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THE HIGH PERFORMANCE HOME 

MANUAL 

This document, along with the detailed drawings, is presented to offer our clients a roadmap in 
developing an "High Performance" home.  This is not necessarily a "Green" home and does not take into 
consideration air-quality.  It focuses on resource efficiency, energy efficiency, water conservation, and 
"providing for the future"; all of which are a part of a “green” home design, but not exhaustive.  In some 
instances, we have provided “preferred” options as well as less costly means of attaining a near "High 
Performance" home. 

IMPORTANT:  It is important to note that this information (these parameters) and the related detailed 
drawings are specifically for homes that are to be built in Southwest Texas (primarily the "hill country" 
type climate).  The Climate Zone is three (3). 

Site Design Features: 

• Heat Mitigation: 
a. Shade hardscape (drives, walks, etc.) with shade trees or such. 
b. Utilize turf pavers for drive and/or walks, patios, etc. 

Resource Efficiency: 

• Drip edge (eaves and gables): 
a. Minimizes wicking and water distribution off roof material, decking, and fascia. 

• Roof Water Discharge: 
a. Provide gutters and downspout system with splash blocks (or such) to carry water a 

minimum of five feet from foundation (or utilize water harvesting system – see below). 
• Finish Grade: 

a. Provide a minimum fall of six inches for each ten feet from edge of building. 
• Flashing (galvanized metal): 

a. Flash roof valleys. 
b. Flash deck/balcony to building intersections. 
c. Flash at roof-to-wall intersections and roof-to-chimney intersections. 
d. Provide a drip cap above windows and doors that are not flashed or protected by 

coverings like pent roofs or are recessed in the exterior wall at least 24 inches. 
• Roofing: 

a. Composition:  Consider Energy Star®”Cool Roofing”.  This can reduce heating and cooling 
costs as much as 20% by reflecting solar heat gain. 
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b. Metal roof:  Develop a vented space between the metal “skin” and the roof decking (and 
moisture membrane) by using slotted metal furring strips horizontally 16” o.c. (verify 
spacing with roofing manufacturer. 

• Advanced Framing Techniques: 
a. See our framing details for certain types of construction, namely wood or metal stud 

framing (e.g. as follows). The purpose of this item is to conserve materials. 
1. Staggered stud walls. 
2. Raised plate to enhance and simplify the venting of the attic space. 
3. Raised heel truss to enhance and simplify the venting of the attic space. 
4. Pre-fabricated truss system(s). 
5. Have the contractor and the framing sub-contractor to jointly prepare a framing 

plan and material list. Assuming they are sufficiently sophisticated trades, this will 
save you material. 

Energy Efficiency: 

• Appliances: 
a. All appliances shall meet or exceed Energy Star® rating.  These appliances shall include 

but not be limited to refrigerators, ovens, ranges, dishwashers, clothes washers, dryers, 
ice makers, beverage coolers, etc. 

• Building Systems: 
a. Framing:  See detailed drawings concerning the various enhanced framing techniques. 

1. Staggered stud wall * 
2. Raised plate * 
3. Engineered trussed (not shown) 

*Purpose is to develop a structure that will enable an advanced insulation system 
and enhanced ventilation.  Raised plate is designed to prevent insulation filling up 
air cavity, omit need for baffles and prevent air flow below insulation. 

b. Sheathing:  OSB (oriented structural board or plywood; as specified by engineer. 
c. Moisture membrane:  Tyvek© or equal. 
d. Flashing of windows and exterior doors:  Tyvek© tape (see manufacture’s detailed 

application of said flashing tape. 
e. Roof decking:  Tech Shield © (foil back, face down toward attic floor). 
f. Venting (see detailed drawings also):   

1. Soffit:  utilize a continuously perforated product, like Hardi Soffit panel. 
2. Ridge vent:  continuous (see detailed drawings). 
3. Gable vent:  Sizing—Minimum of one inch for each 500 square feet of attic.  (If, for 

some reason, air does not flow by natural convection, use a solar powered vent 
fan.)  
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• Fenestration: 
a. Windows and exterior doors: 

1. Must be NFRC-certified (National Fenestration Registration Council) or equivalent, 
relating to their “U-Factor” and “SHGC”. 

The U-Factor is an energy efficiency term measuring the rate of thermal 
transmission (or heat loss).  The lower the number, the better (less heat loss). 

The SHGC is the Solar Heat Gain Coefficient.  It is the ration relating the amount of 
heat gain.  The lower the number is, the better the resistance to heat gain. 

Maximum coefficients:  (Climate Zone 3) ** 
       U-Factor SHGC 
Windows and exterior doors    .35  .30 
Skylights and “TDD” *     .35  .35 

*   TDD = Tubular Daylighting Device 
** Climate zone (see IECC, www.iccsafe.org) 

2. Window glazing must be "southern" low-e dual pane, insulated. 

 
• Air-Conditioning and Heating: 

a. Sizing of system:  Must be according to heating and cooling loads calculated using ACCA 
(Air-Conditioning Contractors of America) Manual J, or equivalent. 

b. Utilization of a two-stage heat pump unit is recommended for many situations. 
c. Also, we recommend zoning for multi-story structures or wings of homes that will be used 

infrequently or occasionally. 
d. Ducting system: 

1. To be designed per ACCA Manual D or equivalent. 
2. We highly recommend that every bedroom, den, study, or such (with doors) have 

a separate distribution and return air duct system. 
3. Ducts shall be sealed with tape complying with UL-181, mastic, gaskets, or an 

approved system as required by the ICC IRC, section M1601.3.1 or ICC IMC, 
section 603.9 to reduce leakage. 

4. Duct insulation shall be a minimum per IEC (International Energy Code). 
e. Geo-thermal, if cost effective, is worthy of consideration. 
f. Solar heating with photo plastic cell panels is not recommended at this time unless 

electricity is not available to the site. 
g. SEER rating:  (Heat pump) 

Climate Zone 3 = SEER – 15 to 17 
   EER – 12.5 
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h. Third party testing may be utilized to verify contractor’s installation: 
1. Balanced system:  The air flow at each supply and return register shall be within 

25 % of design flow. 
2. Total air flow shall be within 10 % of design flow. 
3. Building leakage rate:  Minimum 2-ACH-50. 
4. Duct system, including air handlers and register boots tested at a 0.1 inch w.g. (25 

Pa) shall have a maximum leakage as a percent of system design flow rate of 6 %. 
i. Thermostat:  We recommend a programmable thermostat that includes humidity 

monitoring and management. 
 

• Air Sealing:  (Air and Thermal Barrier) 
a. This is one of the most important, most abused, and least expensive energy saving item if 

applied correctly.  It often requires one to check and re-check the application in order to 
ensure its effectiveness.  (See drawings for correct application.) 

However, if a spray foam insulation is utilized, this process is not necessary, since the 
foam typically seals the gaps and penetrations.  The air permeance of the spray foam to 
provide this seal must be 0.02 L/s-m² or less @ 75 Pa. 

b. Methods of sealing: 
1. Non-expandable spray foam (Latex) 
2. Dupont Weatherization sealant (preferred) 
3. Bottom (toe plate) seal tape 

c. What to seal: (see drawings) 
1. After framing, but prior to sheathing (see drawings): 

 Framing “T”:  Spray foam and fill the cavity. 
 Framing corners:  Spray foam and fill the cavity. 
 Headers:  Utilize spaced headers and fill gaps with foam, or build headers 

with foam board between members. 
2. Prior to applying wallboard (ceiling board) and after electrical rough-in and 

plumbing top out: 
Toe plate: 
 Foam all penetrations in toe plate.  (If a toe plate [sill plate] seal is not used 

during framing, this gap between the toe (bottom) plate and foundation 
must be sealed.)  It would not be wrong to foam seal it regardless (or 
Dupont weatherization seal). 

