
SECTIO ! 3 / / 
3.1 IMilEMENT AN INTEGRATED AND COMPREHENSIVE APPROACH TO 

EN .. GY- EFFICIENT DESIGN OF BUILDING SITE, BUILDING ENVELOPE, 
ANS MECHANICAL SPACE CONDITIONING SYSTEMS 

Intent: 
To use a wbe:systems approach in designing and building an energy-efficient home. Key concepts are integrated and 
comprehensre 

lnionnatioafHow to Implement: 
Pay attentioe» multiple facets related to energy efficiency during the design and construction process. For instance. 
rather than sillply focusing on indhidual decisions related to energy efficiency, such as the R-Yalue of attic insulation. 
consider the ilplications of each choice on the performance of the whole house. Balance the cost and performance of 
each compoum of the home system, such as a well-insulated building envelope (foundation. walls, and attic); windows 
recommend~r the diinate by experts such as the Efficient Windows Collaborative, the Department of Energy. 
and/or 1ocal•rgy professionals; a thorough and carefully implemented air sealing packag~ climate-appropriate heat­
ing and coo~ equipment that balances efficiency with cost-effectiveness; sealed duct\\·ork kept within the conditioned 
space: and e5:ient water heating equipment and distribution . .\1oisture and indoor environmental quality are closely 
related facto&tbat are affected by energy-efficiency measures. 

For more d~ed information and explanation about the sizing and design of space heating and cooling, 
refer to "UIIlrrstanding HVAC System Design Issues" a t the end of this Energy Efficiency section. 

Resources: 
• Home En•r Checklist (EEBA) w'\\·w.eeba.org/technology/puhlicationslhec/default.htm 

• Whole HOfla Energy Checklist (U.S. DOE fact sheet). 
'\\-"'\\'W.so~ce.orglweh/resources&services/puhlications/technica]_bulletins/\VH-Energy%20Checklist%20G0-
10099-7~df 

• Energy F/Jiiency Pays (U.S. DOE fact sheet). 
'1\"\\rw.souAce.orglweb/resources&senices/puhlications/technical_bulletins/EEP-Efficiency_pays%2099-7 46.pdf 

• Considerailns for Building a More Energy Efficient Home. 1\AHB Research Center fact sheet. Available at 
'\\"\\rw.toom.ie.orgltertiaryT.asp?TrackiD=&CategoryiD=l809&DocumentiD=4168 .. 
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Requirements: 

3.1 .1 Home is. equivalent to the IECC 2003 or local energy code whichever, is more stringent. 
Conformance shall be based on plan analysis using software such as REScheck or other as 
approved by green building program administrator or NAHB. 

3.1.2 Spac~ heating and cooling system/equipment shall be sized according to building heating 
and cooling loads calculated using ANSI/ACCA Manual J 8th Edition or equivalent. 
Computerized software recognized by ACCA as being in compliance with Manual J 8th Edition 
may be used. 

3.1 .3 Conduct third-party plan review to verify design and compliance with Section 3. When multi­
ple homes of the same model are to be built by the same builder, a representative sample of 
homes (15%) may be reviewed subject to a sampling protocol. 

Intent: 
To establish a minimum energy threshold for allKAHB-artified green homes 

lnfonnation I How to Implement: 
If you are building under the jurisdiction of the 2003 International Energy Conservation Code (IECC). your home will 
meet this requirement. If you do not follow the IECC 2003, you can determine if your project meets this energy co<,ie by 
using REScheck. a free, easy-to-use software package. 

Resources: 
• REScheck is a free software tool that can be downloaded at www.energycodes.gov/rescheck/. 

• Manual J 8th Edition is available through the Air Conditioning Contractors of America and can be purchased online 
at ·www.accaconference.co~ferchant2/merchant.mv?Screen::SFl\1&Store_Code=ACCOA. Also. see www.acca.org 
for additional approved dlird-party software providers. 

• Heat LoS$ Calculatit:Jn Guide H-22, Hydronics Institute ~vision of GA-\iA, 2001 

• International Energy Comen•atit:Jn Code (IECC) 2003. Available from the International Code Cow1cil, 
,v,vw.iccsafe.org 

• ·Third-party plan review: A Certified Home Energy Rating System (HERS) rater. A directory of Home Energy Raters 
can be found on the El\t:RGY STAR• website at www.energystar.gov. 

3.2 PERFORMANCE MEASURES 

Optional guidelines-At least 37 points must be obtained from the line items under the Energy Efficiency section to 
qualify your project as a green home at the Bronze level. The Silver level requires 62 points and the Gold level 1 00 
points. 

3.2.1 Home is X % above IECC 2003: 

A.15% 

B. 30% 

C.40% 
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i 
Intent: 
To offer builders a flexible, performance-based means of achieving higher levels of energy performance than the IECC 
2003. An £1\"ERGY STAR home is approximately 15% more energy efficient than a home that meets the IECC 2003. 
Some builders are now achieving a 40% or 50% improvement. 

InConnation I How to Implement: 
Use REScheck to examine the effect of different levels of insulation, window U-values and SHGC factors. and space 
conditioning equipment efficiencies to identify a cost-effective system for your project. The appropriate level of energy 
performance above IECC 2003 will vary depending upon the severity of the climate. but building to the equivalent of 
El\"ERGY STAR is usually cost-effective for conswners in most regions of the country. 

Resources: 
• REScheck-REScheck, available for free download at: www.enexgycodes.gov/rescheck/ 

• International Energy Conservation Code (IECC) 2003. Available from the International Code Council, 
www.iccsaie.org 

3.3 PRESCRIPTIVE PATH 

Alternate method for gaining points for energy efficiency 

3.3.1 BUILDING ENVELOPE 

A. Increased effective R-value of building envelope using advanced framing tech­
niques, continuous insulation, and/or integrated structural insulating system . 
.Measures may include but are not limited to: 

• SIPS* 

• ICFs* 

• Advanced framing 

• Insulated corners and interior/exterior wall intersections* 

• Insulated headers on exterior walls 

• Raised heel trusses 

• Continuous insulation on exterior walls. 
cathedral ceiling, attics 

*This line item also has a resource-efficiency 
benefit 

i Intent: 
To enhance the insulating value of the building 
envelope by selecting an efficient and cost-effective 
framing package or alternatiYe structural '\\'all sys­
tem. Framing details such as two-stud corner fram­
ing, ladder blocking at wall intersections. and raised 
heel roof trusses can eliminate thermal bridges, i.e., 
areas where there is no room for insulation. 
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Information I How to Implement: 
The Resources listed below will help identify methods for insulating walls to the fullest extent and avoiding thermal 
bridging. 

Resources: 
• Reduce Framing Cost$ with Advanced Framing Techniques, U.S. EPA: 

www.energystar.gov/ialpartners/bldrs_lenders_raters/downloads/BuilderGuide3D.pdi 

• AdL>anced Framing Fact Sheet, U.S. DOE: 
www.toolbase.org/docs/MainJ\av/WoodFrameConstruction/3949 _advancedwallframingl.pd! 

• Advanced framing: www.buildingscience.com/housesthatwork/advancedframing/default.htm 

• Cost Effectit>e Homebuilding: A Design and Construction Handbook, 1994, 1\AHB Research Center, available for 
purchase at www.nahbrc.org/tertiaryR.asp ?TrackiD=&DocumentiD=2584&CategorylD=917 

B. Incorporate air sealing package to reduce infiltration. (All measures that apply to project must be performed.) 

• Use sill sealer between foundation and sill plate. 

• Caulk bottom plate of exterior walls. 

• Air seal band joist cavities between floors. 

• Ensure air barrier continuity at all framed cavities such as air chases, soffits, cof­
fered or dropped ceilings, and behind tub/shower units on exterior walls. 

• Caulk/foam all electrical, plumbing, heating penetrations between floors (including 
attic, basement, crawl space, and garage) and to exterior. 

• Block and seal cantilevered floors and kneewalls. 

• Weatherstrip attic hatches, kneewall doors. 

• Insulate, caulk, or foam between window/door jambs and framing. 

• If installing recessed lights in ceilings adjacent to unconditioned space, use rated, 
air-tight Type IC housings. 

• Caulk/foam HVAC register boots i:o subfloor or drywall that penetrate the building 
envelope. 

i • .If a fireplace is installed, install a sealed-combustion gas fireplace that is sealed 
combustion or a wood-burning fireplace with gasketed doors. 

Intent: Housewrap IDstallation 

When building an energy-efficient home, it is equally or more important to prevent air iilfutration as it is to provide a 
high R-value wall system. Air can pass through very small cracks, resulting in energy loss and condensation, so it is 
necessary to be very detail-oriented wh.en it comes to air sealing. 

Information I How to Implement: 
See also Section 5.2.2, Indoor Environmental Quality section for more infonnation about mechanicalt>entilation 
options. 

Air leakage can account for as much as 20%-30% of energy loss through the building envelope. Although insulation 
reduces energy loss, air infiltration can compromise the efficiency of a building because it brings conditioned air directly 
outdoors (or outdoor air inside). bypassing the insulation. In addition, it not only carries heated {or cooled) air to the 

· outdoors. but may also create moisture problems as water vapor in the air moves from a warmer to colder location and 
condenses. Use the list above to make sure that you seal the nooks and crannies where air may escape. 
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To perform air sealing, use a variety of 
materials such as caulk, foam, and gasket 
materials. It has been proven that .. chink­
ing" with fiberglass insulation does not pre­
vent airflow. Low~expanding foams should 
be used around windows and doors so that 
the frame doesn't hind-a common com­
plaint with first-generation, high-expanding 
foam products. 

