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Chapter 9 – Design Guides 

 
9.17.1.1 SUSTAINABLE ROOFING GUIDELINES 

 
A.  GENERAL 

 
Sustainable roofs fall under two categories:  “cool” (or light-colored) roofs and “green” (or 
vegetative) roofs.   Both have the ability to reduce energy consumption in buildings as 
well as reduce the urban heat island effect.   In the heat of the full sun, the surface of a 
black roof can increase the temperature by as much as 90 degrees F, affecting both the 
cooling energy use and surrounding environment and degrading the roof. 

 
 1.  Cool Roofs:  The benefits associated with cool roofs include: 
  a.  Reduced building heat gain. 
  b. Reduction in annual air-conditioning energy use. 
  c. Extended service life of roofs by reflecting ultraviolet and infrared 

radiation and modulating temperature differentials. 
  d. Improved thermal comfort when there is no air-conditioning. 
  e. Reduced air pollution and greenhouse gas emissions. 
 
 2. How Cool Roofs Work: 
  a.  Cool roofs reflect a greater amount of sunlight and absorb less heat 

than traditional dark-colored roofs. In some very cold climates such as 
Minneapolis Minnesota where heating days outnumber cooling days, 
cool roofs may not be as effective in terms of energy efficiency.  
However the solar absorption ability of a roof is less in December than 
June, because the days are shorter, the sun is lower in the sky and the 
skies are cloudier. 

  b. Two properties used to measure this ability are: 
   1) Solar reflectance (albedo) – the ability to reflect sunlight 

expressed on a percentage scale.  A totally black roof that 
absorbs all solar radiation has a value of 0, and a very light or 
white roof providing total reflectivity has a value of 1. 

   2) Thermal emittance – the ability to emit or radiate absorbed heat 
back into the atmosphere expressed on a percentage scale. 

  c. The most comprehensive method to evaluate coolness is the solar 
reflectance index (SRI) which combines both solar reflectance and 
emittance properties, developed by the Lawrence Berkeley National 
Laboratories.  A standard black roof (reflectance 0.05, emittance 0.90) 
is rated at 0 and a standard white (reflectance 0.80, emittance 0.90) at 
100. Table 1 illustrates the wide range of roofing types and their 
reflectance and emittance properties: 
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Table 1:  REFLECTANCE AND EMITTANCE EXAMPLES 

ROOFING 
TYPE 

INITIAL SOLAR 
REFLECTANCE 

THERMAL 
EMITTANCE 

TEMPERATURE 
RISE-ROOF 

SOLAR 
REFLECTANCE 

INDEX 
Smooth 
Bitumen 

0.06 0.86 83°F -1 

Black EPDM 0.06 0.86 83°F -1 
White 
Granular 
Surfaced 
Bitumen 

0.26 0.92 63°F 28 

Light Gravel 
on Bitumen 

0.34 0.9 57°F 37 

New Bare 
Galvanized 
Steel (sloped 
roof) 

0.61 0.04 55°F 46 

Aluminum 
(sloped roof) 

0.61 0.25 48°F 56 

Brand name 
White-Metal 
(sloped) 

0.59-0.67 0.85 28-37°F 71-82 

White-coated 
Gravel on 
Bitumen 

0.65 0.9 28°F 79 

White 
Coatings 

0.65-0.85 0.89-0.91 9-28°F 79-107 

White EPDM 0.69-0.76 0.87-0.9 25°F 84 
Brand Name 
White 
membranes 

0.75-0.83 0.90-0.92 11-19°F 93-104 

(from Lawrence Berkeley National Laboratories) 
 

The US Green Building Council’s LEED rating system has set the following minimum 
criteria for at least 75% of any roof: 

Table 2: LEED credit for Sustainable Sites Credit 7.2- Heat island Effect: Roofs 
Roof Type Slope SRI (minimum) 
Low-sloped roof <2:12 78 
Steep-sloped roof >2:12 29  

 
B. SELECTION GUIDELINES FOR COOL ROOF PROJECTS 
 
 1. Existing Roofs:  Reflectance and emissivity are only surface properties. 

Hence most any existing roof type can be made cool by ensuring that the 
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surface is white or light-colored. Traditional asphalt roofing, both built-up and 
modified bitumen membrane, is usually black with low to very low reflectance 
and high emittance. 

  a. To retrofit an existing roof to a cool system, ensure that the coating or 
membrane is compatible with the roofing and match its mechanical 
properties by checking with the manufacturer.  Some guidelines for 
retrofitting old roofs are listed below: 

   1) Select an applied white coating meeting the USGBC criteria in 
Table 2. The Cool Roof Rating Council (www.coolroofs.org) has 
an online directory for more than 850 roofing products with 
manufacturers’ stated solar reflectance, thermal emittance and 
SRI values. 