Top plate:  Seal all penetrations: 
 Electrical conductor holes 
 Plumbing pipe penetrations 
 Framing gaps (butt joints) of top plate 
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Sheathing: 
 Sheathing butt joints (seal from inside) 
 Penetrations (i.e. exterior duplex outlets, wall lights, water faucets, etc) 

Studs: 
 Holes between stud bays (i.e. electrical or plumbing) 
 Any other penetrations 

3. After wallboard and ceiling board has been installed, air-conditioning ducts 
penetrations have been made. (see drawings) 
 Ceiling:  (Seal around) 

o Recessed light boxes 
o J-boxes (lights, etc.) 
o Air-conditioning returns and distribution duct penetrations 
o Any other penetrations 

 Skylights and other such penetrations 
 Attic stairs 

 
• Moisture Control: 

There are a number of potential moisture penetrations problems: 

a. Walls:  House wraps are very helpful in preventing moisture penetration from the outside 
environment into the wall cavity.  The following are recommended (pursuant to the 
application) to cover the sheathing: 

1. Wood siding, cement fiber board, hardboard siding (we never recommended this 
product) - use Tyvek® DrainWrap behind these veneer products. 

2. Stucco – use Tyvek® StuccoWrap behind this veneer product. 

3. Stone and/or brick - use Tyvek® HouseWrap with a water drainage product 
(spacer between masonry and Tyvek membrane which prevents water from being 
dammed by mortar build-up). 

4. Flashing - Tyvek® Tape  according to manufacturer’s instructions (window 
manufacture and Dupont – see www.dupont.com/tyvek). 
 Windows 
 Doors 
 Base flashing for masonry veneers 
 Skylights 

• Insulation:  (Air and Thermal Barrier) 
a. Installation 

1. Installation “grade” (per NGBS) preferably “1”; minimum “2”. 
2. Installed according to manufacturer’s instructions (or industry standard). 

http://www.dupont.com/tyvek
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3. Wall cavities shall be enclosed on all (6) six sides and is in substantial contact with 
the sheathing. 

4. See Attached. 
b. Types of insulation: 

1. Walls (conventional*): 
 Blow-in (not batts) fiberglass insulation R:22 min. 
 Spray or rigid foam insulation – must have permeance of 0.02 L/s-m² or 

less at 75 Pa.  Further, said material must fill the cavity (leaving no voids). 
* Other wall systems that satisfy this would include ICF (Insulated Concrete 
Forms), SIPS (Structural Insulated Panels) which utilize EPS (Extruded Poly-
Styrene) material and provide their own air barrier. 

2. Attic floor: 
 Most cost effective insulation is blown-in fiberglass – min R-38. Other 

substitutes are cellulose (treated for insect abuse). 
 An alternate fiberglass installation would be two layers of R-19 fiberglass 

batts each layer laid perpendicular to the other.  The shortcoming to this is 
the affect that the roof bracing will interrupt the installation, therefore, 
leaving gaps. 

 Reportedly the foam insulation in an unclosed situation can be a fire 
hazard.  There also reportedly is a fire retardant that reduces this problem.  
Not sure of this effectiveness; however, some bio-foams could be utilized 
in this application. 

3. Attic ceiling: 
 For Southwest Texas, we recommend a vented attic with a radiant barrier 

surface on the face down side of the roof decking; therefore, we do not 
recommend insulating the attic ceiling (see “Radiant Barriers” below). 

4. Special items: 
 Attic openings:  Seal with a gasket and insulate using rigid foam insulation. 
 Fireplace openings:  Utilize glass doors that seal tight and uses outside 

make-up air. 
5. Miscellaneous items: 

 Take special precautions to properly insulate the area behind a pre-fab 
tub/shower. Once the unit is installed, it is difficult to insulate and seal 
properly. 

 Knee walls should receive foil backed sheathing with the foil facing the 
attic. 

6. Air-conditioning ducts: 
 Preferred = R - 8 minimum 
 Satisfactory = R - 6 minimum 
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• Radiant Barrier: 
a. Roof Decks: 

1. The preferred system for dealing with thermal heat gain in the attic is the Dupont 
“Tyvek” AtticWrap – under decking without foil. 

2. The alternate product is a foil backed sheathing (i.e. TechShield). 
b. Knee walls (including such as skylight tunnels): 

Radiant barrier sheathing with foil toward attic. 

• Lighting: 
a. All light fixtures shall be Energy Star® approved or equal. 
b. Bulbs: 

1. Efficiency:  Bulbs shall provide a minimum of 40 lumens per watt or be solar 
powered. 

2. Preferred:  Utilize LED (Light Emitting Diodes) bulbs where possible. 
3. Secondary will be the use of CFs or Compact Fluorescent bulbs. 
4. In the case of emergency lights, it might be advisable to use halogen or LED.  

These lights need to shine brightly and quickly.  However, the halogen bulbs need 
to be used only in fixtures that are utilized infrequently. 

c. Occupancy sensors:  Utilize occupancy sensors (with adjustable timers) in rooms or 
locations where one spends a minimal amount of time (i.e. closets, storage rooms, etc.)  
Lutron makes an occupancy sensor for which the time of occupancy can be adjusted. 

d. Outdoor lighting: 
1. NGBS suggests occupancy sensors or motion sensors to be utilized for outdoor 

lighting.  Assuming we are referring to “Emergency Lights” (flood lights), if the 
home is in an area where deer are prevalent, these are not a good option.  We 
suggest using only a switch to be conveniently activated when the need arises and 
only use these fixtures for security lighting. 

2. Decorative light fixtures which one might desire illuminated all night could be 
controlled (activated and turned off) via a photo-electric cell switch that can be 
screwed into the light fixture. 

3. Hands-free lighting:  There are situations where one would like an area lit as he 
approaches (i.e. outdoor trash bin).  For this lighting, an occupancy sensor 
activating a LED bulb would be recommended. 

e. Recessed lights:  It is advisable to minimize the number of these fixtures.  Since the rough-
in box penetrates the ceiling board, it is difficult to adequately seal and insulate them. 

 
• Plumbing (energy related): 

a. Water Heaters: 
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1. Electric – We recommend the “Marathon” by Rheem or equal.  It has a fiberglass 
tank (rust free), polyurethane insulation, polyethylene shell.  The efficiency rate is 
.90 to .94 EFI; recovery rate is 20 GPN @ 90° (www.rheem.com).  The energy 
factor should be a minimum of .95 for 30 to 40 gallons; .94 for 40 to 50 gallons; 
.92 above. 

2. For weekend cabins, out buildings, “wings” of a home that will be seldom utilized, 
we recommend gas (or propane) fired tank-less water heaters. 

3. Natural gas or propane – The propane industry brags that a propane water heater 
is the most efficient and effective use of propane.  The energy factor should be a 
minimum of .94 (30 to 40 gallons); .62 for 40 to 50 gallons; .60 above. 

The discussion as to which is more energy efficient (cost effective) between 
electricity and natural gas or propane is in much debate.  For now, natural gas if 
available; however, we do not know what the future holds.  We will leave the 
speculation up to the client. 