In conjunction with implementing an air 
sealing package, consider a means of pro­
viding fresh air to the home. This may be 
operable windows if the homeowner ·will use 
them, but often an automatic mechanical 
means of introducing fresh air may be the 

Typical Locations of Air Leakage 

most reliable way to ensure adequate ventilation. Controlled ventilation that is carefully designed and installed provides 
a more consistent rate of air exchange compared with simply building a leaky structure. A tight building envelope with 
an intentional means of introducing outdoor air enhances energy efficiency, comfort, and indoor air quality. See the 
Indoor Environmental Quality section for additional information about mechanical ventilation. 

Resources: 
• Advanced Air Sealing (book available for viewing online): http:/ I oikos.com/library/ airsealinglindex.html 

• U.S. DOE's fact sheet, Airtight Drywall Approach (no diagrams), 
www.eeye.energy.gov/consumerinfo/fact sheetslbd8.html 

• Soutbface Energy Institute's fact sheet, Airtight Drywall Approach (contains dilloorams), 
W\\'W.soutbface.org/web/resources&services/publications/fact sheets/24ada_drywal.pdf 

i C. Ure El\"ERGY STAR-... ted wUuf.., appropriate fo, local climare. 

Intent: 
To assure optimum building envelope performance. Wmdow area often comprises a substantial portion of the wall area 
·in new homes. Compared "';th an opaque insulated \vall, windows offer· only about 15% to 25% of the R-vhlue. In 
addition, they are a source of direct solar gains in the summer, which can add to the cooling load. 

lnfonnation I How to Implement: 
Select windows featuring the El\"ERGY STAR label. Alternately, visit the Efficient Wmdows Collaborative Web site to 
see which type of glazing is recommended for your climate. Low-E coatings for "'indows are recommended for almost 
all regions of the United States. Generally, look for windows "'ith as low a U-value as is affordable-they offer the best 
insulating value (U-value is the inverse of R-value). In cooling-dominated climates, use a window that has a low SHGC. 
Always choose a frame that provides a thermal break, e.g., wood, composite, vinyl, or aluminum with a thermal break. 
Using high-efficiency windows can not only enhance thermal performance but also reduce the risk of condensation on 
windows. For passive solar designs and homes that are constructed with large amounts of glazing in a specific orienta­
tion, use windows selected for each orientation (e.g., high SHGC on south face for direct solar gain). Refer to the 
Resources for a more detailed understanding of how window technologies perform in various climates. 

Resources: 
• www.efficientwindows.org 

• lmproz•e Energy Efficiency with High Performance Wmdows. El\"ERGY STAR fact sheet. 
"""'-w.energystar.gov/ialparmers/bldrs_lenders_raters/downloads/BuilderGuide3E.pdf 
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• Efficient \Vmdows Collaborative, www.efficientwindows.org. Recommends U-value and solar heat gain coefficient 
(SHGC) by climate region. 

• El\"ERGY STAR website W'IVW.energyst¥.gov for list of stores that sell El\"ERGY STAR-labeled '1\-indows 

• The National Fenestration Rating Council (1\FRC) labels '1\-indows for U-value and solar heat gain coefficient and 
has searchable directory of windows meeting specific criteria on its web site at WW\v.nfrc.org. 

3.3.2 HVAC DESIGN, EQUIPMENT, AND I NSTALLATION 

A. Size, design, and install duct system using AKSI/ ACCA Manual D• or equivalent. 

Intent: 
Getting the proper amount of airflow to and from each room is as important to comfort and efficiency as the equipment 
itself. Careful sizing and layout according to recognized industry standards is essential. 

lnfonnation I How to Implement: . 
Ask your HVAC contractor to use ACCA ~anual D to size and lay out supply and return ductwork to each area of'the 
home. :\-lanual D recommends duct diameter to fit the load in each room, taking into account the length of the duct run 
and the type of duct being used. Request a copy of the Manual D printout. After the system has been installed, examine 
it to verify that it is in accord with the design and that there are no sharp bends or poor connections. 

Resources: 
• ACCA Manual IY-, Residential Duct Systems (available for purchase at www.acca.org) 

• Air Distribution System Design (U.S. DOE fact sheet) . 
www. toolbase.org/ docs/Main.Kav/Energy/407 4_doe_ai.rdistributionsystemdesign. pdf 

• A Builder's Guide to Placement of Ducts and HVAC Equipment in Conditioned Spaces, 2000, 1\AHB Research 
Center. Available for S5 from l'\AHB Research Center bookstore at 
http://nahhrc.org/tertiaryR.asp?TrackiD=&DocumentiD=2570&CategoryiD=110 

• Design and Ccnstruction of Interior Duct System, Florida Solar Energy Center, (2002) 
www.fsec.ucf.edu/bldglbaihp/pubs/Papers/interior_ducts.pdf 

If Design· radiant or hydronic space heating systems using industry-approved guidelines, e.g .. Guidelines for. the Design 
and Installation of Radiant Panel Heating and Snow/Ice Melting Systems by the Radiant Panel Association. Heat 
Loss Guide (H-22), by the Hydronics Institute Division of GA.. \fA or accredited design professionals and manufacturer's 
recommendations. 

Intent: 
To ensure proper design of hydronic and radiant space heating systems by using industry e.xpertise. Hydronic and radi­
ant systems require d1e san1e attention to detail as forced air systems. Components such as piping and pumps must be 
properly sized and matched according to the equipment being used. 

Infonnation I How to Implement: 
Ask your HVAC contractor to use the Radiant Panel Association design guidelines when designin~ a hydronic system. 
There are training and certification programs through the Radiant Panel Association for HVAC contractors 

Resources: 
• Quick Reference to RPA Guidelines for Hydronic Radiant Floor Heating. Radiant Panel Association {RPA), 

www.radiantpanelassociation.orglfiles/public/Gdln.Quick.htm. (Entire guidelines available to download for S15 at 
"·ww.radiantpanelassociation.orgli4al store/ category.cfm? category_id=8) 
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i • List of Rfl certified contractors, available at www.radiantpanelassociation.org 

C. Use ANSI:\.CCA Manual S® or equivalent to select heating and/or cooling equipment. 

Intent: 
:\{anual S is~e second step in assuring proper design of a space heating and/or cooling system. After using :\lanual J to 
calculate tbelmilding's heating and cooling load, use Manual S to help select and size equipment that "'ill satisfy the 
latent and SCIISible heating and cooling loads. 

lnformatioe/ How to Implement: 
Ask your ImC contractor to use ACCA :\fanual S in selecting the heating or cooling equipment for the home. By 
reviewing dE process, you can better understand some of the issues involved and help guide customers' decisions about 
their hea~~d cooling system. Very efficient homes that require less energy for heating and cooling are much more 
sensitive to pK>per HVAC equipment sizing. 

Resources: 
• ACCA :\faual s-, Equipment Selection, avail8.ble for purchase at www.acca.org 

• U.S. DOEfact sheet, Right Size Heating and Cooling Equipment. 
www.t~.org/docs/:\fa.ini\av/Energy/4073_doe_hvacsizing.pdf 

D. Verify pe&rmance of the heating/cooling system. The HVAC contractor should perform the follov.iog: 

• Start-up~ure according to manufacturer's instructions 

• Refriger• charge verified by super-h~t and/or sub-cooling method 

• Burner s«to fire at nameplate input 

• Air bandllr setting/fan speed 

• Total airfllw v.ithin 10% of design flow 

• Total exu-al system static should not exceed equipment capability at rated airflow. 

Intent: 
·Verification 4performance provides a final assurance that the system has been designed, installed. and commissioned as 
intended. lt.s can easily be overlooked during a busy consouction schedule, even given the most conscientious approach. 

Intormatioa{ How to Implement: 
Ask your HUC contractor to carefully follow the start-up procedure outlined in the equipment literature. Ask for a 
checklist of A:! recommended start-up procedure. 

Resources: 
• l'iorth Allllrican Technician Excellence. Operates a certification program for HVAC technicians. :\faintains a data­

base of carified technicians at W'\vw.natex.orgl or by calling 877-420-1.\ATE. 

• :\fanufactll'er's Web site or printed installation instructions 

E. Use HVA~installer and/or service technician who are certified under a nationally or regionally recognized program 
such as 1\ITE. BPI, RPA, or manufacturers' training. 

Intent; 
The programcitied above are the equivalent of a -technical degree"' for an HVAC contractor. With an HYAC trade 
contractor * has completed a certification. you and your customer can have added assurance that the HYAC system 
in the home• designed and installed in accordance v.ith the industry's best recommended practices. 
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In.fonnation I How to- Implement: 
Encourage your contractor to investigate the local availability of HVAC training and certification programs. Ask for 
certifications when seeking proposals. Some agencies maintain a database of certified contractors; consider using HVAC 
contractors in your area that have been certified. 

