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Abstract: The Building Industry places a high demand on wsrlgtsources and there by impacting the
environment. Currently Engineers are paying atbentio sustainability based design concepts rathen t
traditional cost effective design concepts for @uigs. In US there are about seventy five milliesidential
buildings as opposed to mere five million commdrdiaildings. As such this paper addresses resiaenti
buildings as opposed to commercial buildings. B there are several metrics to measure eco friezstifor
homes. Three such systems are National Associaifohlome Builders Model Green Building (MGB)
Guidelines, National Association of Home Buildengén Building Standard (ICC 700-2008) and Uniteatest
Green Building Council’s LEED (Leadership in Enei@yd Environmental Design). The Model green buddin
guidelines address, seven criterions, lot desiggpurce/water/energy efficiency, indoor environrakqtiality,
homeowner education, and global impact in detemgirsustainability. The ICC 700 uses very similat si
criterions, lot design, resource/energy/water efficies, indoor environmental quality, operatiogimenance,
and building owner education. The LEED recognizestagnability with eight criterions of Innovativeesign
process, location and linkage, sustainable sitasemefficiency, energy efficiency, materials sétet, indoor
environmental quality, and awareness and educadfinis.paper discusses two rating systems used ifolJ&o
friendly building design fohomeswith special emphasisn effects of energy efficiency in rating valued-or
energy efficiency requirements of International igyeConservation Code is also addressed. Usingvehoene

in California as an example the paper describes tooevaluate green building ratings for energycesficy
using three software tools for the MGB and GBShfomes in US.

Keywads: Energy Efficiency, Green Building Ratings, NatioAakociation of Home Builders, Green Building
Standard

1. Introduction

The Building Industry places a high demand on wsrlksources and there by impacting the
environment. According to the Environmental Pratectidgency (EPA), the buildings in US accounts
for about 40 % of annual energy use, 12 % of wammsumption, and 88 % of electricity
consumption [1]. Also buildings are known to bepssible for about 38 % of carbon dioxide
emissions and 20-30 % of landfill deposits in [@F Austin, Texas is considered the birthplace of
green buildings in US having developed a greendmgl program in ‘90s towards conserving energy
[2]. Since economic benefits were readily apparetiier cities, states and the US Government
realized the economic and environmental benefitdeskloping green building technology. Currently
there are many programs in US which can rate alingilproject for sustainability and environmental
impact [1]. Many of them have a rating tool with lifple thresholds for commercial and/or
residential new and/or retrofit construction. Mafythem also address the land, water, materiat, an
air quality and energy issues. These programsrflASHRE, Green Global Design, ICC 700 NGBS,
NAHB Model Green Home Building Guidelines, Greerokds online, DOE Energy Star Qualified
Home, and USGBC LEED (for new construction, comnagrinteriors, existing buildings, homes,
schools, retail, healthcare, and neighborhood deveént).
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The basic principles of the following programs tethto residential buildings were described in an
earlier paper [3].

i) Model Green Building (MGB) Guidelines by Nationasgociation of Home Builders(NAHB)

ii) National Green Building Standard (NGBS) by Nationdéssociation of Home
Builders(NAHB)

iiiy Leadership in Energy and Environmental Design (LEEDograms by The United States
Green Building Council (USGBC)

The current paper describtbe analysis of Energy Efficiency on the green buding rating systems
of MGB Guidelines and NGBS using an example buildig. Both of these require Energy efficiency
compliance with International Energy Conservationd€ (IECC) [4] or State approved similar
standard in addition to other requirements. Fa shiidy IECC 2009 is used.

2. The Example Building

The example building is a new two story singledesce with attached two car garage. The project
site is situated on a hill side in Monterey Parlsuaurban of Los Angeles, California. The firstoflo
living area is 1,638 square feet which includeslitieag room, family room, dining room, kitchen,
and bathroom. The second floor living area is 1,8§8are feet which includes three bedrooms and
two bathrooms. The total living area is 2,996 squfet on a 7,504 square feet lot. The square
footage of the house is above the typical averagthfs area.

3. International Energy Conservation Code (IECC®) 200Compliance Study

The IECC® deals with new construction, remodeliwgdow replacement etc. The code addresses
both residential and commercial buildings. The cedsures energy efficient building envelopes and
energy efficiency of elements of buildings that am part of building envelope. The Residential
portion of the Code deals with buildings that dmesé stories or less. Currently the State of Qatlifo
requires the buildings to be in compliance with (EG-or checking the IECC compliance the code
refers to tools such as ResCheck TM [5] a softiaokfor detailed plan analysis of the building for
energy efficiency.