4. Solar powered and wind powered – We believe that neither of these are yet cost 
effective and require management and maintenance that the typical homeowner 
might not appreciate. 

b. Plumbing System: 
1. Keep runs for hot water lines 40 ft. or less from water heater to kitchen and 

bathrooms.  (The shorter the distance, the better, 30 ft. preferred.) 
2. Special piping system designs are recommended as follows: 

 Structured-type plumbing with demand controlled hot water loops, in 
which the volume of water contained in the pipe and fixture fittings 
downstream of the re-circulating trunk link is a maximum of 4 cups (57.75 
cubic inches) or (0.25 gallons) of water, or 

 Engineered parallel piping system (i.e. manifold system) in which the hot 
water line(s) distance from the water heater to the parallel piping system 
is less than 15 ft. and the parallel piping to the fixture fittings contain a 
maximum of 8 cups (0.50 gallons). 

 Central core plumbing system with all plumbing fixture fittings (e.g. 
faucets, showerheads) located such that the volume of water contained in 
each pipe run between the water heater and fixture fitting is a maximum 
of 6 cups (0.38 gallons). 

3. Alternates to runs in excess of 40 ft.: 
When or if hot water pipe runs exceed 40 ft., consider: 
 Utilizing a tank-less water heater at point of use being served by cold water 

(could be boosted by heat recovery in stored tank or solar system booster). 
 Or, install an on-demand hot water re-circulating system. 

http://www.rheem.com/
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4. Water heating energy is considered most efficient when the water lines are 
installed in the slab vs. the attic in Climate Zone 3. 

5. Heat recovery:  If the project will utilize an electric water heater and a heat pump 
air-conditioning system, then one might consider a “Heat Recovery” system which 
circulates water through the heat pump coils and heats the water.  Keep in mind, 
that this is only effective when the compressor is in operation.  It will not heat the 
water when it is not running. 

Water Efficiency: 

• Water Conserving Appliances:  Washing machines and dishwashers shall be Energy Star® rated 
(or equivalent) with respect to water conservation, as well as energy conserving.  A food disposer 
is recommended for its water conserving quality. 

• Water Conserving Plumbing Fixtures: 
a. Showerheads 
 Preferred:  The total showerhead flow rate at any point in time in each shower 
 compartment is 1.6 to less than 2.5 gpm.  The total flow rate is tested at 80 psi (552 kPa) 
 in accordance with ASME A112.18.1.  Showers are equipped with an automatic 
 compensating valve that complies with ASSE 1016 or ASME A112.18.1 and specifically 
 designed to provide thermal shock and scald protection at the flow rate of the 
 showerhead. 

  Good:  Showerhead flow rate: 2.0 to less than 2.5 gpm 

  Fair: Showerhead flow rate: 1.6 to less than 2.0 gpm 

 Note:  One (1) gallon per minute = 3.785 liters/minute. 

b. Faucets:  Water-efficient lavatory faucets shall be 1.5 gpm (5.68 L/m) or less maximum 
flow rate when tested at 60 psi (414 kPa) in accordance with ASME A112.18.1 are 
installed. 

c. Water Closets:  A water closet is installed with an effective flush volume of 1.28 gallons 
(4.85 L) or less when tested in accordance with ASME A112.19.2 (all water closets) and 
ASME A112.19.14 (all dual flush water closets), and is in accordance with EPA WaterSense 
Tank-Type High-Efficiency Toilet. 

d. Urinals:  A urinal shall be installed with a flush volume of 0.5 gallons (1.9 L) or less when 
tested in accordance with ASME A112.19.2. 

e. Irrigation Systems:  For each landscape type there shall be an individual run and all runs 
shall be low-volume. 

 Preferred:  The system shall be designed in accordance with EPA (Environmental 
 Protection Agency) WaterSense requirements or equivalent. 
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 Suggestion:  Utilize irrigation controller with a rain sensor to measure ET 
 (EvapoTranspiration). 

f. Automatic shut off water devices: 
1. Excess water flow shut off, or 
2. Leak detection system 
 Note:  If a fire sprinkler system is installed, ensure that these devices will not 
 interfere with the system. 

g. Grey Water Reclamation:  See "Planning for the Future" below. 
h. Rainwater Harvesting:  We highly recommend a rainwater harvesting system for the 

following uses: 
1. Water closets 
2. Irrigation 
3. Hose bibs and/or 
4. Clothes washing 

Utilizing water harvesting for potable water uses (drinking, showers, and dishwashing) as 
well as non-potable uses first requires a large volume of storage tanks.  It also involves a 
rather sophisticated mechanical system for managing the sanitation of the water.  Most 
will not want to spend their time doing so.  The exception, naturally is where there is no 
public or private sources of water available. 

Planning For the Future: 

 Some of the below mentioned items (systems) should be strongly considered prior to 
 construction, even if not utilized at this time. 

• Grey Water utilization:  (See above)   
 We recommend that one consider a system that would utilize a portion of the grey water 
that is  only, say, from one side of the house (the side which would produce the most volume of 
waste water - usually the kitchen side).  The purpose of this is that grey water systems require a 
separate drain system for the grey water and for the brown water.  In effect, the commodes and 
kitchen sink have to have their own drain system and cannot be used for secondary use.  So to 
have two systems for the entire house gets rather expensive. 

  
 Assuming two drain systems have been developed and you are not ready to utilize the 
grey  water, you will want to tie the grey water system back into the brown water system until 
you are ready to use this water.  At this time a good grey water system will have a filtering 
system (requires maintenance) and a temporary holding tank (currently the water must be 
dispensed within 24 hours) into the sun exposed environment.  The system therefore needs an 
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overflow option once the holding tank becomes full.  So the system at this point needs to divert 
waste into the brown water system. 

 
 Note:  At this time systems for filtering water for even commode usage is not feasible for 
 residential use. It is not cost effective. 
 
• Separate Light Panel with a transfer switch: 
 If the lights circuits (and perhaps refrigerator) can be separated from the power, it could serve 
 several different uses: 

a. Emergency generator (natural gas or propane fueled):  The contractor will need to provide a 
receptacle for the generator plug and a transfer switch that will transfer from public power to 
generator power. 

b. Low Voltage, LED lighting system:  As LED light bulbs decline in price, one will be able to 
utilize a LED lighting system powered by a low-voltage system.  A transfer switch installed 
during construction would make this transition easier when needed. 

c. Solar or Wind power:  Neither of these is cost effective at this time; however, could become 
so in the future.  You might consider providing a transfer switch to accommodate future 
battery source of fuel for the lighting. 

• Rainwater Harvesting: 
 (also see "Water Efficiency: f" above) 

 Think ahead of how you desire to utilize the harvested rainwater.  Even if it will not now 
be developed at the time of initial construction, it is wise to prepare the plumbing system during 
construction to receive the water from the harvested water storage tank.  If the water is to be 
utilized for irrigation (and/or hose bibs) then this needs to have a separate line with a valve that 
can switch back and forth between public (or well) water to harvested water. 

a. If also to be used for commode usage, we recommend a modified manifold system that 
would have three options: 

1. Hose bibs (and irrigation) 
2. Commode 
3. Other (the remainder of the system) 

b. If the system will be utilized for potable water in addition to the other, then only a 
transfer valve will be needed. 

c. If the system will utilize the potable water in addition to one of the other options, then as 
mentioned above, separate systems with transfer valves will be required. 

d. Underground PVC piping should be installed under walks, driveways, etc. to enable easier 
future installation of a harvesting system.  Tank locations (and quantity) shall be 
established up front (during construction).  Typically the water harvesting tank should be 
75 ft. away from a septic system. 