At the time of the printing of this document, the Air Conditioning Contractors of America (ACCA) is in the process of 
establishing a contractor accreditation program that will enstire contractors perform quality installations. 

Resources: 
• 1\ATEX Business Locator. available at www.natex.org or by calling 877 -420-1\ATE. A searchable database of con­

tractors certified by the l\ational Association for Technician Excellence (!\ATE). 

• The Building Performance Institute. Certifies whole-house performance contractors and provides a searchable data­
base of certified contractors at www.bpi.org. 

• List of Radiant Panel Association members that are certified by RPA (for hydronic heating) 
www.radiantpanelassociation.org 

• ~1anufacturers' website for directory of contractors trained for proprietary equipment 

• The Air Conditioning Contractors of America Web site at www.acca.org 

F. Fuel-fired space heating equipment efficiency (AFUE): 

~81% 

:~::94% 

% Improvement 

above Federal minimum 
3% 

i Note: Add three points associated with increasing AFUE if Manuals S and D and start-up procedure are followed when 
.. one of the space heating units noted abot:e is installed. 

Intent: 
As with cooling equipment, higher-efficiency equipment will satisfy space heating requirements using less fuel. 

Information I How to Implement: 
Select equipment bearing the El\"ERGY STAR label, or check manufS:cturer's literature for efficiency information. The 
American Council for an Energy-Efficient Economy (ACEEE) lists the highest-efficiency equipment available (see 
Resources). The measure of furnace efficiency, annual fuel utilization efficiency (AFUE), is the ratio of heat produced 
per unit of fuel consum~d over the course of a heating season. Depending upon the fuel used, ask your HVAC contrac­
tor about pricing higher-efficiency furnaces or boilers. Typically, 81%-83% of AFUE furnaces carry little cost increase 
over those meeting federal minimum efficiency standards (currently 78%). Higher-efficiency gas furnaces or boilers 
(greater than 90% AFUE) are usually direct vent, sealed combustion units and, because the flue gases are cooler. PVC 
pipe can often be used for venting. eliminating the need for a chimney. Through-the-wall venting may offset the higher 
cost of the equipment. 

Keep in mind that sealed combustion equipment not only offers an energy-efficiency benefit but may also be advanta­
geous with respect to indoor environmental quality as well. The sealed combustion chamber eliminates any possibility 
of backdrafting or spillage of combustion gases into the home. 

II SECTION' 3 NAHB Model GREEN Home' Building Guidelines 

ZONING COMMISSION
District of Columbia

Case No. 08-21

40E4



It is usually a good idea to invest in high-AFUE heating equipment in climates that have a significant heating load or 
high fuel COJIS. Energy-efficiency invesnnent dollars may be better spent elsewhere in cooling-dominated climates. 

Resources: 
• AmericaaCouncil for an Energy-Efficient Economy's list of most energy efficient appliances 
www.ace~r.org/consumerguidelmostenef.htm 

• 'lvww.en~star.gov for a list of equipment meeting El\"ERGY STAR standards 

• Gas Applimce Manufacturer's Consumers' Directory of Certified Efficiency Ratings for Heating and Water Heating 
EquipmeiL www.gamanet.org 

• ~anufacwers' Web sites. 

G. Heat PWIII efficiency (cooling mode) 

1. SEEI. 11-12*-(9%-17% improvement above SEER 10 air conditioner) 

2. SE.EI 13-1~23%-29% improvement above SEER 10 air conditioner) 

3. SEB 15-18--(33% -44% improvement above SEER 10 air conditioner} 

4. SEa 19+-(47%+ improvement above SEER 10 air conditioner} 

5. Sta!ld air conditioning equipment 

Split systeJ'Il5must be ARI-tested as a matched set. 

*SEER 13 isthe federal minimum as of January 2006. 

i NOTE: Adcaonal three points gu,en if Manuals S and D have been used and start-up procedures are followed u·hen 
one of the ..«'units noted above is installed. 

lntent: 
High-efficie.cy equipment uses less energy to accomplish the same task. The intent of this guideline is to reduce the 
electrical ensgy necessary to cool the home. 

lnfonnati~/ How to Implement: 
Select .. equipaent that carries the El\"ERGY STAR label, or check manufactuier's literature for information on SEER. 
The ACEEEiists the highest-efficiency equipment available (see Resources). Several issues to consider: 

As of Janu8J! 2006, the federal minimum efficiency for air conditioning units is SEER 13. 

It is ohen owe beneficial to concentrate on-improving design, installation, and commissioning procedures before simply 
installing e<pipment with a higher SEER rating. For instance, proper sizing. insulating. and sealing of duct\'\•ork can 

.reduce the .ount of energy loss and increase occupant comfort as well. Even the most efficient equipment cannot 
make up for4leficiencies in a distribution system or inadequate sizing and commissioning. Before investing in more effi­
cient coolin!equipment. invest in proper sizing. design, installation. and commissioning of the entire system. 

To encourag~tsuch practices. the guidelines award double points for increasing SEER if ~1anuals Sand D and stan-up 
procedures • followed. 

For cooling~minated climates. it often makes sense to invest energy-efficiency dollars in high-SEER equipment. For 
climates "!j&Jittle cooling load. investments in efficiency may be better spem elsewhere. 
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Resources: 
• List of most energy efficient appliances 

• www.aceee.org/consumerguiCle/mostenef.htm 

• www.energystar.gov for a list of equipment meeting El\"ERGY STAR standards 

H. Heat pump efficiency {heating mode) 

1. 7.2-7.9 HSPF (6%-16% increase in efficiency) 

2. 8.0-8.9 HSPF {18%-31% increase in efficiency) 

3. 9.0-10.5 HSPF (32%-54%% increase in efficiency) 

4: >10.5 HSPF (>54% increase in efficiency) 

Intent: 
To reduce the amount of nonrenewable energy used to meet the space heating requirements of a home. 

lnlonnation I How to Implement: 
Select equipment that carries the El\"ERGY STAR label, or check manufacturer's literature for HSPF data. The 
ACEEE lists the highest-efficiency equipment available (see Resources). The current federal minimum heating season 
performance factor (HSPF), the standard measure of heat pump efficiency in the heating mode, is 6.8. Heat pumps are 
often the cost-effective solution for space conditioning equipment in climates where outdoor temperatures are moderate 
and there is a need for both heating and cooling. Air-to-air heat pumps are not recommended if winter temperatures 
often drop below 35° F. H heating is the predominant load, consider a heat pump with an HSPF of 8.0 or higher. 

Resources: 
• American Council for an Energy-Efficient Economy's list of most energy efficient appliances 

www.aceee.org/consumerguide/mostenef.htm 

• www.energystar.gov for a list of equipment meeting El\"ERGY STAR standards 

I. Ground source heat pump installed by a Certified Geothermal Service Contractor. (cooling mode) 

1. EER = . 13-14 

2. EER = 15-18 

3. EER = 19-24 

4. EER=>25 

Note: An additional three points are gu>en if Manuals S and D and start-up procedures are followed when one of the 

i ground source heat pumps noted abot•e has been installed. Do not duplicate points if these additional points hat'e been 
taken in Guidelines 3.3.2f and 3.3.2.h abot•e. 

Intent: 
To reduce consumption of non-renewable energy for space heating and cooling requirements and ensure that design 
and installation are conducted according to industry standards. 

Infonnation I How to Implement: 
Select El\"ERGY STAR-labeled equipment, or check manufacturer's literature for EER information. Use a contractor 
that ~ been certified in design and installation of geothermal systems by the International Ground Source Heat Pump 
Association (see Resources)-proper sizing of geothermal systems is crucial for efficiency and to reduce first cost. 
Ground source heat pumps are often more efficient than air-to-air heat pumps because they take advantage of the con­
stant and more moderate temperature of the ground which is an advantage for space heating in the winter and cooling 
in d1e summer. Ground source heat pumps are more expensiv~ to install than air-to-air heat pumps due to the added 
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cost of drilling wells or trenching for the ground loop. However, they may be cost competitive when compared with very 
high efficiency furnaces and central air conditioning systems. Geothermal systems may also include a desuperheater, a 
device that uses some of the waste energy from the heat pump to pre-heat water Cor domestic use. 

Because the selection of equipment, design o£ ductwork, and commissioning are integral to efficient pedormance of the 
system. additional points will be given if these measures have also been completed. 

Resources: 
• American Council for an Energy-Efficient Economy's list of most energy efficient appliances 

"'"·w.aceee.orglconsumerguide/mostenef.htm 

• w\vw.energystar.gov £or a list of equipment meeting El\"ERGY STAR standards 

• International Ground Source Heat Pump Association (IGSHPA), database of accredited installers and designers of 
geothermal heat pump systems: www.igshpa.okstate.edu/business_directory/home.html 

• J. Grormd Source Heat Pump installed by a Certified Geothermal Service Contractor (heating mode) 

1. COP = 2.4-2.6 

2. COP= 2.7-2.9 

3. COP>3.0 

(See Section 3.3.2.1 above £or more information.) 

K. Seal ducts,_ plenums, and equipment to reduce leakage. Use UL 181 foil tapes and/or mastic. 

Intent: 
To assure optimum performance of the forced-air space conditioning system by reducing duct leakage. 

