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COMPLIANCE ANALYSIS

Performing LEED Compliance
Analysis

OVERVIEW

This Supplement describes the procedures for using a new eQUEST compliance module that aids energy modelers
in generating a Leadership in Energy and Environmental Design (LEED®) Version 3.0 for New Construction and
Renovations (LEED-NC v3.0) compliant baseline energy model.

United States Green Building Council’s (USGBC) new LEED-NC v3.0 Standard adopts ASHRAE 90.1-2007
Appendix G: Performance Rating Method as one method for determining the minimum and above standard
performance rating for its Energy and Atmosphere Prerequisite 2 (EAp2) and Credit 1 (EAcl). Appendix G
outlines the fundamental assumptions used in preparation of energy models for making the performance rating.
This new software module automatically converts a valid DOE-2.2 proposed building energy model to be minimally
compliant with the Appendix G rating standard. Therefore, it is hoped this tool is of value to eQUEST user’s
pursuing the LEED-NC v3.0 certification.

The compliance module described in this manual uses existing and new enhancements to the Compliance Analysis
rules processor capabilities, originally developed for determining compliance with the California’s Energy Efficiency
Standards for Nonresidential Buildings. In this case, the rules processor has been tailored to target the Methods and
Standards (ASHRAE 90.1-2007) referenced for LEED-NC v3.0 energy performance analyses. Therefore, in this
manual, this new tool is commonly referred to as the LEED rules processor or ruleset, and similar variations.

The current version of the LEED rules processor is capable of taking an eQUEST user’s proposed building inputs
for space conditioning, occupancy and climate to generate a valid DOE-2.2 input file with the minimally compliance
90.1-2007 Appendix G baseline envelope and space lighting performance specifications. The tool is not currently
able to perform a complete conversion of the proposed model input to a 90.1-2007 Appendix G compliant model.
This manual outlines the required user inputs and scope of model components manipulated by the rules processor.
It is assumed the user of this new tool is comfortable using and specifying DOE-2.2 inputs with eQUEST’s
“Detailed Interface” and is well-versed in the ASHRAE 90.1-2007 (including Appendix G) and LEED-NC v3.0
Standards. Modeling topics not addressed in this manual, such as HVAC, central plant and service water heating
components, should be assumed unchanged from the user’s proposed building input.

The topics addressed in this manual include:
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Specifying project site location and climate information

Assigning space conditioning and occupancy

Specification of exterior, underground, and interior walls performance
Calculation of lighting power allowances

Creation of baseline HVAC systems

The following table provides a rough outline of what features and capabilities are included in the current or planned
versions of the LEED rules processor. The current release has basic capabilities for manipulating proposed building
LOADS input, i.e., envelope, lighting and HVAC specifications. As funding becomes available and interest in this
product increases, these capabilities will be expanded over time.

Current Future
Vetsion Versions

Task

Site Data

Create LEED compliance analysis project from Wizard X

Determine climate zone for U.S. locations X

Determine climate zone for International locations. X

Create design days for project location X

o

Create parametric runs for 90°, 180°, and 270° building runs.

Envelope

Ability to specify 90.1 space use and conditioning categories

Modify opaque envelope to meet baseline performance

Modify windows and skylights to meet baseline performance

|| ]

Adjust fenestration area to meet baseline allowance

Quality checks of proposed building envelope inputs. X

Lighting

Calculation of baseline lighting power allowance using “Space-by-Space” X
method

Calculation of baseline lighting power allowance using “Building Area” X
method

Adjustment of lighting power for lighting power exceptions and X
automatic lighting controls (occupancy sensors, programmable timers).

HVAC, Central Plant, and DHW

Creation of baseline HVAC systems, including spaces that meet the user X
specification of Section G3.1.1., Exceptions a), b), ¢), and d)

Automatic capability to determine Section GG3.1.1. Exceptions. X
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Creation of baseline central plant, including pumps and control setpoints. X

Baseline sizing runs to determine baseline equipment capacities and X
capacity specific inputs (fan power, heating/cooling efficiencies).

Quality checks of proposed building HVAC inputs. X
Calculation of baseline DHW equipment efficiency. X
Reports

Creation of LEED EAcl template. X
Plotting of user-selected simulation schedules. X
Plotting of user-selected HVAC performance curves. X
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GETTING STARTED

Model Creation Methods

Using the eQUEST Building Creation Wizard

The building creation wizard enables the user to quickly generate a proposed building input file. Refer to the
“Building Wizard” section of the eQUEST Tutorial for instructions on using the Wizard to create a proposed
building input file. Generally, wizard inputs will be translated to detailed interface values representing minimally
compliant Title 24 values, however, users should review the detailed interface to make sure all inputs represent the
actual design prior to continuing with the compliance analysis.