• Whole House Fan: 
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 Consider a whole house fan.  One must utilize non-air-conditioned air movement in order for the 
 whole house fan to be of benefit.  Things to consider: 

a. Location.  Usually near center of the house. 
b. The fan should be located remotely from its penetration through the ceiling; and perhaps 

a bend in the duct between the two.  The purpose is to reduce noise. 
c. The louvered vent must seal very well. 
d. Assuming there is a vented attic, exhausting the air could force the hot air in the attic to 

move out replacing it with cooler air.  (Some fire codes might have a problem with this). 
 
SYLLABUS: 
 ACH=Air Changes per hour (ACH at 50 Pa) ,measurement of a building’s airthightness. 
 Pa=Pascal (pressure measurment 
 IEC = International Energy Code 
 NGBS = National Green Building Standard - 2008 
 ICF = Insulated Concrete Forms 
 SIPS = Structural Insulated Panels 
 EPS = Extruded Poly-Styrene 
 LED = Light Emitting Diodes 
 ASSE = American Society of Safety Engineers 
 ASME = American Society of Mechanical Engineers 
 EPA = Environmental Protection Agency 
 NFRC = National Fenestration Registration Council 
 SHGC = Solar Heat Gain Coefficient 
 TDD = Tubular Daylighting Device 
 ET = evapotranspiration 
 Gpm=Gallons per minute 



http://www.greenbuildingadvisor.com/blogs/d
ept/musings 

Musings of an Energy Nerd 

 

Understanding Energy Units 

Posted on June 22, 2012 by Martin Holladay, GBA Advisor  

If you’ve ever been confused by the difference between 500 Btu and 500 Btu/h, you probably 
can use a handy cheat sheet to explain energy units. As a guide through the thorny thickets of 
energy, power, and the units used to measure them, I’ve assembled some questions and 
attempted to answer them. 

Read More | 20 Comments  

 

Joe Lstiburek Discusses Basement Insulation and Vapor Retarders 

Posted on June 15, 2012 by Martin Holladay, GBA Advisor  

http://www.greenbuildingadvisor.com/blogs/dept/musings
http://www.greenbuildingadvisor.com/blogs/dept/musings/understanding-energy-units
http://www.greenbuildingadvisor.com/users/martin-holladay
http://www.greenbuildingadvisor.com/blogs/dept/musings/understanding-energy-units
http://www.greenbuildingadvisor.com/blogs/dept/musings/understanding-energy-units#post_comments
http://www.greenbuildingadvisor.com/blogs/dept/musings/joe-lstiburek-discusses-basement-insulation-and-vapor-retarders
http://www.greenbuildingadvisor.com/users/martin-holladay
http://www.greenbuildingadvisor.com/blogs/dept/musings/understanding-energy-units
http://www.greenbuildingadvisor.com/blogs/dept/musings/joe-lstiburek-discusses-basement-insulation-and-vapor-retarders


Dr. Joseph Lstiburek needs little introduction. The well-known Canadian engineer is a principal 
of the Building Science Corporation in Massachusetts. He’s also a regular GBA podcaster and 
Fine Homebuilding author. 

On Wednesday, June 6th, I attended an all-day building science class presented by Dr. Joe in 
Westford, Massachusetts. As usual, his presentation combined salty language, corny jokes, light-
hearted insults, and rock-solid building science information. 

Read More | 37 Comments  

 

Broken Ventilation Equipment Goes Unnoticed for Years 

Posted on June 8, 2012 by Martin Holladay, GBA Advisor  

Years ago, when I worked as a home inspector, I was hired to perform a capital needs assessment 
at a Buddhist retreat center in rural Vermont. In an obscure mechanical closet I discovered a 
heat-recovery ventilator that the facilities manager didn’t even know existed. 

The HRV had been installed at least a dozen years before. The filter, which had never been 
changed since the day it was installed, was totally clogged. The HRV was no longer working — 
perhaps the motor had burned out years ago. I advised the owners to call an HVAC contractor to 
have the unit serviced. 

Read More | 36 Comments  

 

Belgian Passivhaus is Rendered Uninhabitable by Bad Indoor Air 

Posted on June 1, 2012 by Martin Holladay, GBA Advisor  

The first single-family Passivhaus in the U.S. was completed by Katrin Klingenberg in 2004. 
Klingenberg’s superinsulated home in Urbana, Illinois includes two unusual features: a 
ventilation system that pulls fresh outdoor air through a buried earth tube, and walls that include 
an interior layer of OSB. These details were not invented by Klingenberg; she adopted practices 
that were commonly used by European Passivhaus builders. 

http://www.greenbuildingadvisor.com/advisors/joe-lstiburek-gba-advisor
http://www.greenbuildingadvisor.com/blogs/dept/musings/joe-lstiburek-discusses-basement-insulation-and-vapor-retarders
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http://www.greenbuildingadvisor.com/users/martin-holladay
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http://www.greenbuildingadvisor.com/blogs/dept/musings/broken-ventilation-equipment-goes-unnoticed-years#post_comments
http://www.greenbuildingadvisor.com/blogs/dept/musings/belgian-passivhaus-rendered-uninhabitable-bad-indoor-air
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Read More | 87 Comments  

 

Window-Mounted Air Conditioners Save Energy 

Posted on May 25, 2012 by Martin Holladay, GBA Advisor  

Window-mounted air conditioners (also called room air conditioners) aren’t particularly 
efficient; the best available models have an EER of about 10 or 11. Central air conditioners (also 
called whole-house air conditioners or split-system air conditioners) are significantly more 
efficient; it’s possible to buy one with an EER of 14 or even 15. 

So if you care about energy efficiency, you should use a central air conditioner, not a window air 
conditioner — right? Well, not necessarily. 

Read More | 50 Comments  

 

Choosing an Energy-Efficient Refrigerator 

Posted on May 18, 2012 by Martin Holladay, GBA Advisor  

Because federal appliance efficiency standards have gotten more stringent, new refrigerators use 
much less energy than those sold in the 1970s. These days, it’s fairly easy to find a full-size 
refrigerator that requires only 350 to 500 kWh per year — significantly less than the 1,000 
kWh/year energy hogs of yore. 

Read More | 46 Comments  
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When Do I Need to Perform a Load Calculation? 

Posted on May 11, 2012 by Martin Holladay, GBA Advisor  

In my last three blogs, I discussed the basics of heat-loss and cooling load calculations. The 
unfortunate truth about these calculations is that fast methods aren’t particularly accurate, and 
accurate methods require making measurements, checking specifications, and entering data into 
a computer program — in other words, a significant investment of time. 

So how should builders go about making these calculations? 

Read More | 10 Comments  

 

Calculating Cooling Loads 

Posted on May 4, 2012 by Martin Holladay, GBA Advisor  

A few decades ago, residential air conditioning was very rare in colder areas of the U.S., and 
cooling load calculations were usually unnecessary. These days, however, new U.S. homes 
routinely include air conditioning equipment, even in Minnesota, so most U.S. builders are faced 
with the need to calculate cooling loads. 

Read More | 28 Comments  

 

Report from the NAHB Green Conference 

Posted on May 1, 2012 by Martin Holladay, GBA Advisor  
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The NAHB Green conference is being held this week (April 29 to May 1, 2012) in Nashville, 
Tennessee. Several GBA employees and bloggers — including Dan Morrison, Michael 
Chandler, Peter Yost, Ted Clifton, and me — are attending. 