Infonnation I How to Implement: 
Leaking Ducts can reduce the heating and cooling efficiency of a £orced-air system by as much as 30%. \Vhile duct leak­
age to the conditioned space does not compromise energy performance as does leakage into unconditioned spaces. it may 
result in a less comfortable space due to insufficient air delivery. Best industry practice is to seal all duct"\\·ork v.ith a £oil 
tape meeting UL 181 requirements or with mastic. It is also important to seal plenum connections at the equipment as 
well as boles in the fan cabinet. ·Gasketed cabinet doors allow for a tight seal without compromising ease· of maintenance. 
An achievable goal is to strive for less than 5% leakage (as a share of the air handler capacity) to rmconditioned _space. 

Resources: 
• Air Distribution System Installation and Sealing, (U.S. DOE £act sheet), 

w-w-w.toolbase.org/docs/)iai.nl\av!Energy/4071_doe_airdistributionsysteminstallation.pdf 

• Source of supply for duct mastic: Oikos.com has a list of manufacrurers of Duct :\iastic (category 15816) 

• Advanced Air Sealing (book a,·ailable for viewing online}: http:l/oikos.comllibrary/airsealing/index.html 

• Overview o£ sealing duct'\\·ork: htqd/energyoutlet.com/res/ducts/index.html 

L. When installing ductwork: 

1. r\o building cavities used as ductwork, e.g., panning joist or stud cavities. 

2. Installation of all heating and cooling ducts and mechanical equipment within the conditioned building envelope. 

3. r\o ducrv.·ork installed in eA"terior w-alls. 

Intent: 
The possibili~· of duct leakage to unconditioned space is significandy reduced by avoiding placement of ducts in areas listed. 
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Information I How to Implement: 
Panned joists or stud cavities should be avoided because they can rarely be·effectively sealed. When cavities are used as 
rerurns, air may be pulled from unintended locations in the home and create unwanted pressure imbalances that may 
compound energy loss. When cavities are used as supplies, the volume of delivered air may be inadequate, and, because 
these areas may be dusty and dirty, indoor environmental quality issues may result. 

Methods for keeping ductwork in the conditioned envelope include extending ~e thermal boundary by insulating the 
foundation walls, insulating the attic at the roof, or installing ductwork beneath an insulated· ceiling and enclosing it 
with bulkheads. 

With improved window technology and air sealing practices, there is less need to supply warm air along exterior walls--a 
common practice in older homes that needed airflow near windows to prevent condensation on poorly insulating windows 
and to keep occupants warm near drafty \vindows. In tighdy sealed and well-insulated homes, heating or cooling registers 
can be located near the interior, thereby minimizing duct length and eliminating any need to run ductwork in outside 
walls. 1lris not only reduces leaking to the exterior but also eliminates the need to reduce insulation in those wall cavities. . . 

Resources: 
• A Builder's Guide to Placement of Ducts and HVAC Equipment in Conditioned Space, 2000. l\AHB Research Center. 

Available for purchase at www.toolbase.org/tertiaryT.asp?TrackiD=&DocumentiD=2570&CategoryiD=110 

M.lnstall return ducts or transfer grilles in every room having a door except bathS, kitchens, closets, pantries, and launclry 
' rooms. 

Intent: 
To prevent pressure imbalances that may occur when there are central rerurn(s) and interior doors are closed. Pressure 
imbalances can lead to inadequate airflow to a room. which can create uncomfortable conditions. 

Information I_ How to Implement: 
Supply and return registers located in every room and sized according to industrY standards provide the best assurance 
that airflow to each room is balanced. However, having supply and return vents in each room increases the installation cost 
of a forced-air heating or cooling system. Common practice is to locate a single central return on each floor of the home. 
1b.is method pulls rerum air from all areas of the home in most cases, but return airflow is restricted when doors are 
closed. Doors cannot be undercut sufficiendy to provide an adequate path for airflow. When return air flow is restricted 
from a particular room, that area becomes. pressurized and air leakage to the outdoors increases. Other ~.of the home 
may become depressurized causing the opposite effect. i.e., outdoor air is drawn through cracks and crevices. Transfer 
grilles in interior walls are a cost-effective compromise to ensuring that all rooms have adequp.te supply and return airflow. 

Resources: 
• ACCA :\1anual o• Residential Duct Systems 

K. Install El\'ERGY STAR ceiling fans. {Points per fan) 

Intent: 
To reduce energy use for space cooling while maintaining comfort. 

Information I How to Implement: 
A ceiling fan helps occupants feel cooler without lowering a thermostat because it pro";des convective cooling from the 
breeze created. Under many conditions. ceiling fans. which use less energy than most light bulbs. will be all that is 
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required to keep occupants cool, thereby reducing the need for compressor cooling. El\"ERGY STAR fans produce more 
airflow per wan than standard ceiling fans due to improved blade design and more efficient motors. 

Resources: 
• List of El\"ERGY STAR-labeled ceiling fans {£an only) 

www.energystar.govlialproductslprod_lists/ceiling_£ans_only_prod_l.ist.pdf 

• List of El\"ERGY STAR-labeled ceiling {ans (fan and light) 
www.energystar.govlialproductslprocl_listslceiling_fans_with_lighting_prod_list.pdf 

• List of El\'ERGY STAR-labeled ceiling fan (light kits only) 
WW\\·.energystar.govlialproductslprod_listslceiling_{ans_lightkit_prod_list.pdf 

O.lnstall whole-bouse fan with insulated louvers. 

Intent: 
To reduce energy use for space cooling while maintaining comfort. 

lnfonnation I How to Implement: 
A v.-bole-house fan can draw outdoor air inside quickly, providing cooling at night and at other times when the outdoor 
air is cooler than indoors. A whole-house fan can reduce the energy needed for cooling by taking advantage of the 
"free" cooling from outside air. Usually placed in the ceiling of the top floor of a home, whole-house fans use less ener­
gy than a compressor and air handler. One disadvantage of whole-bouse fans is that they can be difficult to seal off 
when not in use. Care must be taken in selecting equipment that has an effective insulating enclosure and in designing 
and instal.ling a custom insulating and weather snipping system for the enclosure. 

Resources: 
• Home Energy ~lagazine article bnp:llhem.dis.anl.go\'leehem/991990511.html 

• Whole-House Fan: How to install and use a whole-bouse fan. 
www.southface.orgl,veblresources&serviceslpublications/tecbnical_,bulletins/WHF-Wbolehousefan %2099-7 45. pdf 

P. Install El\"ERGY STAR-labeled mechanical exhaust from every bathroom ducted to the outside. 

Intent: 
To achieve spot exhaust ventilation using highly efficient ventilation equipment. 

lnfonnation I How to Implement: 
El\"ERGY STAR-labeled fans provide more ventilation capacity at a lower wattage than a standard bath fan. They are 
also quieter than most standard fans and therefore are more likely to be used. Because of their more efficient blade 
design and motors. they are more durable and carry longer warranties than standard {ans. :\1ost major manu£acturers 
offer an El\"ERGY STAR model. but in some areas, it may be a special order item. 

This guideline also bas an indoor environmental quality benefit in that local remo\'al of moisture and humidity is 
achieved in a more effecti\·e and efficient manner. 

Resources: 
• List of products meeting El\"ERGY STAR criteria: www.energystar.govlia/productslprod_listsl,·entJans_prod_list.pdf 

• Spot Ventilation: Source control to improve indoor air quality (U.S. DOE fact sheet). 
W"\\'W.toolbase.orgldocs/:\iain1\av/Energyl3947_spotventilationl.pdf 
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3 .3 . 3 WATER HEATING DESIGN, EQUIPMENT, AND INSTALLATION 

A. Water heater energy factor equal to or greater than those listed in the following table. 

50 0.55 

Intent: 
To increase the efficiency of water heating by installing equipment that provides the same amount of hot water for less 
energy than standard water heating equipment. 

lnfonnation I How to Implement: 
The hot water heater energy rating that is used to compare different water heaters is d1e energy factor {EF). EF repre­
sents the percentage of purchased fuel (electricity, gas, propane or oil) that is used for heating water: it includes losses 
through the tank as well as flue losses. Electric tanks have a higher EF than fuel-fired heaters since they do not have 
flue losses. However, electric tanks can be more expensive to operate than fuel-fired tanks. 

To select high-efficiency water heating equipment, compare ilie yellow Energy Guide l~els of similar equipment. 
~eview manufacturer's literature for energy factor information-the EF is not usually prominendy displayed on the 
unit. Alternately, the ACEEE maintains a list of the highest-efficiency water h~ting equipment (see Resources). 

Resources: 
• The Most Energy Efficient Appliances, {list from Consumer's Guide to Home Energy Savings), American Council for 

an Energy Efficie·nt Economy, www.aceee.org/consumerguide/mostenef.htm 

• ' Gas Appliance Manufacturer's Ccmsumers' Directory of Certified Efficiency Ratings for Heating and Water Heating 
Equipment. www.gamanet.org 

• Water Heating: Energy-Efficient Strategies for Supplying Hot Water in the Home (U.S. DOE fact sheet), 

wv.-w.toolbase.org/docs/Subsysteml\av/Plumbing/3946_'Yaterheating.pdf 
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i B. Install wWe-house instantaneous (tankless) water heater. (Water heater complies "'ith DOE Standard 10CFR430) 

Intent: 
To reduce e.rgy use associated with water heating by eliminating standby losses that occur with tank heaters. 