RESCheck considers the energy ratings of windowsyrs] walls, ceiling, floors etc. RESCheck
examines the effect of different levels of insudatiR value), window U-values and solar heat gain
coefficient (SHGC) factors, and space conditioreagipment efficiencies to identify a cost-effective
system. R value is an indication of thermal resista higher values indicating higher thermal
resistance, thus energy savings. The U value mess$iie conduction of heat and is the reciprocal of
the R value. These R and U values are set by theriBanSociety of Heating, Refrigerating, and
Air-Conditioning Engineers. The SHGC factor is a measure of effectiveness oflaw glazing in
minimizing solar heat. SHGC is used by the Natidfeestration Rating Council (NFRC). REScheck
program calculates an overall UA (U*A) of a buildiby first multiplying U factor of each element
(such as a window) by its area and then summing &¥Aall the components in the building. The
program then compares this value against code gmarimum values. If the total heat loss
(represented as a UA) of your building does noteercthe total heat loss allowed for the same
building per the code, then the building confirrmghie IECC codeA partial view of the RESCheck
results for the example building is shown in Figurg, 2 and 3.After running RESCheck software
the example residence is 24% above IECC 2009 mmeints and hence achieves compliance.
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Compliance: Passes using UA trade-off

Compliance:  Maximum UA: 776 Your UA: 590 Maximum SHGC: 0.30  Your SHGC: 0.30

Gross Cavity R- Cont. R- Glazing UA
Area or Value Value or Door
Perimeter U-Factor
Ceiling: Flat or Scissor Truss 2996 22.5 22.5 66
Wall - 1st Floor: Wood Frame, 16in. o.c. 369 10.0 10.0 18
Orientation: Front
Window: Vinyl Frame, Double P ane 45 0.300 14
SHGC: 0.30
Orientation: Front
Wall - 1st Floor: Wood Frame, 16in. o.c. 428 10.0 10.0 19
Orientation: Back
Window: Vinyl Frame, Double Pane 54 0.300 16
SHGC: 0.30
Orientation: Back
Door: Solid 40 0.500 20
Orientation: Back
Wall - 1st Floor: Wood Frame, 16in. o.c. 504 10.0 10.0 22
Orientation: Right Side
Window: Vinyl Frame, Double Pane 72 0.300 22
SHGC: 0.30

Orientation: Right Side
40 0.500 20

Figure 1: Partial View of REScheck Software Anialysr Energy Efficiency

YR Your UA:590.0 Max. UA: 776.0

Figure 2: Partial View of Recheck Energy Efficier@rtification

2009 IECC Energy
Efficiency Certificate

Insulation Rating R-Value
Ceiling / Roof 45.00
Wall 20.00
Floor / Foundation 20.00
Ductwork (unconditioned spaces):

Glass & Door Rating U-Factor SHGC
Window 0.30 0.30
Door 0.50 0.30

Figure 3: View of REScheck Energy Efficiency degie
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4. Model Green Building (MGB) Guidelines Compliance Stug

First published in 2005, National Association of i Builders (NAHB) model green building
guidelines [6] were intended to be a baseline s thembers could develop local green building
programs. The MGB guidelines were written only $orgle family new construction. The guidelines
consider seven factors in Table 1, to determineethevels of ratings Bronze, Silver, and Gold.

For each category of seven, a score is assignest bas satisfying several requirements. For the
above seven categories, there is a minimum nunfbeoints required for the three levels of ratings

mentioned above. This is to ensure that the ak@spof green building principles are addressed to
some extent. In addition there is a minimum tot@hpscore required for each level of achievement
which is depicted in Table 1.

The National Association of Home Builders has madailable to public a user friendly online
scoring tool at http://www.nahbgreen.org/Scoringifdiee of charge. A partial view of the MGB
online scoring tool is shown in Figure 4.

Table 1: Threshold Point Ratings for Green Buitgirper Model Building Guidelines
Applicable for Single Family Homes

Threshold Point Ratings for Green Buildings

Performance Point Levels
BRONZE SILVER |GOLD

Green Building Categories

1.|Lot Design, Preparation, and Development 8 10 12
2.|Resource Efficiency 44 60 77
3.|Energy Efficiency 37 62 100
4.|Water Efficiency 6| 13 19
5.|/Indoor Environmental Quality 32 54 72
6. Operation, Maintenance, and Home Owner Educazion 7 9
7.|Global Impact 3 5 6

8. Additional Points from any category 100 100 100
Total Points 237 311 395

Source: Per information at http://www.nahbgreegiScoringTool/

The Energy Eftiency ratings are detailed in Chapter 3 of thidelines. The tool queries many aspec
the building including quality of duck system wodkhaust system of bathrooms, water heater, ingn
energy star labeled appliances, energy star lightackages, and compliance with International Er
Conservation Code (IECC) [4].