Nashville has a number of famous buildings, including a full-scale replica of the Parthenon. 
Nashville's Parthenon isn't made of quarried marble, however; it's made of concrete. So how's the 
concrete quality? Do the columns resemble marble? 

Read More | 4 Comments  

 

How to Perform a Heat-Loss Calculation — Part 2 

Posted on April 27, 2012 by Martin Holladay, GBA Advisor  

To continue last week’s discussion of heat-loss calculation methods, let’s consider a simple 
rectangular building, 20 feet by 30 feet, with 8-foot ceilings. Let’s assume it has an 8-foot-high 
basement with uninsulated concrete walls; the below-grade portion of the basement is 7 feet 
high, with 1 foot above grade. 

To keep things simple, we’ll assume that the house has a flat roof, and that each side of the house 
has two windows (each 3 ft. by 4 ft.) and one door (3 ft. by 7 ft.). The house doesn’t have a 
chimney. 

Read More | 28 Comments  
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LED lamp 
From Wikipedia, the free encyclopedia 
Jump to: navigation, search  

 
 

An assortment of LED lightbulbs commercially available as of 2010 as replacements for screw-
in bulbs, including floodlight fixtures (left), reading light (center), household lamps (center right 
and bottom), and low-power accent light (right) applications. 

 
 

A 17W tube of LEDs which has the same intensity as a 45W fluorescent tube 

 
 

LED spotlight using 60 individual diodes for mains voltage power 

An LED lamp (or LED light bulb) is a solid-state lamp that uses light-emitting diodes (LEDs) 
as the source of light. LED lamps offer long service life and high energy efficiency, but initial 
costs are higher than those of fluorescent and incandescent lamps. Chemical decomposition of 
LED chips reduces luminous flux over life cycle as with conventional lamps. 

The LEDs involved may be conventional semiconductor light-emitting diodes, organic LEDs 
(OLED), or polymer light-emitting diodes (PLED) devices. However, PLED technologies are not 
commercially available. Diode technology improves steadily. 
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LED lamps can be made interchangeable with other types of lamps. Assemblies of high power 
light-emitting diodes can be used to replace incandescent or fluorescent lamps. Some LED lamps 
are made with identical bases so that they are directly interchangeable with incandescent bulbs. 
Since the luminous efficacy (amount of visible light produced per unit of electrical power input) 
varies widely between LED and incandescent lamps, lamps are usefully marked with their lumen 
output to allow comparison with other types of lamps. LED lamps are sometimes marked to 
show the watt rating of an incandescent lamp with approximately the same lumen output, for 
consumer reference in purchasing a lamp that will provide a similar level of illumination. 

Efficiency of LED devices continues to improve, with some chips able to emit > 100 lumens per 
watt. LEDs do not emit light in all directions, and their directional characteristics affect the 
design of lamps. The efficiency of conversion from electric power to light is generally higher 
than with incandescent lamps. Since the light output of many types of light-emitting diodes is 
small compared to incandescent and compact fluorescent lamps, in most applications multiple 
diodes are assembled. 

Diodes use direct current (DC) electrical power. To use them from standard AC power they are 
operated with internal or external rectifier circuits that provide a regulated current output at low 
voltage. LEDs are degraded or damaged by operating at high temperatures, so LED lamps 
typically include heat dissipation elements such as heat sinks and cooling fins. 

Contents 
• 1 Technology overview 
• 2 Application 
• 3 Household LED lamps  

o 3.1 Lamp sizes and bases 
o 3.2 LED light bulbs 
o 3.3 Specialty uses 
o 3.4 Pioneering mass use 

• 4 Comparison to other lighting technologies 
• 5 Research and development  

o 5.1 US Department of Energy 
o 5.2 National Institute of Standards and Technology 
o 5.3 Environmental Protection Agency 
o 5.4 Other venues 

• 6 Remaining problems 
• 7 Applications 
• 8 See also 
• 9 References 
• 10 Further reading 
• 11 External links 

Technology overview 

http://en.wikipedia.org/wiki/Luminous_efficacy
http://en.wikipedia.org/wiki/Lumen_%28unit%29
http://en.wikipedia.org/wiki/Luminous_flux
http://en.wikipedia.org/wiki/Incandescent_bulb
http://en.wikipedia.org/wiki/Compact_fluorescent_lamps
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Thermal_management_of_high-power_LEDs
http://en.wikipedia.org/wiki/Heat_sink
http://en.wikipedia.org/wiki/Fin_%28extended_surface%29
http://en.wikipedia.org/wiki/LED_lamp#Technology_overview
http://en.wikipedia.org/wiki/LED_lamp#Application
http://en.wikipedia.org/wiki/LED_lamp#Household_LED_lamps
http://en.wikipedia.org/wiki/LED_lamp#Lamp_sizes_and_bases
http://en.wikipedia.org/wiki/LED_lamp#LED_light_bulbs
http://en.wikipedia.org/wiki/LED_lamp#Specialty_uses
http://en.wikipedia.org/wiki/LED_lamp#Pioneering_mass_use
http://en.wikipedia.org/wiki/LED_lamp#Comparison_to_other_lighting_technologies
http://en.wikipedia.org/wiki/LED_lamp#Research_and_development
http://en.wikipedia.org/wiki/LED_lamp#US_Department_of_Energy
http://en.wikipedia.org/wiki/LED_lamp#National_Institute_of_Standards_and_Technology
http://en.wikipedia.org/wiki/LED_lamp#Environmental_Protection_Agency
http://en.wikipedia.org/wiki/LED_lamp#Other_venues
http://en.wikipedia.org/wiki/LED_lamp#Remaining_problems
http://en.wikipedia.org/wiki/LED_lamp#Applications
http://en.wikipedia.org/wiki/LED_lamp#See_also
http://en.wikipedia.org/wiki/LED_lamp#References
http://en.wikipedia.org/wiki/LED_lamp#Further_reading
http://en.wikipedia.org/wiki/LED_lamp#External_links


 
 

Dropped ceiling with LED lamps 

General-purpose lighting needs white light. LEDs emit light in a very small band of wavelengths, 
emitting light of a color characteristic of the energy bandgap of the semiconductor material used 
to make the LED. To emit white light from LEDs requires either mixing light from red, green, 
and blue LEDs, or using a phosphor to convert some of the light to other colors. 

The first method (RGB- or trichromatic white LEDs) uses multiple LED chips, each emitting a 
different wavelength, in close proximity to generate the broad spectrum of white light. The 
advantage of this method is that the intensity of each LED can be adjusted to "tune" the character 
of the light emitted. The major disadvantage is high production cost. The character of the light 
can be changed dynamically by adjusting the power supplied to the different LEDs. 

The color rendering of RGB LEDs, however, is worse than one would expect; the wavelength 
gap between red and green is much larger than that between green and blue, resulting in an 
uneven spectral density. An orange fruit, for example, does reflect some red and it does reflect 
some green, but not in a ratio that the human retina interprets as orange. Neglecting to poll the 
orange line makes most orange objects appear reddish. RGB LEDs are therefore suitable for 
display purposes, but less so for illumination, which prompted some manufacterers to add a 
fourth, amber LED, marketing the product as RGBA LED (not to be confused with the RGBA 
color space) or tetrachromatic white LED. It can be expected that the number of colors will be 
further increased to six or more, equally-tempered wavelengths. 