InlonnatioiiL How to Implement: 
Even thoughaewer tank water heaters are better insulated than their predecessors, heat lost from the tank can account 
for a large pation of hot water energy consumption, especially in homes that use relatively little bot water. By having 
no reservoir4hot water, tankless water heaters eliminate ~ese standby losses. For gas tankless water heaters, there are 
similar flue ll&ses to gas tanks. Both elecoic and gas tankless water heaters have higher energy factors (EF = 0.62 min­
imum) than.ost tank water beaters. 

Gas, propam.and elecoic instantaneous water beaters are available. Typically, gas water heaters can heat a larger vol­
ume o(wats-each minute than elecoic heaters and can provide a greater temperature rise for a given flow rate. This 
can be an illfortant consideration when coincident hot water uses are expected or when high flow rates at hot tempera­
tures are de!iled. Elecoic tankless units can achieve about a 77°F temperature rise at 2.5 gallons per minute-which is 
plenty for aiDt shower but it does not leave a lot of extra capacity for simultaneous hot water· usage. Gas units will 
provide greae- capacity to allow for simultaneous multiple uses. 

All tankless •ter heaters use large amounts of energy at higher flow rates. These large draws often require a larger­
than-nonnal~ce entrance for elecoic units or larger pipe diameter for gas units. Evaluate these differences when 
comparing -.ailed costs. Although peak demand for space heating and water beating usually do not occur at similar 
times, your Ia! utility may offer helpful advice regarding peak demand and selection of whole-house water heating 
appliances. 

Resources: 
• The Mostlnergy F/ficient Appliances, (list from Consumer's Guide to Home Energy Savings), American Council for 

an Ene~Efficient Economy. www.aceee.org/consumerguide/mostenef.htm 

C. Insulate •hot water lines with a minimum of one-inch insulation. 

Intent: 
To reduce eurgy losses from hot water piping. 

lnfonnatioa/ How to Implement: 
Insulating hawater piping can be beneficial in two ways: 1) losses are reduced as hot water moves through the lines to 
the point of.e, and 2) losses are slowed and may be reduced when hot water sits in the lines between draws. Foam 
pipe insularill is relatively inexpensive and easy to install. In addition to offering some energy sa'ings, insulating .the 
hot water line is also likely to add convenience, comfort, and water savings. Hot water "'ill get to the tap more quick­
ly-m~~ere is less potential for water to run down the drain while the user waits for it to get hot. 

Resources: 
• Water Heflling: Energy-Efficient Strategies for Supplying Hot Water in the Home (U.S. DOE fact sheet). 

www.too~.org/docs/Suhsysteml\av/Plumbing/3946_ waterheating.pdf 

D.lnstall heatrap on cold and hot " 'ater lines to and from the water heater (if not integral to d1e water heater). 

Intent: 
To minimizemergy loss associated with thermo siphoning action from a water heater. 
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Information I How to Implement: 
In the same way that warm air moves toward cooler air and 
warm air rises, hot water will rise and displace cooler water 
in the lines leading to and from the heater tank. This thermo 
siphoning action contributes to heat loss from the tank, and, 
once the water temp~ture in the tank has cooled belqw the 
thennostat.set p~int, the' elements or burner will need tO 

. activate .to b~g· the wate~ back up· to temperature; even 
. 'when t;here is no demand f~r hot water. Heat traps prevent 
thenno siphoning. Many new water heaters have integral 
heat traps; ask your plumber or plumbing materials supplier 
or check manufacturers' literature. If heat traps are not inte­
gral to the water heater, install them on the inlet and oudet 
to the water heater. 

Resources: 
• Water Heating: Energy-F/ficient Strotegies for Supplying Hot Water in the Home (U.S. DOE fact sheet) 

E. Install manifold plumbing system with parallel piping configuration (aka "home run") using smallest diameter pip­
ing allowed by code. 

Intent: 
Reduce energy use associated v.rith waiting for hot water at taps and with hot water left standing in pipes after a hot 
water draw. 

Information I How to Implement: 
A manifold plumbing system in which dedicated "home run" hot and cold water piping services each fixture allows the 
most direct (and therefore shortest) pipe run and smaller diameter piping than a "tree" type piping configuration. 
Reduced pipe diameter means hot water is delivered faster to a faucet and there is less water left in a pipe after a hot 
water draw-and therefore less energy waste from hot water left to cool in pipes. :\tost manifold piping is cross-linked 
polyethylene (PEX) pipe rather than copper or CPVC. Because PEX allows for geode bends, fittings are reduced. which 

.saves installation time and minimizes the possibility of leaks. Often, three-eighths-inch diameter pipe can be used. PEX 
also has better insulating value than copper piping. In order to maximize the benefits of a manifold system. baths and 
kitchens should be located in close proximity to one another and to the water heater. 

Resources: 
Information will be added in Version 2. 

3 .3.4 LIGHTING AND APPLIANCES 

A. Use an El\"ERGY STAR Advanced Lighting Package (ALP). 

Intent: 
To use high-quality, aesthetically pleasing electric light using less energy than conventional incandescent lighting. 

Information I How to Implement: 
El\"ERGY STAR fixtures use about two-thirds less electricity than standard fixtures to provide equal light. Although on 
average, an El\"ERGY STAR fixture may cost about S30 more than a comparable. standard future, the fluorescent bulbs 
v..illlast longer (about seven years) and cost less to operate oyer their lifetime than incandescent bulbs. Placing 20 
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EI\"ERGY STAR fixtures in a home in which electricity costs are 10.5 cents per kWh will reap almost S100 in annual 
savings to the homeo'\VIler in energy and bulb replacement costs, after accounting for the increase in the mortgage due 
to higher initial cost. Today's fluorescent bulbs are dramatically improved over the old technology: 1'\ot only are a wide 
variety of styles available, but the light quality is high and there is no flicker, hum, or delayed start. El\"ERGY STAR 
fixtures also carry a two-year warranty. 

High-Use Rooms Kitchen, Dining Room, Living Room, Family Room. 
Bathroom(s), Halls/Stairway(s) 

Med/Low-Use Rooms Bedroom, Den, Office, Basement Laundry Room, 
Garage, Closet(s), and All Other Rooms 

Outdoors Outdoor lighting Affixed to Home or Free-Standing 

Pole(s) Except for Landscape and Solar lighting 

Resources: 

50% ofTotal Number of FIXtUres 

25% ofTotal Number of Fixtures 

50% ofTotal Number of Fixtures Including 
All Flood Lighting 

• Tool to estimate lighting energy savings of advanced lighting package: 
www.energystar.govfialpartnerslmanuCres/Savings~Look-up_ ChartsLRpdf 

• EI\"ERGY STAR program information for builders: www.energystar.gov/index.cfm?c=bldrsJendersJaters.ALP _Builder 

i B. Install all recessed lighting fixtures within the conditioned envelope of the building, e.g., fi.nure housing does not 
penetrate insulated ceiling. 

Intent: 
To eliminate energy losses associated with inadequate insulation above, and air infiltration through. light fixtures in 
insulated ceilings. 

Information I How to Implement: 
Although there are recessed light fixtures rated for insulation contact.. they still carry an energy penalty because of 
reduced insulation thickness in the ceiling above the fi:tture and/or air leakage around the housing. To completely avoid 
this energy penalty, do not install recessed lights in an insulated ceiling. Bulkheads or dropped soffits can permit the 
installation of recessed lights in insulated ceilings. Be sure that there is a continuous air barrier at the top of the bulk­
head or the original ceiling. The preferred method is to install drywall (or other finish material) on the ceiling prior to 
constructing the bulkhead. 

Resources: 
Information v.;ll be added in Version 2. 

C. Install motion sensors on outdoor lighting (if not credited under 3.3.4.a). 

Intent: 
To minimize outdoor lighting energy use by activating outdoor lighting when needed. rather than operating it continuously. 

Information I How to Implement: 
:\fotion sensors actn·ate outdoor lighting only u·hen it is needed: to light an entry as one returns home after dark or to 
maintain security by illuminating outdoor areas when motion is detected. :\fany fixtures come u;th motion sensors. but 
the)- can also be installed separately.l'\ot all outdoor EI\"ERGY STAR fixtures have built-in motion sensors. 
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Resources: 
Information will be added in Version 2. 

i D. Install tubular skylights in rooms without windows. 

Intent: 
To reduce the need for artificial lighting by providing natural light when available. 

Information I How to Implement: 
Tubular skylights provide natural lighting to interior spaces while minimizing the inherent energy losses of standard 
skylights. Tubular skylights have a smaller diameter roof penetration than most skylights and have an additional layer 
of insulating glazing at d1e ceiling level. 

Resources: 
• Tubular Skylights (1\AHB Research Center technology fact sheet) 

www.toolbase.orgltertiaryT.asp ?Trackffi=&CategoryiD=1282&DocumentiD=2024 

E. Install El\"ERGY STAR labeled appliance: Refrigerator, dishwasher, washing machine. (Points per'appliance) 

Intent: 
To reduce energy use in the home for appliances. 

h:tformation I How to Implement: 
On average, El\"ERGY STAR-labeled appliances use at least 20%_1ess energy th~ standard appliances to perform the 
same duties. El\"ERGY STAR-labeled dishwashers and washing machines also use less water, which contributes to 
added resource efficiency. Look for the El\"ERGY STAR label when selecting major appliances or use the yellow Energy 
Guide label to compare efficiency of similar appliances. 

