delay of investments needed in order to assemble new power plants. Building owners would also benefit by the downsizing of their HVAC systems due directly from lower temperatures in the building (Cool Roof Systems).                                                                   Graph 2 demonstrates the cool energy savings from different roofing membranes on a 50,000 square foot commercial building in four different cities. 
Graph 2
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(Cool Roof Systems)                                                                      
Solar Reflectivity
Reflectivity is simply the percentage of the suns rays that is reflected away from the buildings interior. According to the ASTM D-1918 “Test Method for Measuring Solar Reflectance of Horizontal and Low Slope Surfaces in the Field” involves using a pyronometer:  a device for measuring solar radiation, aiming it at the sun, then rotating it 180 degrees and aiming it at the roof surface. The ratio of reflected radiation to incident or direct radiation is solar reflectance and is measured as a percentage. Coatings must reflect all spectrums of solar radiation since not all energy from the emitted from the sun is in the visible spectrum as indicated by Graph 3 below. 

                                               Reflectance Test   (Picture 4)

Graph 3

      (Cool Roofing Jargon)

Additional methods of measuring solar reflectance: (1) Test Method for Solar Absorptance, Reflectance, and Transmittance of Materials Using Integrating Spheres, taken from ASTM E-903 and (2) Standard Test Method for Determination of Solar Reflectance near Ambient Temperature Using a Portable Solar Reflectometer, taken from ASTM C-1549(Cool Roofing Jargon).
ASTM E-903 method requires a delicate spectrophotometer to measure the amount of reflected light from the sample. While the sample size required is relatively small, the equipment needed is not suitable for field measurements. This requires a sample to be taken and sent to the testing laboratory (Cool Roofing Jargon). 
ASTM C-1549 method (previously know as the D&S method) uses a portable unit that contains a light source and photocell array to create and measure the reflected light from the sample. This method is widely used since the equipment is self contained, lightweight, and portable (Cool Roofing Jargon).

On an added note, dark colored asphalt shingle roofs seem to degrade quicker than light colored ones having the same orientation and exposure. Causing this are dark colors absorbing more sunlight, specifically the infrared portion, which causes them to be hotter (Cool Roofing Jargon). The same applies to dark colored flat roofs.

Another measure of solar reflectivity is emittance. It is described as the “ratio of an object’s radiance to that emitted by a black body radiator at the same temperature and at the same wavelength.” Simply put it is the roofs ability to hold or release heat energy. 
This is not the measure of a roofs surface to conduct heat into the building. As described previously thermal shorts are voids in the roofs insulations and metal fasteners used to attach the roofs membrane.
As shown from above, there is two values needed, solar reflectance and emittance, to determine the overall cool roof performance. ASTM has a method to capture both values into a single coefficient called: “Practice for Calculating Solar Reflectance Index of Horizontal and Low Slope Opaque Surfaces,” E-1980. This method is simply a mathematical formula, using the two experimentally attained coefficients, thermal emittance and solar reflectance, to generate a single number called the “Solar Reflectance Index” (Cool Roofing Jargon).

These concepts will assist us in understanding “Cool Roofing,” however there is a greater value in realizing how these properties can affect roof durability and longevity. Reflectance plays a critical role since the higher quality roofing materials used then all spectrums of the solar radiation, both infrared (heat) and ultraviolet (destructive), is prevented from harming your roofing membrane. Subsequently, it also assists the building to operate more efficiently.
Performance
Roof coatings are much like the paint on your house, the more solids (polymers) per gallon, the potential of durability, years, it possesses. Since the reflective property is either Aluminum Oxide or Titanium Oxide, the higher percentage of the reflecting element in the cool roof coating extended longevity will be experienced. This will be true for both water and solvent based coatings. Solvent based coatings are a little more forgiving, when being applied, than water based since they are a primer free coating but they do not necessarily ensure better adhesion or weathering performance. The primary qualities necessary for an acceptable roof coating are:

· Low Moisture Absorption.
· Good Flow Properties At All Suitable Application Temperatures.

· Quick Skinning and Short-Cure Properties.

· Good Weathering Properties with Minimal Surface Chalking.

· Good Adhesion Properties to Prepared Surfaces.

· Consistency/Viscosity Suitable For Spray Applications.

· Compatibility With Surfaces Over Which Coatings Are To Be Applied.

· Acceptable Heat Resistance.