The second method, phosphor converted LEDs (pcLEDs) uses one short wavelength LED 
(usually blue or ultraviolet) in combination with a phosphor which absorbs a portion of the blue 
light and emits a broader spectrum of white light. (The mechanism is similar to the way a 
fluorescent lamp emits white light from a UV-illuminated phosphor.) The major advantage is the 
low production cost, and high CRI (color rendering index), but the phosphor conversion reduces 
the efficiency of the device, partly due to the Stokes shift effect. The character of the light cannot 
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be changed dynamically. The low cost and adequate performance makes it the most widely used 
technology for general lighting today. 

A single LED is a low-voltage solid state device and cannot be directly operated on standard 
high-voltage AC power without circuitry to control the current flow through the lamp. In 
principle a series diode and resistor could be used to limit the current and to control its direction, 
but this would be very inefficient since most of the applied power would be dissipated by the 
resistor. A series string of LEDs would minimize dropped-voltage losses, but one LED failure 
would extinguish the whole string. Paralleled strings increase reliability by providing 
redundancy. In practice, three or more strings are usually used. To be useful for illumination a 
number of LEDs must be placed close together in a lamp to combine their illuminating effects 
because, as of 2011, the largest available LEDs emit only a small fraction of the light of 
traditional light sources. When using the color-mixing method a uniform color distribution can 
be difficult to achieve, while the arrangement of white LEDs is not critical for color balance. 
Further, degradation of different LEDs at various times in a color-mixed lamp can lead to an 
uneven color output. LED lamps usually consist of clusters of LEDs in a housing with driver 
electronics, a heat sink, and optics. 

Application 
LED lamps are used for both general and special-purpose lighting. Where colored light is 
needed, LEDs naturally emitting many colors are available, with no need for filters. This 
improves the energy efficiency over a white light source that generates all colors of light then 
discards some of the visible energy in a filter. 

 
 

BAPS Shri Swaminarayan Mandir Atlanta Illumination with color mixing LED fixtures. 

Compared to fluorescent bulbs, introduced at the 1939 World's Fair, advantages claimed for LED 
light bulbs are that they contain no mercury (unlike a Compact fluorescent lamp or CFL), that 
they turn on instantly, and that lifetime is unaffected by cycling on and off, so that they are well 
suited for light fixtures where bulbs are often turned on and off. LED light bulbs are also 
mechanically robust; most other artificial light sources are fragile. 

White-light light-emitting diode lamps have longer life expectancy and higher efficiency (the 
same light for less electricity) than most other lighting. LED sources are compact, which gives 
flexibility in designing lighting fixtures and good control over the distribution of light with small 
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reflectors or lenses. Because of the small size of LEDs, control of the spatial distribution of 
illumination is extremely flexible,[1] and the light output and spatial distribution of a LED array 
can be controlled with no efficiency loss. 

LED lamps have no glass tubes to break, and their internal parts are rigidly supported, making 
them resistant to vibration and impact. With proper driver electronics design, an LED lamp can 
be made dimmable over a wide range; there is no minimum current needed to sustain lamp 
operation. 

LEDs using the color-mixing principle can emit a wide range of colors by changing the 
proportions of light generated in each primary color. This allows full color mixing in lamps with 
LEDs of different colors.[2] In contrast to other lighting technologies, LED emission tends to be 
directional (or at least lambertian). This can be either an advantage or a disadvantage, depending 
on requirements. For applications where non-directional light is required, either a diffuser is 
used, or multiple individual LED emitters are used to emit in different directions. 

Household LED lamps 

LED lamps 

 

LED Lamp with E27 
Edison screw, 
interchangeable with 
incandescent lamps   
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Top view of a Philips 12.5 
W LED lamp, 
interchangeable with a 60 
watt incandescent lamp   

 

LED spotlight using 38 
individual diodes for mains 
voltage power   

 

LED tubes in various 
lengths   
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LED lamp with GU5.3 base 
and aluminum heat sink, 
intended to replace halogen 
reflector lamps   

 

Lamp sizes and bases 

LED lamps intended to be interchangeable with incandescent lamps are made in standard light 
bulb shapes, such as an Edison screw base, an MR16 shape with a bi-pin base, or a GU5.3 (Bipin 
cap) or GU10 (bayonet socket) and are made compatible with the voltage supplied to the sockets. 
LED lamps include circuitry to rectify the AC power and to convert the voltage to a level usable 
by the LED. 

LED light bulbs 

LED lamps are made that replace screw-in incandescent or compact fluorescent light bulbs. Most 
LED lamps replace incandescent bulbs rated from 5 to 60 watts. As of 2010, some LED lamps 
replace higher wattage bulbs; For example, one manufacturer claims a 16-watt LED bulb as 
bright as a 150W halogen lamp.[3] A standard general-purpose incandescent bulb emits light at an 
efficiency of about 14 to 17 lumens/W depending on its size and voltage. According to the 
European Union standard, an energy-efficient bulb that claims to be the equivalent of a 60W 
tungsten bulb must have a minimum light output of 806 lumens.[4] 
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A selection of consumer LED bulbs available as drop-in replacements for incandescent bulbs in 
screw-type sockets 

Some models of LED bulbs work with dimmers as used for incandescent lamps. LED lamps 
often have directional light characteristics. The lamps have declined in cost to between US$30 to 
$50 each as of 2010. These bulbs are more power-efficient than compact fluorescent bulbs[5] and 
offer lifespans of 30,000 or more hours, reduced if operated at a higher temperature than 
specified. Incandescent bulbs have a typical life of 1,000 hours, compact fluorescents about 
8,000 hours.[citation needed] The bulbs maintain output light intensity well over their life-times. 
Energy Star specifications require the bulbs to typically drop less than 10% after 6000 or more 
hours of operation, and in the worst case not more than 15%.[6] They are also mercury-free, 
unlike fluorescent lamps. LED lamps are available with a variety of color properties. The higher 
purchase cost than other types may be more than offset by savings in energy and maintenance.[7] 

Several companies offer LED lamps for general lighting purposes. The technology is improving 
rapidly and new energy-efficient consumer LED lamps are available.[8] 

Specialty uses 

 
 

LED Flashlight replacement bulb (left), with tungsten equivalent (right) 

White LED lamps have achieved market dominance in applications where high efficiency is 
important at low power levels. Some of these applications include flashlights, solar-powered 
garden or walkway lights, and bicycle lights. Monochromatic (colored) LED lamps are now 
commercially used for traffic signal lamps, where the ability to emit bright monochromatic light 
is a desired feature, and in strings of holiday lights. 

LED lights have also become very popular in gardening and agriculture by 2010. First used by 
NASA to grow plants in space, LEDs came into use for home and commercial applications for 
indoor horticulture (aka grow lights). The wavelengths of light emitted from LED lamps have 
been specifically tailored to supply light in the spectral range needed for chlorophyll absorption 
in plants, promoting growth while reducing wastage of energy by emitting minimal light at 
wavelengths that plants do not require. The red and blue wavelengths of the visible light 
spectrum are used for photosynthesis, so these are the colors almost always used in LED grow 
light panels. 