If you are not directly responsible for the purchase and installati!>~~ of appliances, yo1,1 can help cust~mers learn about 
£1"\"ERGY STAR options. It is recommended that points be awarded only if El\"ERGY STAR appliances are actually 
installed in the home at the time a project is certified. 
Resources: 
• www.eriergysiar.gov for list of appliances meeting El\"ERGY STAR criteria and list of local stores that sell El\"ERGY 

STAR appliances. The Web site also includes a calculator to show prospective homeowners how much they will saYe 
and how fast the upgraded appliance will pay for itself over time. 

3 . 3 . 5 RENEWABLE ENERGY/SOLAR HEATING AND COOLING. 

3.3.5.1 Solar Space Heating and Cooling 
)1ore detailed design guidance for climate-specific passive solar design is available from the Sustainable Building 
Industry Council, 1331 H Street 1\\V, Suite 1000, Washington, DC 20005: Ph~ne: (202) 628-7400: 
"'~.sbicouncil.org. 

Py.. Use sun-tempered design: Building orientation, sizing of glazil,lg, des,ign 9f overhangs to pro~de shading ~ in. 
accordance witl1 guidelines below: 

• Long side of the home faces \\;thin 30° of south; 

• Glazing area < 7% of finished floor area (FFA) on south face (Low-E); 

• Glazing area < 2% of FFA on west face (Low-E, Low SHGCh 

• Glazing area < 4% of FFA on east face (Low-E, Low SHGC); 
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• Glazing au < 4% of FFA on north face (Low-E); 

• Skylightsless than 2% of finished ceiling area, with shades and insulated wells; 

i 
• Overhangldesigned to provide shading on south-facing glass (at a minimum), or adjustable canopies or awnings. 

(&e UserCuide for charts that indicate length of ot>erhang. amount and period of shading according to latitude.) 

i 

tntent: 
To reduce tla amount of non-renewable energy required to heat and cool a home through design features that pennit 
solar heat gins and minimize the potential for overheating. 

lnformatioal How to Implement: 
The Sust.ainj,le Buildings Industry Council provides the most concise and clear-cut guidance on sun-tempered design. 
The design .ies of thumb cited above "'-ill provide some solar benefit and prevent overheating in most climates. 

Resources: 
• Green B~ing Guidelines-Meeting the Demand for Low-Energy, Resource-Elfo;ient Homes, Chapter 2A: Renewable 

Energy: '5Nar and Other Renewables, Sustainable Buildings Industry Council 

• Pa88we &Jar Design Strategies. Guidelines for Home Building, Sustainable Building Industries Council. 
W"\\-W. psicorg 

• Pa88ive SJar Design (l\AHB Research Center fact sheet} 
www.toolese.org/docs!Mainl\av/Energy/3944_passivesolardesign.pdf 

B. Use pa.ssile solar design.: Sun-tempered design as above plus additional south-facing glazing, appropriately designed 
thermal WISS to prevent overheating, and provision for airflow to adjoining rooms. 

• Sun-ten:p:ed design as outlined in Section 3.3.5.1a except additional glazing permitted on south "·all PLUS 

• For any NOm with south-facing glazing> 7% of FFA. properly sized thermal mass, and 

• Provisionfor forced air flow to adjoining areas as needed. 

• SBIC Pas;ve Solar Design Guidelines for your climate should be referenced to size thermal mass. 

Intent: 
To reduce thr amount of non-renewable -energy required to heat and cool a home by taking advantage of the sun's 
energy throltfl passive design features that collect desirable solar heat gain and mirioaate. unwanted solar heat gain. 

lnfonnati011/ How to Implement: 
1\ote: 3.3.5.1.4 must also be implemented to receit>e points for 3.3.5.1.8. 

In most resi-s of the country having a "inter heating load. homes can be designed so a portion of this load is satisfied 
by solar ga.iDl. As south-facing glass is increased to obtain greater solar benefit. thermal mass must be provided to store 
excess heat p , prevent overheating, and moderate heat delivery to the home. Properly sized d1ermal mass (~-pically 
in the form J masonry materials such as tile floors and brick walls, or water) absorbs heat while the sun strikes it and 
releases thatl•eat slowly once the sun has gone down. Designing a truly passive solar home requires careful calculation 
of solar gain. thermal storage capaci~·. and hourly outdoor "inter conditions. Obtain the passive solar design ,guidelines 
(see Resouror) for your climate as " ·ell as the other references cited below. It is also advisable to consult a design proCes­
sional with lackground and e:tperience in passive solar design. 

Resources: 
• Green B~ing Guidelines-~1eeting the Demand for Low-Energy. Resource-Efficient Homes. Chapter 2A: 

Rene"·~ Energy: Solar and Other Renewables. Sustainable Buildings Industry Council 

• Sustainaa Building Industry Council Passive Solar Design Guidelines. available at "'""""'·.sbicouncil.org 
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C. Use passive cooling. 

• Exterior shading on east and west windows, e.g., shade trees, moveable awnings or louvers. covered porches 

• Overhangs designed to provide shading on south-facing glazing. (Use supplied charts that indicate length of over­
hang and amount and period of shading according to latitude. r\ot to be double-counted if credited in 3.4.1.a 
above) 

i 
• \Vmdows located to facilitate cross ventilation. 

• Solar reflective roof or radiant barrier in hot climate. 

Intent: 
To reduce non-renewable energy required for space cooling in the home by mitigating solar heat gain and using design 
features that promote natural ventilation. 

lnfonnation I How to Implement: 
r\atural features, landscaping, and architectural features can help cool a home naturally and/or reduce unwanted solar 
gains that increase cooling load. The charts below pro"i.de guidance on the length of overhangs to achieve desired shad­
ing of south-facing glass for different latitudes in the country. 

Shading of east and west windows is difficult to achieve with a fi_-,:ed overhang because the sun is low in the sky when 
shading is typically desired. ~1oveable awnings or louvers allow the flexibility to shade windows during certain times of 
the day or year. h1 cooling-dominated climates, a covered porch may be a good s~lution on the west side of the home to 

mitigate unwanted solar heat gain. 
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Resources: 
• Passit•e S«ar Heating and C<Joling: Natural Cooling, Arizona Solar Center fact sheet, 

www.azsdarcenter.cotn/technology/pas-3.html 

• Cooling \\ur Home 1\arurally, (U.S. DOE fact sheet) www.eere.energy.gov/consumerinfo/pclfs/coolhome.pdf 

• Passu•e Stlar Design Strategies, Guidelines for Home Building, Sustainable Building Industries Council 
www .. psic:A)lg 

3.3.5.2 Sow Water Heating 

A. Install sollr water heating system. :\1ust use Solar Rating and Certification Corporation (SRCC)-rated system. Solar 
fraction: 

1. 0.3 

2. >0.~ 

Intent: 
To reduce ntll-renewable energy use for domestic water heating. 

lnfonnatio•/ How to Implement: 
Solar collecas that preheat "1\'llter for domestic use are often cost-effective. However., solar ""ater heaters must be 
designed an• installed properly to operate to their ma:timum potential for many years. Solar water heater designs are 
generally cli.ate specific.. primarily with regard to freeze protection. Consult a knowledgeable local installer to design 
the system, 911ect equipment, and carefully install the system. Use the references below for a basic Wlderstanding of the 
types of systlllls available and the estimated performance in your climate. Use the ratings published by the SRCC (see 
Resources) ~determine the solar fraction pro,ided by the system you select. 

Resources: 
• For a listtf Solar Rating and Certification Corporation's certified solar water heating systems. see 

www.solaFrating.org 

• Solar Waar Heaters (l\AHB Research Center technology fact sheet). 
w·w"l\·.toolase.orgltertiaryT.asp?TrackiD=&DocumentiD=2136&CategoryiD=68 

• Database« State Incenti,·es for Renewable Energy. "'"''·w.dsireusa.org 
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3.3.5.3 Additiona l Renewable Energy Options 

A. Supply electricity needs via onsite renewable energy source such as photovoltaic, wind., or hydro whereby the system 
is estimated to produce the following kWh per year: 

1. 2,000 to 3,999 

2. 4,000 to 5,999 

3. 6,000 + 

i (Equipment should carry all applicable IEEE and UL certifications. Installation shall be in accordance with local utility 
and electrical code requirements.) 

i 

Intent: 
To supply a portion of a household's electricity needs with renewable energy sources, reducing peak electricity demand 
of the home. Peak electricity demand can necessitate power companies to operate peak generation equipment, which, 
because it is operated for a short time, generally is less efficient. 

Infonnation I How to Implement: 
As demand for electricity increases and costs to build additional generating capacity continue to escalate, renewable 
energy sources such as photovoltaics and "'ind power become more attractive and more cost effective to conswners and 
utilities. Local generation of electricity by the sun and wind is a viable option in most regions of the country. Costs of 
smaller (2 kW to 8 kW) photovoltaic systems are about 88-89 per watt, and in some states like New York, California, 
and New Jersey, incentives are available that bring the cost even lower. Net metering-in which excess electricity pro­
duced at a residence causes the electric meter to spin backwards--may also be available in your area. Ket metering 
effectively credits the customer full retail val~e for electricity sent back to the utility and gready improves the economics 
of residential solar electric power production. 