· Algae/Fungus Resistance.(Dick Baxter)

Since there is an absence of standard qualitative test methods, the only way to ascertain the best coating formulation for your application is by comparison; this will provide the qualities suitable for your roof. For instance, one companies coating test results were good weather ability, low moisture absorption, good flow properties, and good adhesion but would not skin over in less than six hours. In the Gulf Coast region of the U.S. any afternoon shower that comes along and rains will send the coating off the roof and into the storm drains. Contrariwise if you are where it rains less than 15 inches a year, it would be a good candidate. Acrylic based coatings have been determined to have virtually all the desirable properties listed above and can be used for a base comparison. Comparative testing will thus allow us to calculate how other coatings compare to an optimum formulation. Each of the properties above will be described in the following paragraphs.
Flow Properties are a determined visually. It is critical for a coating to have good wetting out (flow) properties.  When using a coarse bristle brush to apply coatings over smooth metal substrates the better coatings flows or “wet out” is needed to  provide a uniform surface. On the other hand, with less desirable wetting out properties, whether applied by any method (brush, roller, spray), aesthetically pleasing finish will not be experienced.
Skinning Over is the time required by a coating to cure so as to be unaffected by the sprinkling of water on a freshly coated surface. Since impending weather will cause roof maintenance to be delayed and possible coating damage, skinning over time becomes a very important property. A skin time of thirty to forty five minutes is desirable or coatings could be washed from a roof causing a major expense to the contractor by clean up and recoating expenses plus environmental damage.
Short Cure properties are needed since foot traffic on the roof is needed for the application of a second coat. This time needs to be between 18 and 24 hours so as to not unduly delay the timeliness of the installation process.

Good Weathering Properties are evaluated after 90 days by using film samples exposed to QUV in a weatherometer. Since the beginning thickness is known, ideally there will be minimal erosion and chalking on the surface of the test panel following exposure. Warning, weatherometer testing provides no validity to the potential longevity of the coating. It only indicates that one coating potentially performs better than another.
Adhesion properties are qualitatively evaluated by applying a layer of coating to a section of glass and then peeling the coating away. Since glass is a very smooth surface superior coatings will need to be scraped off; on the other hand low quality coatings will smudge from thumb pressure. Warning, typically acrylic-based coatings will not develop their full adhesion properties for at least two days under optimum conditions. Thus it is wise to wait up to seven days to allow a full cure to occur with the coating. Also, the greater the depth of the coating the longer cure time is needed. 
Viscosity is a property of cool coatings that needs to be considered when determining the method of application. Two methods of choice are either (1) airless sprayer or (2) brush and roller. Because of this property some coatings will dictate spray application and others will require brush and roller. To test which method is needed a coatings of the right viscosity will flow through the spray tip evenly and wet out to a uniform thickness. Of course if the viscosity is low or if there is a risk of over spray because of high wind then brush and roller will be the method of choice. 
Heat Resistance is compared by placing samples of various coatings under infrared lamps and raising the surface temperature up to 180 degrees Fahrenheit for seven days. Surface cracking, discoloration, or heavy oxidation is considered unacceptable.  
Algae and Fungus resistance is evaluated by placing coating samples in a warm water bath for seven days then visually inspecting them for any indications of algae or fungus. 
Installation
Critical to bonding of cool roof coatings is proper preparation of the substrate. Additionally any surfaces contaminated with silicone (caulk etc) will never hold any coating until contaminates are eradicated from the surface. Pressure washing is the cleaning method of choice by most of coatings manufacturers. Using a rotating head on the pressure washer’s wand is the best method for cleaning. However, be warned, care needs to be exercised when using a pressure washer since it can damage the substrate you are coating. Do not spray directly into flaps, seams, or flashings as damage and water inside the building may occur. Most times, a stiff bristle brush applying a strong cleaning agent followed by a thorough flushing of water over the entire roof will be more effective than pressure washing. 
Since roofs come in many different surfaces, it is necessary to conduct a peel test in order to determine whether the coating you choose will adhere to the substrate. Conducting a peel test is done as follows:
· Prepare a sample area by cleaning it thoroughly.

· Apply an initial layer of the selected coating.

· Embed a strip of fabric (4 to 6 inches in length) with a tail of 4 inches exposed. 

· Allow to cure for three days.

· Then pull the exposed tail of fabric straight up.

If the coating is effectively bonding to the surface of the roof, it will not pull away before the fabric tail breaks or tears. If it fails try different cleaning methods, different coatings, or different primers until the test results is positive. 