As seen in the Figure 5, the section 3.1.1 of tH@BMool queries if the building is equivalent to
IECC or local energy code. As depicted similar cthamze checks are performed as part of MGB
guideline checks.
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NAHBGREEN - NATIONAL GREEN BUILDING PROGRAM News s Events Contzctts (NN S

Home About the Program Who is Green? Green Scoring Tool Rating Systems Certification Resources

:: Home : Green Scoring Tool Greening the American Dream

/Graen Scoring Tool for the NZﬁEi\AadeF Green Home Building Guidelines

Welcome | My Projects | My Account | Interested in Cerification? | Brochures | Help | View Sfandard Projects | Sign out

Monterey Park Scoring Summary | Reports | Projects

Reports @

Designers Report | Summarv Report | Print Friendly

The Designer's Report lists all seven Guiding PrinciplesiSections, and the peints you selected for each. Only the line items where you claimed points are displayed.

Click the "Print Friendly™ link above to view a simpler format of the Designers Report.

‘ Export to Excel ] [ Export to Word ]

NAHB National Green Building Program

Green Scoring Tool for the NAHB Model Green Home Building Guidelines

Designer's Report
Project Name: Monterey Park

Figure 4: Partial View of Green Building Scoring dlgper MGB Guidelines
(Per information at http://www.nahbgreen.org/SogTool/)

Section 3: Energy Efficiency
3.1.1

The home is equivalent to the IECC 2003 or local energy code whichever is more stringent. Conformance to this threshold
shall be based on plan analysis using software such as ResCheck or other as approved by green building program
administrator.

Comments: ResCheck Energy Compliance Certificate

Check here if you claim compliance Yes/No Yes
3.1.2
Size space heating and cooling system/equipment 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.
Comments: Building under the jurizdiction of the 2003 International Energy Conservation Code (IECC), therefore meets compliance.

Check here if you claim compliance Yes/No Yes
313
Conduct third-party plan review to verify design and compliance with the Energy Efficiency section. When multiple homes of
the same model are to be built by the same builder, a representative sample (15%]) of homes may be reviewed subject to a
sampling protocol.

Yes/ Mo Yes

Check here if you claim compliance

332A
Size. design. and install duct system using ANSIVACCA Manual D® or equivalent.

Figure 5: Partial View of Green Building Scoring dligper MGB Guidelines
(Per information at http://www.nahbgreen.org/ScagfTiool/)

After analysis of many other factors such as insaof hot water lines, heat traps between hot and
cold water lines, use of ENERGY STAR® advanced tligih packages, and ENERGY STAR®
appliances, and allocating points the tool comewith a total score of 75 points for Energy
Efficiency of the building. Based on total poirtaimed for Section 3 (Energy Efficiency) the
building qualifies as a Silver level rating (minimw62 points) for Energy efficiency of the building.
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Bronze| Silver| Gold
Required Points| 37 62 | 100

75 | " Additional Points| 96 | 71 | 33 L

Section 3: Energy Efficiency

Total Points Claimed in |

Figure 6: View of Total Score for Energy Efficiemmr MGB Guideline Tool

5. National Green Building Standard (NGBS ICC 700-2008Compliance Study

This standard was developed by expanding the Mdlelding guidelines to include single
family/multifamily homes, residential remodelingnca site development. The American National
Standards Institute (ANSI) approved this standardhéernational Code Council (ICC) 700-2008 [4]
in 2009. Thus this becomes a consensus develogamhophe standard considers the six factors in
Table 2 to come up with four levels of ratiryonze, Silver, Gold, and Emerald

Similar to the MGB guidelines there is a minimunmher of points required in each of the above
categories for each level of ratings. As shown ome t NAHB web site
(www.nahbgreen.org/Guidelines/ansistandard.asghe)threshold values are as follows

Table 2: Threshold Point Ratings for Green Buildirger National Green Building Standard (ICC

700-2008) applicable to Single and Multi Family Hzsn
Source: http://www.nahbgreen.org/Guidelines/ansistadi@espx