Resources: 
• www.dsireusa.org-provides information about areas offering incentives that promote renewable energy and inEor­

'kation about net metering rules. 

B. Provide clear and unshaded roof area (+1-30° of south or flat) for future solar collector or photovoltaics. :\finimwn 
area of 200 sf. ProVide a rough-in of piping from the roof to the utility area for: 

1. Conduit 

2. Insulated piping 

Intent: 
To encourage and facilitate installation of renewable energy systems for space and water heating needs. 

Infonnation I How to Implement: 
By providing the infrastructure for the installation of a solar thermal collector or photovoltaic system, you can increase 
the likelihood that the homeowner will install a renewable energy system in the future. Given the uncertainties of the 
cost of electricity as well as the possibility of eventual incentives, it makes sense to build this flexibility into the home. It 
is relatively simple and inexpensive to run electrical conduit or water piping to the attic or roof area while the home is 
under construction but can be disruptiYe and cosdy when retrofitted at a later date. This measure contributes to the 
cost-effectiveness of the installation of a future renewable energy system. 

Resources: 
Information "'ill be added in Version 2. 

C. Provide homeowner with information and enrollment materials about options to purchase green power from die local 
electric utility. (A'ot to duplicate points for Homeowner Manual in IEQ section below.) 
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Intent: 
To increase the possibility that the homeowner will select green power when available from the local utility. 

lnlonnation I How to Implement: 
Many utilities across the country purchase or produce at least some power from renewable sources such as wind or 
hydro. Some utilities offer this power to their customers through green pricing programs. in which a customer can 
choose to purehase a certain amount of electricity generated by renewable sources. While this electricity is usuall~- more 
expensive thm the utility's standard rates, green pricing programs enable customers to indicate their support for renew­
able energy sources. 

Resources: 
• www.eere.energy.govl greenpowerlmarketsl priciog.sh tml ?page=O 

• Database of State Incentives for Renewable Energy, www.clsireusa.org 

• State Energy Office-directory of state energy offices at www.naseo.org/memberslstates.htm 

• Photovoltaics, U.S. DOE fact sheet, www.eere.energy.gov/RE/solar_photovoltaics.html 

3.3.6 VERIFICATION 

3.3.6.1 Conduct onsite third-party inspection to verify Installation of energy related features such as: 

A. Duct installation and sealing 

B. Building envelope air sealing details 

C. Proper installation ~f insulation including: no gaps, voicls, or compression 

D. Batt insulation cut accurately to fit cavity 

E. \Vmdows and doors flashed, caulked, and sealed properly. 

(Whm at least 100 homes of the same model are to be built by the same builder, a representative sample 
(15%] of homes may be inspected.) 

Intent: 
The third-party verification of materials and features that enhance energy effi- !""- -- • 

ciency offers customers an added level of assurance that the home will perform as ~~S~~Et~ r.:=alllf 
designed. Most builders that have used third-party inspections say it is worth the 
extra cost because it provides proof to potential clients that the home has higher­
quality energy features than competitors' homes. 

lnlormation I How to Implement: 
A third-party inspection can be per­
formed by any objective, experienced, 
outside party such as a green building 
program coordinator. a code enforce­
ment official, an architect or engineer, 
an energy COllSultaot or specialist, a 
Home Energy Rating System profession­
al (HERS rater). or an energy program 
coordinator. Photographs taken by the 
builder during construction have often 
been used to defray costs associated 
"ith onsite inspections. 
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Resources: 
• Third-party plan review using a Certified HERS rater. A directory of home energy raters can be found on the 

ENERGY STAR website at www.energystar.gov. 

• Local ~tility, if it offers a new-home energy-efficiency program. 

3.3.6.2 Conduct third-party testing to verify performance, e .g ., blower door, duct leakage, and flow 
hood testing (points given per t est). 

A. Building envelope leakage: blower door test results < 0.35 ACHnat 

B. Central HVAC duct leakage: Duct leakage test results: 

• Leakage to unconditioned space< 5% of rated blower capacity. 

• Total leakage < 10% of rated blower capacity. 

C. Balanced HVAC airflows: Flow hood test results: 

• Measured flow at each supply and return register within 25% of design Qow. 

• Total airflow within 10% of design flow 

(When multiple homes of the same model are to be built by the same builder, a representative sample of homes 
may be tested subject to the sampling protocol.) 

Intent: 
Testing of the installed systems of a home such as envelope or duct tightness or airflows of HV AC systems provides an 
added level of assurance to the customer as well as to the builder that energy fearures were installed properly and will 
perform to e:q)ected levels. 

!~ormation I How to Implement: 
Ke.ep in mind that proper design and installation are the key ingredients; testing provides confinnation. assurance, and 
possibly education. With respect to blower door and duct blaster testing, the builder is able not only to gain an idea of 
dt~ relative tightness of d1e envelope or the ductwork but also to identify potential problem areas that need correction: 
Duct blaster testing is less important when all ducts are located within conditioned space; under these conditions, the 
test may identify comfort or installation issues rather than energy lost to the outdoors. 
Third-party testing is conducted by profeSsionals who have specialized equipment for blower door and duct pressure 
testing. See Resources for information on finding energy specialists who Can conduct testing. ·· 

Resources: 
• Third-party plan review by a certified Home Energy Rating System (HERS} rater. A directory of HERS raters can be 

fom1d on the El\"ERGY STAR ·1vebsite at www.energystar.gov. 

• Building Performance Institute ("""-w.bpi.org) certifies whole-house building performance contractors. 

• Manufacturers of testing equipment offer databases of contractors trained on proprietary equipment (e.g .. The 
Energy Conservatory) 

• Local utility 

• Yellow pages for "energy.~ "'energy efficiency."' or "'weatherization" 

3 .3.7 Innovative options 

A. h1Stall drain water heat recovery system. 

Intent: 
To reduce energy required for heating domestic hot water. 
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lnfonnation I How to Implement: 
Drain water beat recovery (DHR) systems recover some of the energy from hot water going down the drain. DHR sys­
tems are available from several manufacturers. One type of DHR system, the GFX, consists of flexible copper piping 
coiled around a copper drainpipe that is fitted into the DWV line with rubber couplings. In a typical GFX configura­
tion, cold water running through the outer flexible copper tubing is preheated by hot water running down the drain 
from the main shower. The preheated water is then supplied to both the hot water tank and the cold side of the main 
shower-which reduces the volume and flow of hot water needed. A similar configuration can be designed for the " ·hole 
house but must be more carefully designed. 

Resources: 
• Department of Energy-www.eere.energy.govlconsumerinfo/energy _savers/virtualhome/5081shower.html 

• Drainwater Heat Recovery, 1\AHB Research Center technology fact sheet, 
www.toolbase.org/tertiaryT.asp?TrackiD=&DocumendD=2134&CategoryiD=947 

B. Install a desuperheater in conjunction with ground source heat pump. 

Intent: 
Increase the efficiency of a ground source heat pump operating in cooling mode while providing " free"" hot " 'ater for 
domestic use. Also provide hot water while heat pump is in heating mode at high efficiency. 

lnfonnation I How to Implement: 
A desuperheater recovers heat that is rejected from a ground source heat pump (GSHP) operating in cooling mode, 
increasing the cooling efficiency of the heat pump and providing "'free" hot water. In heating mode, hot water is pro­
duced by the GSHP and, therefore, is produced at a high efficiency. Desuperheaters should be installed by an experi­
ence installer or come pre-installed from the factory. 

Desuperbeaters can be an addition to any split system A/C unit but are most commonly found on ground-source heat 
pump units. 

Resources: 
• ,..-ww.energystar.govlialpartoerslbldrs_lenders_raters/downloads/BuilderGuide3E.pdf 

• Improve Energy Efficiency with Desuperheaters, U.S. EPA fact sheet, 
\V"WW.energystar.gov /ialpartoers/bldrsJenders_ratersl downloads/BuilderGuide3E.pdf 

• Geothermal heat pump manufacturer websites 

C. Install heat pump water heater. Must be rated according to the current U.S. DOE test standard and shall have an 
Energy Factor> 1.7. 

Intent: 
Reduce the energy needs for electric water heating. 

Information I How to Implement: 
Heat pump water heaters (HPWH) operate in a similar way to space conditioning heat pumps--they use the energy in the 

surrounding air to preheat " ·ater. HPWH technology has been under development for many years and is no"· reaching the 
· marketplace "ith a number of manufacturers offering products. HPWHs operate best in hot climates where the resultant 
cooling of the air around the heat pump can pro'"ide additional energy savings during most of the year. HP\\Hs can as 
much as double the efficien~· of elecaic water heating. not including any additional energy savings from space conditioning. 