TPOs: Installing acrylic based roof coatings over TPO roof membranes can be hazardous to your business health unless extraordinary precautions are done, before applying the coating, when preparing the surface. Even then most adhesives will not bond satisfactorily to TPO surfaces. Tests indicate that even roughing up the surface with sandpaper does not significantly improve the coatings ability to adhere. Primers are available that will bond coatings, with a high degree of success, to a TPO membrane but they will emit a significant odor. The important point is a little amount of testing will save money and embarrassment in the long run (Dick Baxter).
APP-Modified Bitumen: Modified Bitumen roofs are applied either by torch down or cold process by installing layers of roofing materials and glued together with asphalt or tar with the top layer having mineral granules introduced or not. Most coatings have very few problems adhering to a granulated mod bit roof but will they not always adhere to a smooth surface mod bit roof. Solvent based asphalt aluminum roof coatings will typically bond to either smooth or granulated mod bit roofs. If an acrylic based aluminum coating is used care needs to be exercised since explosion hazards do exist.
This will be discussed further later in the paper under “Asphalt-Based Aluminum.”
Metal Roof Panels: Metal roof panels come in varying widths, designs, and types of metal. They also come in different finishes: Kynar ® 500, Galvalume ®, or Enamel. In addition the occurrence of rust requires consideration too. Kynar 500 is a Teflon®-based paint that is applied to some metal roofing. Since not much will adhere to Teflon significant surface preparation is required. This can be accomplished by sanding to roughen the roof surface (Dick Baxter). Note: ER Systems has a product specifically made to adhere to this finish called Kina Cote. Galvalume® my have residual zinc in the galvanized finish that will inhibit adherence to the metal panel so pickling the surface with a mild acidic solution may be required. When rust is present on any of these surfaces a rust arresting primer will be required for adhesion of an acrylic coating to occur. However, when the cool roof coating is solvent based (Poly Urea, Polyurethane, and Liquid White EPDM) priming may not be necessary. 
Primers: Coating primers are necessary for inhibiting rust and for adhesion. These primers are in three categories: (1) intended to inhibit the expansion of rust contamination, (2) intended to facilitate adhesion to the roof’s surface, and (3) or to accomplish both. Primers purpose is to facilitate proper adhesion between the coating and roof surface. This adhesion can unsatisfactory due to rust or factory finish so the correct primer is critical in the successful application and longevity of the cool roof coating. Epoxy based primers are usually the most effective in both problems to proper adhesion and also the most expensive (Dick Baxter).
Asphalt-Based Aluminum: This type of roof coating must be judged by the quantity of aluminum sulfate contained in each gallon. Because of the varying cost for this type of coating the amount of aluminum will vary significantly and have a direct correlation between the amount and price. Also true is the direct correlation between price and longevity or performance. Note: It is not possible to have more than 2 pounds (0.9 kg) of aluminum metal in suspension per gallon of coating. Also, labels and data sheets only indicate the amount of aluminum paste per gallon that is contained but it does not indicate the amount of actual aluminum. Some interrogation with the manufacturer’s technical representative will be required to determine the overall quality of the coating (Dick Baxter).
Asphalt based coatings comprise of either solvent or water carriers. The solvent type is essentially self priming and the surface only needs adequate cleaning (removal of dust and debris) before application of the coating. Surfaces that will receive a water coating are to be cleaned thoroughly and primed with an asphalt primer to ensure proper adhesion. As mentioned earlier water-carrier aluminum roof coatings need to be treated with caution since under certain conditions the aluminum metal and water coatings may be explosive (Dick Baxter). It is not a good idea to save partial pales of this type of coating for the next contract. This due to aluminum being a hydrogen liberator and water containing a significant amount of hydrogen; partial containers will allow a significant amount of hydrogen to build up in the cavity and there by have explosive potential. 
Maintenance: Today, reflective roofs are hot topics in the roofing industry. Initially they can have as much as 93% reflectivity but will degrade from there as the life of the roof progresses due to several factors. EnergyStar.gov website shows an initial reflectance rating and a rating after three years. A footnote indicates the manufacturer can have the roof surface washed prior to taking this measurement (www.energystar.gov). However, after much research all reflective coatings will loose approximately two to six percent reflectivity if washed on a regular basis. Contrariwise, many of the coatings indicate a reflectivity loss of 22% to 35% on the website which is an unwashed rating. Reflectivity degradation occurs from the build up of alluvia, dirt, pollution, and drainage conditions. It is then recommended that the roof be washed at regular intervals such as every two to three years to its reflectivity and longevity. 

Odor: Of all the reflective coatings present in the market acrylic coatings emit the least offensive of odors during installation. However, the solvent based and polyurethane can give off a pretty strong odor. Caution may need to be exercised as to when the coatings are applied and the location of fresh air induction ports locations. Educating the buildings occupants as to the possibility of odors entering the building before the contract commences would be prudent. In addition, placing obstructions over the air intakes, in the general location of the work being done, will alleviate many odors from entering the building. 