Pioneering mass use 
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In 2008 Sentry Equipment Corporation in Oconomowoc, Wisconsin, USA, was able to light its 
new factory interior and exterior almost solely with LEDs. Initial cost was three times more than 
a traditional mix of incandescent and fluorescent lamps, but the extra cost will be repaid within 
two years via electricity savings, and the lamps should not need replacing for 20 years.[9] In 
2009, the Manapakkam, Chennai office of the Indian IT company iGate spent ₨ 3,700,000 
(US$80,000) to light 57,000 sq ft (5,300 m2) of office space with LEDs. The firm expects the 
new lighting to pay for itself fully within 5 years.[10] 

 
 

LEDs as Christmas illumination in Viborg, Denmark. 

In 2009 the exceptionally big Christmas tree standing in front of the Turku Cathedral in Finland 
was hung with 710 LED bulbs, each using 2 watts. It has been calculated that these LED lamps 
will pay for themselves in three and a half years, even though the lights run for only 48 days per 
year.[11] 

In 2009 a new highway (A29) was inaugurated in Aveiro, Portugal, it included the first European 
public LED-based lighting highway[12] 

By 2010 mass installations of LED lighting for commercial and public uses were becoming 
common. LED lamps have also been used for a number of demonstration projects for outdoor 
lighting and LED street lights. The United States Department of Energy has available several 
reports on the results of many pilot projects for municipal outdoor lighting.[13] Many additional 
streetlight and municipal outdoor lighting projects have been announced.[14] 

Comparison to other lighting technologies 
See luminous efficacy for an efficiency chart comparing various technologies. 

• Incandescent lamps (light bulbs) generate light by passing electric current through a 
resistive filament, thereby heating the filament to a very high temperature so that it glows 
and emits visible light. A broad range of visible frequencies are naturally produced, 
yielding a "warm" yellow or white color quality. Incandescent light is highly inefficient, 
as about 98% of the energy input is emitted as heat.[15] A 100 W light bulb emits about 
1,700 lumens, about 17 lumens/W. Incandescent lamps are relatively inexpensive to 
make. The typical lifespan of an AC incandescent lamp is around 1,000 hours.[16] They 
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work well with dimmers. Most older light fixtures are designed for the size and shape of 
these traditional bulbs. 

• Fluorescent lamps (light bulbs) work by passing electricity through mercury vapor, which 
in turn emits ultraviolet light. The ultraviolet light is then absorbed by a phosphor coating 
inside the lamp, causing it to glow, or fluoresce. While the heat generated by a 
fluorescent lamp is much less than its incandescent counterpart, energy is still lost in 
generating the ultraviolet light and converting this light into visible light. If the lamp 
breaks, exposure to mercury can occur. Linear fluorescent lamps are typically five to six 
times the cost of equivalent incandescent lamps but have life spans around 10,000 and 
20,000 hours. Lifetime varies from 1,200 hours to 20,000 hours for compact fluorescent 
lamps. Most fluorescent lamps are not compatible with dimmers. Those with "iron" 
ballasts flicker at 100 or 120 Hz, and are less efficient.[citation needed] The latest T8-sized 
triphosphate fluorescent lamps made by Osram, Philips, Crompton and others have a life 
expectancy greater than 50,000 hours, if coupled with a warm-start electronic ballast. The 
life expectancy depends on the number of on/off cycles, and is lower if the light is cycled 
often. The efficiency of these new lamps approaches 100 lumens/W.[citation needed] The 
efficiency of fluorescent tubes with modern electronic ballasts and compact fluorescents 
commonly ranges from 50 to 67 lumens/W. For comparison, general household LED 
bulbs available in 2011 emit 64 lumens/W,[17] with the best LED bulbs coming in at about 
100 lumens/W.[18] 

Cost Comparison 

 Incandescent Halogen Fluorescent LED 
(Generic) 

LED 
(Philips) 

LED 
(Philips L-
Prize) 

Purchase price $2[19] $4[20] $4[21] $20[18] $25[22] $50[23] 
Electricity usage 60 W 42 W 13 W 9 W 12.5 W 10 W 
Lumens 660 570 660[24] 900 800 940 
Lumens/Watt 11 13.6 50.8 100 64 94 
Color Temperature 
Kelvin 2700 3100[25] 2700 3000 2700 2700 

CRI 100 100 82 >75[26] 85 92 
Lifespan (hours) 2,000 3,500 8,000 25,000 25,000 30,000 
Bulb cost over 10 years – 
@6hours/day $21.90 $25.03 $10.95 $17.52 $21.90 $36.50 

Energy cost over 10 years 
– @15cents/kWhr $197.10 $137.97 $42.71 $29.57 $41.06 $32.85 

Total $219.00 $163.00 $53.66 $47.09 $62.96 $69.35 
Comparison based on 6 hours use per day (21,900 hours over 10 yrs) 

Research and development 
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US Department of Energy 

 
 

Comparison of Philips LED bulbs intended as screw-in replacements for the 60-W incandescent 
bulb. The original Philips A-19 "Endura LED" bulb is on the left, and the L-Prize bulb on the 
right. 

In May 2008, the U. S. Department of Energy (DOE) announced details of the Bright Tomorrow 
Lighting Prize competition, known as the "L Prize". This is the first government-sponsored 
technology competition designed to spur lighting producers to develop high quality, high 
efficiency solid-state lighting products to replace the common light bulb. The competition will 
award cash prizes, and may also lead to opportunities for federal purchasing agreements, utility 
programs, and other incentives for winning products. 

The Energy Independence and Security Act (EISA) of 2007 authorized the DOE to establish the 
Bright Tomorrow Lighting Prize competition. The legislation challenges industry to develop 
replacement technologies for the most commonly used and inefficient products, 60 W 
incandescent lamps and PAR 38 halogen lamps. The L Prize specifies technical requirements for 
these two competition categories. Lighting products meeting the competition requirements would 
use just 17% of the energy used by most incandescent lamps in use today. A future L Prize 
program announcement will call for developing a new “21st Century Lamp,” as authorized in the 
legislation. 

The EISA legislation establishes basic requirements and prize amounts for each category. The 
legislation authorizes up to $20 million in cash prizes.[27] On September 24, 2009 the DOE 
announced that Philips Lighting North America was the first to submit lamps in the category to 
replace the standard 60 W A-19 "Edison screw fixture" light bulb,[7] with a design based on their 
earlier "EnduraLED" consumer product. On August 3, 2011, DOE awarded the prize in the 60 W 
replacement category to Philips bulb after 18 months of extensive testing.[28] The same day, 
CREE demonstrated a prototype lamp producing 1330 lumens with a mere 8.7 W of input 
power.[29] While the CREE lamp has not undergone DOE reliability testing and no commercial 
release date was promised, it is an indication that the "21st Century Lamp" performance levels 
may soon be within reach of commercial products. 

The 10-W, 900-lumen Philips bulb was made available to consumers in April 2012.[30] 
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National Institute of Standards and Technology 

In June 2008, scientists at the National Institute of Standards and Technology (NIST) announced 
the first two standards for solid-state lighting in the United States. These standards detail the 
color specifications of LED lamps and LED light fixtures, and the test methods that producers 
should use when testing these solid-state lighting products for total light output, energy use, and 
chromaticity or color quality. 

The Illuminating Engineering Society of North America (IESNA) published a documentary 
standard LM-79, which describes the methods for testing solid-state lighting products for their 
light output (lumens), energy efficiency (lumens per watt) and chromaticity. 

The solid-state lights being studied are intended for general illumination, but white lights used 
today vary greatly in chromaticity, or specific shade of white. The American National Standards 
Institute (ANSI) published the standard C78.377-2008, which specifies the recommended color 
ranges for solid-state lighting products using cool to warm white LEDs with various correlated 
color temperatures.[31] 

DOE launched the Energy Star program for solid-state lighting products in 2008. NIST scientists 
assisted DOE by providing research, technical details and comments for the Energy Star 
specifications. Energy Star certification assures consumers that products save energy and are 
high quality and also serves as an incentive for producers to provide energy-saving products for 
consumers. 