Careful design of the heat pump water heater system is necessary to ensure adequate performance in all seasons. 
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Resources: 
• www.toolbase.org/tertiary T.asp ?DocumentiD=21 OO&CategoryiD=946 

• Heat Pump Water Heaters, Federal Teclmology Alert, List of heat pump water heater manufacturers at ACEEE's 
Web site: www.aceee.org/consumerguide/topwater.hon 

D.lnstall occupancy sensors for lighting control. (Points per sensor) 

Intent: 
Reduce the electricity consumption associated ~ith lighting in unoccupied rooms. 

Information I How to Implement: 
Purchase lighting controls from a supplier of energy-efficient products or your local lighting supply store. 

Resources: 
• Retail oudet of energy-efficient products, e.g., 

www.EFI.org, www.positive-energy.com, www.sheltersupply.com 

UNDERSTANDING HVAC SYSTEM DESIGN ISSUES 

When designing a comfort system, it is not adequate to merely produce a heat loss and heat gain estimate. HeaJ loss 
and heat gain estimates are part of a design procedure that flows from system selection decisions and the actual load 
calculations to equipment selection procedures, placement and selection of air distribution hardware, duct routing and 
airway sizing. 

Documents such as ACCA Manual RS provide valuable information about zoning, system concepts, equipment capability, 
and design procedures. It is strongly recommended that system designers be familiar With the material in :\1anual RS. 

:\·lanual J or equivalent load calculations affect every aspect of the system d~an procedure. The calculations must be as 
accurate as possible. 
• Equipment capacity that matches the size of the applied heating and cooling loads will deliver comfort, efficiency, 

and reliability over the entire range of operating conditions. 

• Heating and cooling loads determine the total air delivery requirement (blower CFM) and th~ airflow ·requirement for 
each room (roorii CF:\-1). This airflow information is then used to select supply air oudets and to size the duct runs. 

• Load information also is used to estimate purchased energy requirements and to estimate annual operating cost. In 
this regard, the energy and operating cost estimates ~ill only be as accurate as the load estimate. 

• The design concept must be suitable for the application: 

- Contemporary architecture tends to produce dwellings that re~ a zoned system and/or variable capacity 
equipment. · 

- Custom homes that feature a large amount of architectural glass that pro"ides a panoramic view or architectur­
al theme may not have internal shade, or the shading device may be completely open when the room is occu­
pied. In such cases. the performance of the glass (U-value and solar heat gain coefficient) has a significant 
effect on comfort. equipment size, and energy use. If there is a large ainount of south glass, cooling"may be 
required during cold weather. These dwellings must be carefully zoned and may require year-round cooling. 

- People may be uncomfortable when bathed by sunlight pouring through a window. During co1d"irights or cold 
overcast days, radiation from the occupant's skin to.cold glass surfaces may cause discomfort. 

• External overhangs or some type of internal sh~ding device are desirable because they pro"ide comfort for the occu­
pants (overhangs pro"ide shade ·without interfering "1\ith the view). 
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M(Uilla/ S (..t:quivalent) and Manufacturer's Data to Select Equipment 
In general, ~ective capacity of heating and cooling equipment shall. as closely as possible. match the load when the 
equipment iHibjected to design conditions. For instance, ManualS explains how to use Manual J output and manufac­
turer perfo.--ce data to obtain this result. ~fanual S also pro"ides guidelines pertaining to the acceptable amount of 
excess capaci!and manipulating heat pump balance points. 

j 

ACCA. MtuU16T (or Equivalent) and Man~acturer's Data to Select Supply Outlets and Return Grilles 
Supply ouds(grilles and registers) shall be the appropriate style and size for the application and shall be in an appro­
priate locan.for the application. 
• Supply ollllts shall not produce objectionable noise. Design guides and manufacturerS' information establish limits 

for face ,.Jcity. 

• Supply o.Ats shall provide the appropriate throw for the installed location. Floor outlets shall throw the supply air 
to the c~ ceiling outlets shall throw the supply air to tlte wall, etc. Size depends on product performance, the 
supply ~value, and tl1e face velocity limitation. 

• !\ever bla.kpply air directly into the occupied zone. Occupants will complain about drafts. 
' • Floor ouM that blow air straight up the exposed wall are best for cold-climate heating and, if properly selected, 

adequate II cooling. 

• Ceiling oliAts are best for cooling but "'ill not v.•arm slab or exposed floors during the winter. 

• H high si&rall outlets are used for coo~ supply air shall not drop into the occupied zone during cooling. These 
devices ,...ot warm slab or exposed floors during the winter. 

• The reJan..between supply CFM, throw, face velocity, and drop is established by manufacturer performance data. 
, Perfonn..., is very sensitive to size, and devices that appear to be generally similar can have substantially different 

perfonn• characteristics. 

• A low-resJnce return path shall be provided for every room that receives supply air-a wall opening with no door, 
a transfes;wille, or a ducted return. Door undercuts are not acceptable. 

• Return gD1s shall be the correct size for the grille flow rate. Filter grilles have a lower face velocity than plain 
grilles. 

• The locan..'Of the return grille does not affect room air patterns, which are controlled b~' the supply outlets and ·will 
not have Eignificant effect on pockets of stagnant air. Low returns do pull warm air dov.n to the floor. and high 
returns <l.ot pull cool air up into the occupied zone. 

Manual D (.£quivalent) to Size the Duct Runs 
The resist.anc:Jr(inches water gauge of static pressure) of the longest circulation path (longest supply run plus longest 
rerum run) !WI be compatible with the performance of the blower that is supplied with the heating-cooling equip­
ment. Airwayizes that are compatible with the blo\\rer performance shall be increased if airflov.· velocity creates a 
potential noilrproblem. All systems shall have adequate pro,isioo for balancing airflow. 
• The lengdltf the longest circulation path and the a,·aiJable static pressure determine the friction rate used for airv.·ay 

sizing. 

• The lengtiM{ the circulation path includes the straight runs and the equivalent length of the fittings along the path. 
One fitti:npan add from 5 feet to more than 60 Ceet to the length of the path. 

• External • c pressure is determined from the equipment manufacturer's blower performance data. preCerably for 
medium-.,ed operation. 

• The avaii.A static pressure equals the e..nemal static pressure minus tlle pressure drop through all the air-side 
devices in-le circulation path. Refer to blower table foomotes and manufacturer pressure drop data for devices that 
were not iiplace " ·hen blo"·er performance was laboratory-tested by the equipment manufacturer. 
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• Accessory or after-market filters (or any device) that produce a substantial increase in system resistance shall not be 
installed if the blower cannot accommodate the increased resistance by speed change. An arbitrary increase in sys­
tem resistance may cause low airflow to rooms, a high temperature rise across a fwnace heat exchanger, or low suc­
tion pressure at the cooling coil. 

• The room heat loss and beat gain estimate (:\ianual J or equivalent) and the beating and cooling factors (.\1anual D 
or equivalent) determine the design value for room airflow. 

• Airway size is determined by sectional flow rate and the design friction rate value. 

• The friction chart or duct slide rule used for airway sizing shall be technically correct for the type of duct material. 

• Airway velocities shall not exceed specified design limits. 

• Branch (runout) ducts shall be equipped with a band damper (for balancing). 

Related Comfort Conditioning System Design Considerations 
Impact of Incorrectly Sized Heating and Cooling Equipment 
• The obvious problem with significandy undersized equipment is that it will not maintain the desired set-point tem­

perature when a passing weather system imposes a design load on it. However, slighdy undersized cooling equip­
ment-by a margin of 10 percent or less-may actually provide more comfort at a lower cost. 

• Oversized equipment causes short cycles, marginalizes part-load temperature control, creates pockets of stagnant air 
(unless the blower operates continuously) and degrades humidity control during the cooling season (more information 
on this subject is provided below). Oversized equipment also requires larger duct runs, increases installed cost, increases 
operating cost, increases the installed load on the utility grid, and causes unnecessary stress on the machinery. 

Humidity Control During the Cooling Season 
• Sensible and latent cooling loads are imposed on dwellings in climates that have a substantial amount of moisture in 

the outdoor air during the cooling season (wet-coil climates). \Vhen the summer design condition occurs. properly 
sized equipment will operate continuously or almost continuously, both loads will be ~mpletely neutralized, and the 
occupantS "'ill be comfortable. But, the design condition occurs for only a few dozen hours per season. 

• Reduced latent capacity at part load will cause the indoor humidity to drift above the design value, which is accept­
able, providing the relative humidity stays below 60 percent. The possibility for experiencing comfort problems at 
part-load conditions is minimized by using the default indoor and outdoor design conditions recommended by the 
design manual, providing ~ code or regulation does not specify a different set of conditions. . .. . .. 

• Some climates are too dry to produce a latent load on the indoor coil. In this case, the indoor humidity depends on 
the moisture content of the outdoor air. the infiltration raie. and the amount of moisture generated by the occupants. 
If the outdoor air is very dry, these factors will combine to produce an indoor relative humidity of less than 50 per­
cent and could even be lower than 40 percent. But if the relative humidity stays above 30 percent. the indoor air 
condition will be in the comfort zone. 

Humidity Control During the Heating Season 
During the heating season. dry air causes a sensation of coolness, a desire to increase the thermostat set point. problems 
"'ith static electricity. and dry sinuses. Adding a humidifier to the heating system moderates these problems. but if a 
humidifier is installed, it must not produce a visible or concealed condensation problem. (See the unabridged version of 
.\>lanual J for more information on this subject.) 
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