   2) Reflectance is best achieved with white elastomeric coatings. The 
most common is acrylic but others include urethane, silicone, 
Hypalon and other polymer-based coatings.  These are classified 
as either solvent-based or water-based, with titanium dioxide 
providing the pigment. Advantages and disadvantages of each 
are: 

    a) Solvent-based coatings:  
     (1) May be applied in a wide range of weather conditions, 

including cold weather and high humidity. 
     (2) High volatile organic compound (VOC) content. 
     (3) Contain flammable components. 
    b) Water-based coatings: 
     (1) No applications for temperature <50 degrees or when 

rain is imminent. 
     (2) Low VOC content. 
     (3) Easy clean up. 
     (4) Less expensive. 
     (5) Fluid-applied roofing materials can be applied over an 

existing roof to extend its life and provide reflective 
characteristics.  Examples of fluid-applied roofing 
materials:   Astec Coatings www.icc-astec.com; Karnak 
Roof Coatings www.karnakcorp.com; Metacrylics 
www.metacrylics.com; Acryshield Reflective Roof 
Coatings www.nationalcoatings.com 

   3) Apply a single ply membrane made of synthetic waterproof 
material with the color integral to the sheet. 

    a) Examples are included in the New Roof section below. 
 
 2. New Roofs: 
  a. Single-Ply Membrane Roofing:  Single ply membranes are made of 

synthetic waterproof material with the color integral to the sheet.  White 
and other colors are available to meet the LEED criteria. Examples are: 

   1) Thermoset: made from synthetic rubber polymer - EPDM 
(ethylene propolyene diene monomer) and CSPE 
(chlorosulfonated polyethylene). 
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   2) Thermoplastic: made with plastic polymers – Polyvinyl chloride 
(PVC) or TPO (thermoplastic polyolefin).  TPO is now favored 
environmentally over PVC due to PVC’s chlorine, phthalate 
plasticizers and dioxin content.  Example:  UltraPly TPO  
www.firestonebpco.com 

 
  3. Metal Roofing:  Uncoated metal roofing typically has high reflectance 

and low emittance.  Factory or field applied coatings may be used to 
increase the reflectance but a metal roof is generally not able to meet 
LEED criteria for a metal.  For a new roof select a color to meet the EPA 
Energy Star minimum reflectance values indicated in Table 3: 

 
Table 3:  ENERGY STAR certification roofing criteria: 

 
Slope Minimum Solar reflectance 
Low 0.65 

Steep 0.25 
  
   Sustainability tip:  Metal roofing with recycled content is readily available 

and preferable. 
 
  4. Building Integrated Photovoltaic Roofing:  Photovoltaics (PV) enable the 

direct conversion of sunlight into electricity and it is possible to integrate 
some PV modules into building components such as roofs.  Examples 
of products are: 

   a. Sunslates, fiber-cement shingles into which PV cells have been 
laminated. Each shingle has a plug-in wiring connection. 
www.atlantisenergy.org 

   b. PowerGuard Interlocking Solar Roof Tiles – PV modules 
laminated onto vented rigid extruded polystyrene foam insulation. 
www.powerlight.com 

 
  5. Recycling Old Roofs:  When roofing materials are removed where do 

they go?  It is possible to recycle insulation, ballast, metal trim and other 
roofing components within New York State.  Empire State Development 
has a recycling markets database for locating recyclers by county, zip 
code or state.  The database can be found at this website:  
http://appcenter.nylovesbiz.com/esdrecycling/. 

   a. A common use for recycled and scrap asphalt shingles is in hot-
mix asphalt pavement. New York’s Department of Environmental 
Conservation has Beneficial Use Regulations (BUD).  There are 
four permits approved for use of asphalt shingles in a paving 
application. 

   b. Potential recyclers for use on a project, dependent on the location 
are: 

    1) Triad Recycle Energy Corp, Tonawanda 
http://www.triadrecycle.com/ (asphalt shingles and other 
C&D waste). 
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    2) Island Shingle Recycling Corporation, Calverton. 
    3) Alloco Recycling http://www.alloccorecycling.com/ 
    4) Taylor Recycling Facility  http://www.taylorrecycling.com/ 
 