Threshold Point Ratings for Green Buildings

o . Performance Point Levels (1) (2)
Green Building Categories
BRONZE |[SILVER (GOLD EMERALD
Lot Design, Preparation, a
1. Chapter 5 Development 39 66 93 119
Chapter 6 Resource Efficiency 45 79 113 146
Chapter 7 Energy Efficiency 30 60 100 120
Chapter 8 Water Efficiency 14 26 41 60
5. Chapter 9 Indoor Environmentt| 65 100 | 140
Quality
Operation, Maintenance, a
6. Chapter 10 Building Owner Education 8 10 1 12
7 Additional Points from an 50 100 100 100
category
Total Points 222 406 | 558 | 697

(1) In addition to the threshold number of poimseiach category, all mandatory provisions of eaafegory shall b
implemented.

(2) For dwelling units greater than 4,000 squagt (872 square meters), the number of points in @ayed (Additiona
Points from any category) shall be increased im@ance with Section 601.1. The "Total Points" sbalincreased by tt
same number of points.

The National Association of Home Builders web sitgo has a user friendly onlirseoring tool at
http://www.nahbgreen.org/ScoringTodtee of charge for National Green Building Stawod@CC
700-2008) based scoring for green homes. A pavigaVv of the scoring tool is shown in Figure7. As
can be seen the standard has some mandatory peactauses (section 701), the example building
complied.
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CHAPTER 7 - Energy Efficiency

Section 701 -Minimum Energy Efficiency Requirements
Practice 701.3 Mandatory practices: Third-party Review

A review of the design has been conducted by a third party to confirm that the intent of the Standard with respect to
energy provisions has been met.

|Condition5 met Points Claimed: I]-|

|D0|:umentation Required - MNone. |

Practice 701.4.1 Mandatory practices: HVAC systems

Space heating/cooling sized per ACCA Manual J.

|Conditions met Points Claimed: 0

Documentation Required - Provide software output report using ACCA Manual J or equivalent with recommended HVAC
equipment sizes.

Figure 7: Partial View of Green Building Scorifigol per ICC 700-2008.
(http:/lwww.nahbgreen.org/Guidelines/ansistandasgx)

The standard also requires through the Performgmaté (Sec. 702) that Energy Efficiency
performance be more than at least 15% of IECC mimmrequirements. By selecting the
performance path the standard allows flexibilitghiat some part of the building may be less efficie
than expected of IECC as long as the overall mgidmeets the required performance. The
performance path allows the designers to consideety of factors such as roof reflectivity, shagin
devices etc. Since our IECC 2009 analysis througlsdheck software has a performance of 24 %
more than the IECC baseline, this building recei8@spoints (minimum required 15% more than
IECC performance.) for this section as shown inuFegs.

Section 702 -Performance Path

Practice 702.2 Performance Path

Points from the Performance Path (section 702) shall
not be combined with points from the Prescriptive
Path (section 703).

A documented analysis shows performance in
excess of IECC by at least 15%, 30%, 50%, or 60%.

15% Points Claimed: 30

Figure 7: Partial View of Green Building Scoring Tger ICC 700-2008.
(http://www.nahbgreen.org/Guidelines/ansistandard.spx

With all the points accounted for in Chapter 7 (iyeEfficiency) of the standard the building
received 73 points and qualified to be Silver (minm 60 points) rating as shown in Figure 8.
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Section 705 -Innovative Practices

Practice 705.1 Energy consumption control

Whole bldg or dweling unit device installed to controls or monitors energy consumption. 7 points maximum awarded.
Total Points Claimed for this Item: 4

Energy monitoring device Points Claimed: 4

Documentation Required - Provide manufacturer's product specification for T-stat.
Provide manufacturer's specification for energy monitoring device.
Provide manufacturer's product specification for energy management control system.

Total points claimed in Chapter 7 - Energy Efficiency: 73
Point Minimums for this Chapter: Bronze: 30 Silver: 60 Gcold: 100  Emerzld: 120

Figure 8: View of Total Score for Energy Efficienpgr ICC 700-2008 Tool
(http://www.nahbgreen.org/Guidelines/ansistandard.aspx

6. Discussion

The paper surveys two popular methods for ratiregeiy residential buildings in the United
States. The two methods are very similar. As  siineh MGB guideline tool is planned to be
discontinues beginning 2011 and the Green builditagndard tool to continue. The builders and
designers of homes may find the user friendly foeéne tool based on ICC-700 and REScheck
useful. The ICC 700-2009 is an accepted standarthdyAmerican Standard Institute (ANSI) which
makes it a consensus developed option.
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