Environmental Protection Agency 

In the United States and Canada, the Energy Star program since 2008 labels lamps that meet a set 
of standards for starting time, life expectancy, color, and consistency of performance. The intent 
of the program is to reduce consumer concerns due to variable quality of products, by providing 
transparency and standards for the labeling and usability of products available in the market.[32] 
Energy Star Light Bulbs for Consumers is a resource for finding and comparing Energy Star 
qualified lamps. 

Other venues 

In the United Kingdom a program is run by the Energy Saving Trust to identify lighting products 
that meet energy conservation and performance guidelines.[33] 

Philips Lighting has ceased research on compact fluorescents, and is devoting the bulk of its 
research and development budget, 5 percent of the company's global lighting revenue, to solid-
state lighting.[9] 

In January 2009, it was reported that researchers at Cambridge University had developed an LED 
bulb that costs £2 (about $3 U.S.), is 12 times as energy efficient as a tungsten bulb, and lasts for 
100,000 hours.[34] Honeywell Electrical Devices and Systems (ED&S) recommend world wide 
usage of LED lighting as it is energy efficient and can help save the Climate.[35] 
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Remaining problems 
The production process of white LEDs is complex and many aspects have room for 
improvement. This means that the production price of volume products is still relatively high 
compared to traditional light sources. The process used to deposit the active semiconductor 
layers of the LED is constantly improved to increase yields and production throughput. The 
phosphors, which are needed for their ability to emit a broader wavelength spectrum of light, 
problems tuning the absorption and emission, and inflexibility of form have been issues.[citation 

needed] 

More apparent to the end user, however, is the color rendering index (CRI) of low quality LEDs. 
CRI measures a light source's ability to render colors, with 100 being the maximum. LEDs with 
CRI below 75 are not recommended use in indoor lighting.[36] Better CRI LEDs are more 
expensive, and more research and development is needed to reduce costs. 

LEDs also have limited temperature tolerance and falling efficiency as component temperature 
rises. This limits the total LED power that can practically be fitted into lamps that physically 
replace existing filament and compact fluorescent types. Much research and development is 
invested in improving thermal traits. Thermal management of high-power LEDs is a significant 
factor in design of solid state lighting equipment. 

The long life of solid-state lighting products, expected to be about 50 times the most common 
incandescent bulbs, poses a problem for bulb makers, whose current customers buy frequent 
replacements.[9] 

Some critics assert that producers may over-represent the efficiency and traits of their products to 
sell into a rapidly growing marketplace, suggesting that consumers still need to be wary of 
claims made about products in this market.[37] 

Applications 

 
 

This garden light can use stored solar energy because of the low power use of its LED 
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• Automotive lighting 
• Bicycle lighting 
• Billboard displays 
• Display lighting in art galleries to reduce heating on works to low values 
• Domestic lighting 
• Emergency lighting 
• Flashlight (Electric torches) 
• Floodlighting of buildings 
• Grow lights for plants 
• Public transit vehicle route and destination signs 
• Railway signals 
• Stage lighting 
• Street lighting 
• Traffic lights 
• Train lights 

See also 

 

Energy portal 

• List of emerging technologies 
• List of light sources 
• Lux 
• Photometry (optics) 
• Radiation angle 
• Solar lamp 
• Spectrometer 
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Lamps and lighting 
 

 

Concepts 

• Lamp (electrical component) 
• Light fixture 
• Lightbulb sockets 
• Color temperature 
• Task lighting 
• Glare 
• Light pollution 
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• Halogen 
• Parabolic aluminized reflector (PAR) 
• Nernst 

 

 

Fluorescent 

• Fluorescent  
o Compact 

• Fluorescent induction 

 

 

High-intensity 
discharge (HID) 

• Mercury-vapor 
• Hydrargyrum medium-arc iodide (HMI) 
• Hydrargyrum quartz iodide (HQI) 
• Metal halide  

o Ceramic 
• Sodium vapor 

 

 

Gas discharge 

• Deuterium arc 
• Neon 
• Sulfur 
• Xenon arc 
• Xenon flash 
• Black light 
• Tanning lamp 
• Germicidal 
• Growth light 

 

 

Electric arc 

• Carbon arc 
• Yablochkov candle 

 

 

Combustion 

• Acetylene/Carbide 
• Argand 
• Candle 
• Diya 
• Gas 
• Kerosene 
• Lantern 
• Limelight 
• Oil 
• Safety 
• Rushlight 
• Tilley 
• Torch 

 

 
Other • Light-emitting diode (LED) 

• LED lamp 
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• Solid-state (SSL) 
• Plasma 
• Electroluminescent wire 
• Chemiluminescence 
• Radioluminescence 
• Glow stick 
• ESL 
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DuPont™ Tyvek® AtticWrap™ 

DuPont™ Tyvek® AtticWrap™ is a revolutionary breathable membrane designed to provide 

superior attic insulation for improved energy efficiency and attic moisture control. The unique, 

metallized surface helps to deliver unparalleled attic insulation by reflecting radiant heat while 

the breathable membrane helps prevent moisture build-up by allowing attic moisture to pass into 

the designed air space and vent to the outside of the roof structure. 

How It Works: 

 

The metallized surface on DuPont™ Tyvek® AtticWrap™ helps reduce heat build up in the 

attic. Air channels beneath the sheathing cools the roofing materials. The sealed rafter bays 

drain roof leaks and wrapped eaves resist water intrusion in high-wind areas. DuPont™ Tyvek® 

AtticWrap™ provides a secondary drainage plane for the roof. Moisture vapor that migrates into 

the attic diffuses through DuPont™ Tyvek® AtticWrap™ and into the vent channels where it is 

carried away by exterior ventilation air. The sealed attic creates a dry, semi-conditioned space. 

DuPont Weatherization Systems are an important part of the ENERGY STAR® Home Sealing 

labeling program and NAHB Green Home Building Guidelines.   According to ENERGY 

STAR®, “sealing the building envelope is one of the most cost-effective ways to lower the 

home’s utility bills and improve comfort.” With DuPont™ Tyvek® AtticWrap™, you get not 

only the most advanced weather-resistant protection available, you also get the peace of mind 

that comes from working with DuPont and ENERGY STAR®.  And, our DuPont Certified 

Installer Program also provides trained installation services, which is one more way to put the 

building science expertise of DuPont right at your fingertips. 

Related Documents  

2008 Architectural Binder   

DuPont™ Tyvek® AtticWrap™ introduction video  

Building Science Bulletin: DuPont™ Tyvek® AtticWrap™ Bulletin   

Product Guide Specifications: DuPont™ Tyvek® AtticWrap™ Product Specs   

Physical Properties Data Sheet: DuPont™ Tyvek® AtticWrap™   
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How to Measure Heel Height 
Other than Roof Pitch and Span, the most importand measurement need to match an existing roof 
is called the heel height. 

Simply, it is the "thickness" of the truss or rafter measured from the outside of the wall from the 
top of the top plate to the underside of the sheathing. 

Below are two diagrams to help illustrate the point 

 

Heel Height and Overhang for a Trussed Roof. 

  

 

 

 

 

 



 

 

Heel Height and Overhang for a Stick Framed Roof 
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