  6. Resources: 
   a. EnergyStar qualified roof products: 

http://www.energystar.gov/index.cfm?fuseaction=find_a_product.s
howProductGroup&pgw_code=RO 

   b. www.coolsroofs.org 
   c. www.coolmetalroofing.org 
   d. www.roofcoatings.org 
 
C. GREEN (VEGETATIVE) ROOFS 
 
 1. The benefits associated with green or vegetated roofs include: 
  a. Control of rainfall runoff for stormwater management and mitigation. 
  b. Moderation of heat and cold transfer into a building for the purpose of 

reducing heating and cooling loads and thus conserving energy. 
  c. Improvement of air quality and combating heat island effect. 
  d. Provision of additional outdoor recreation and leisure space. 
  e. Extending life of roof by protection of membrane from thermal cycling, 

ultraviolet radiation and mechanical damage. 
  f. Generally have a longer life span than traditional roofs. 
  g. May be reftrofitted on an existing roof or installed as a new roof.  A 

green roof generally weighs more than a conventional roof so load 
bearing capacity needs confirmation. 

  h. Sound absorption. 
 
 2. A green roof has 4 components:  drainage, geotextile, soil and vegetation 

layers.  For the vegetation, sedums, native grasses and wildflowers can be 
combined.  The two main types of green roofs are extensive and intensive. 

  a. Extensive Green Roofs: 
   1) Low vegetation planted uniformly over the roof either using 

modular “containers” or a continuous mat system. 
   2) Lightweight, low-maintenance, least expensive type. 
   3) Not intended for pedestrian access or recreational use. 
   4) Drought-resistant low-growing species that do not require 

mechanical irrigation. 
   5) Growing medium depth:  2” – 6”. 
   6) Saturated Weight 16-35 pounds per square foot. 
   7) Maintenance: limited to watering in the first year to establish 

plants and occasional weeding for 3-4 years. 
   8) Fire breaks/barriers (concrete or gravel maintenance paths) 

recommended every 130 feet on large roofs. 
  b. Intensive Green Roofs: 
   1) Appropriate for a flat roof with slope up to 3%. 
   2) Intended for pedestrian access and use, provide recreation space. 
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   3) Provide for a greater diversity of plants, including trees and 
shrubs. 

   4) Mandatory traditional landscape maintenance:  a water collection 
system, irrigation and fertilization. 

   5) Soil depth >12”. 
   6) Saturated Weight: 60-200 pounds per square foot. 
   7) Fire breaks/barriers not required. 
  c. Semi-Intensive Green Roofs: 
   1) Soil depth 6 – 12 inches. 
   2) Saturated weight: 35 – 60 pounds per square foot. 
   3) Selection of species determines extent of maintenance required. 
   4) Intermediate cost with more variety of species than extensive 

type. 
 
D. SELECTION GUIDELINES FOR GREEN ROOF PROJECTS 
 
 1. Roof Slope:  May be installed on flat or sloping roofs up to 45 degrees with 

retainers required beyond 14 degrees. 
 
 2. Retrofitting Existing Roofs:  For retrofit, a green roof is best installed over a 

single-ply roof system on a concrete or steel deck. If installed over a multi-
layer asphalt system, the roof must be covered with a root barrier because 
otherwise the roots will use the organic asphalt products as food.  

  a. Typically green roof manufacturers will provide warranties from 10 -20 
years only if the old roof is entirely removed to the structural deck and 
the load bearing capacity is adequate. 

 
 3. Selection of Roof Type: The choice of extensive, intensive or semi-intensive 

is based on these factors: 
  a. Cost. 
  b. Need for usable outdoor space. 
  c. Structural capacity. 
  d. Availability of Maintenance. 
 
 4. Performance Standards:  There is no one comprehensive green roof design 

standard but standards for the various components include: 
  a. ANSI Z60:  Plant material. 
  b. National  Roofing Contractors Association: The NRCA Green Roof 

Systems Manual—2007 Edition. 
  c. ASTM E2396 - 11 Standard Test Method for Saturated Water 

Permeability of Granular Drainage Media [Falling Head Method] for 
Vegetative (Green) Roof Systems. 

  d. ASTM E2397 - 11 Standard Practice for Determination of Dead Loads 
and Live Loads Associated with Vegetative (Green) Roof Systems. 

  e. ASTM E2398 - 11 Standard Test Method for Water Capture and Media 
Retention of Geocomposite Drain Layers for Vegetative (Green) Roof 
Systems. 
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  f. ASTM E2399 - 11 Standard Test Method for Maximum Media Density 
for Dead Load Analysis of Vegetative (Green) Roof Systems. 

 
End of Sustainable Roofing Guidelines 
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