Polyurethane Foam Insulation

· SPF as a Green Building Material, Mason Knowles Assistant Director, SPYSPFD, presented at University of Florida’s Green Building Material Conference, June 1996.

· Urban Heat Islands, Mark Decot, Department of Energy, presented at Oak Ridged National Laboratories, Sustainable Low Slope Workshop, Oak Ridge Tennessee, October 1996.

· Texas A&M’s SPF Roofing Experience presented at Spray Foam 94 by Sam Cohen, P.E. Physical Plant Department, Texas A&M University.

· Energy Efficient Roof Design, Patrick Downey President of Merik Inc, RCI Interface Magazine May 1995.

· Thermal Conductivity in Mechanically Fastened Roof Systems, Mike Watts CST. CDT. Interface Magazine May 1996 issue.
· Factors Affecting the Field Performance of Spray Applied Thermal Insulating Foams, presented at Spray Foam 93 by M. Bomberg, Ph.D. P.E. and R. Alumbaugh, Ph.D. P.E.
· Comparative Energy Evaluation of Plastic Products and Their Alternatives for the Building and Construction and Transportation Industries, Final Report 1991 prepared for The Society of the Plastics Industry by Franklin Associates, L.T.D.
· Power Labs Oil Consumption Chart 1996, http://powerlab.fsb.hr/OsnoveEnergetike/1999/bpstat/tables/oilcon2.htm
· 1996 Roofing Contractors/Systems Performance Information, Dr. Dean Kashiwagi. Ph.D. P.E.
· RICOWI Roofing Industry Committee On Weather Issues “Hurricane Charley Ivan Report” March 1996.
· Energy Conservation and Thermal Envelope Design Using Polyurethane. Spray Polyurethane Foam Mason Knowles. Assistant Director: SPUSPFD, presented at NCSA Construction Materials and Technology Institute 1996 University of California, Berkeley California.

· Energy and Global Warming Impacts of CFC Alternative Technologies, Executive Summary, 1991, Alternative Fluorocarbons Environmental Acceptability Study, U.S. Department of Energy.
· NRCA Sprayed Polyurethane Foam Based Roofing Manual, 2003.

· Cool Roof Systems, National Coatings, August 22, 2006, http//:www.nationalcoatings.com

· Cool Roofing Jargon, William A. Kirn, RRC, September 2004.

· Roof Coatings For Better or Worse, Dick Baxter, May 2006 http//:www.professionalroofing.net
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About USGBC


The U.S. Green Building Council (USGBC) is the nation’s foremost coalition of leaders from every sector of the building industry working to promote buildings that are environmentally responsible, profitable and healthy places to live and work. Our more than 6,400 member organizations and our network of more than 80 regional chapters are united to advance our mission of transforming the building industry to sustainability. 


Core Purpose�The U.S. Green Building Council's core purpose is to transform the way buildings and communities are designed, built and operated, enabling an environmentally and socially responsible, healthy, and prosperous environment that improves the quality of life.


Guiding Principles�At USGBC, we take how we make our decisions as seriously as the decisions themselves. Our Board of Directors has articulated a set of guiding principles to provide clarity and continuity in our decision making. 


(www.usgbc.org)
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About ENERGY STAR


ENERGY STAR is a joint program of the U.S. Environmental Protection Agency and the U.S. Department of Energy helping us all save money and protect the environment through energy efficient products and practices.





Results are already adding up. Americans, with the help of ENERGY STAR, saved enough energy in 2005 alone to avoid greenhouse gas emissions equivalent to those from 23 million cars — all while saving $12 billion on their utility bills. (www.energystar.gov)





� INCLUDEPICTURE "http://www.coolroofs.org/images/header1.gif" \* MERGEFORMATINET ���





�





Cool Communities Mission Statement:


"Our mission is to promote healthy and livable communities by advocating urban heat island mitigation using sustainable cost-effective strategies for development, construction and existing structure retro-fitting." (www.coolcommunities.org)
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COOL ROOF RATING COUNCIL


The Cool Roof Rating Council (CRRC) is an independent and non-biased organization that has established a system for providing Building Code Bodies, Energy Service Providers, Architects & Specifiers, Property Owners and Community Planners with accurate radiative property data on roof surfaces that may improve the energy efficiency of buildings while positively impacting our environment.  (www.coolroofs.org)











PAGE  
19