Using the Detailed User Interface
The detailed interface may be used to create a building from scratch or to edit a building created by the wizard or
imported from an existing BDL input file. Each of these three methods is described below:

Creating a Building from Seratch: When starting eQUEST, select “Create Building from Scratch.” If eQUEST s already
running, select New/”’Blank Slate Building Desctiption.” Components of the building can then be created
individually. Generally, cQUEST will default individual properties not input by the user to minimally compliant Title
24 values, however, users should review the detailed interface to make sure all inputs represent the actual design
prior to continuing with the compliance analysis. In particular, each property on the “Compliance” tab for a
component should be carefully reviewed to ensure it accurately reflects information in the construction documents

for the proposed building.

Editing a Wizard Created Building: The wizard will create a complete and fully valid (i.e. no errors will occur during
simulation or compliance analysis) building input file. This file can be edited by selecting any individual component
and modifying their properties.

Editing an Imported BDL File: Once a valid BDL input file has been successfully imported into eQUEST (see next
topic), individual components may be selected and edited.

Writing a DOE-2.2 BDL Input File and Reading Into eQUEST

At this time, the only way to perform compliance analysis on a DOE-2.2 BDL input file is to open it into eQUEST.
Compliance analysis may be performed on an existing BDL input file within the limitations of the rules processor.
In addition to DOE-2.2 documentation, users should refer to Section 2, Compliance BDL Elements, of this
document for proper use of compliance analysis keywords.

When starting eQUEST, use the following procedure to open a BDL input file:

a) select “Select an Existing Project to Open”
b) set the file type to “DOE-2.2 BDL Input Files (*.inp)”
¢) select the input file to import into eQUEST

If eQUEST is already open, use the following procedure to open a BDL input file:
a) select File/Open or click the open icon.

b) set the file type to “DOE-2.2 BDL Input Files (*.inp)”
¢) select the input file to import into eQUEST

Generally, cQUEST will default individual properties not input by the user to minimally compliant Title 24 values,
however, users should review the detailed interface to make sure all inputs represent the actual design prior to
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continuing with the compliance analysis. In particular, each property on the “Compliance” tab for a component
should be carefully reviewed to ensure it accurately reflects information in the construction documents for the

proposed building.
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BUILDING MODELING TOPICS

Step 1: Open or Create A New Compliance Project

The first step is to open the proposed building project in eQUEST. New projects created with the current
eQUEST v3.63 release will now include keywords relevant for both the T24 and LEED rules processors. This
enables the user to elect to do either a T24 compliance analysis or create LEED baseline building without returning
to the Wizard if the user failed to select a Compliance method initially.

The LEED rules processor was developed as a stand-alone application, however, numerous BDL keywords utilized
by the LEED rules processor are either the same or have analogous meanings as keywords used in T24 Compliance
analysis. Identification of these relationships leads to one highlight of the LEED rules processor, which is that
much of the user-defined T24-2005 compliance analysis input is translated to input for the LEED rules processor.

LEED keywords analogous to T24 keywords typically begin with “C-901-%, followed by similar abbreviations
representing the significance of the keyword. For example, the space conditioning category for a T24 analysis is
specified using the C-CONDITIONING keyword, while the analogous LEED keyword is C-901-CONDITION.
The symbol values for this keyword are not the same, and therefore a BDL default expression is used to “map” the
T24 values to the LEED values.

Appendix A includes reference tables that outline keyword mapping assumptions. However, due to slight
differences in definitions of compliance inputs, both within the Standards and the ruleset, users should not assume
the translation is perfect, and therefore verify the default LEED-related keyword values. Finally, it is important to
understand this BDL keyword defaulting works in only one direction. That is, LEED keyword values will not
automatically “map” to T24 keyword values. Ultimately, however, we believe this capability is expected to save time
for users who are performing T24 Compliance analysis, and wish to evaluate their design using the ASHRAE 90.1
Appendix G criteria.
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Step 2: Enter Compliance and Site Parameters Information

Before inputting detailed LEED rules processor data, the user should specify the necessary COMPLIANCE and
SITE-PARAMETERS information.

Compliance Data
In the Compliance Analysis Data dialog, the required inputs are:

1. Building Type (C-901-BLDG-TYPE)
2. Number of Floors (C-901-NUMFLRS)
3. Heating Source (C-HTG-SYS-CLASS)

f 2 x|

Basic Specifications

Compliance Component Mame: |Compliance Data

Compliance Analysis Data

Building Type: |Of'fice j
Murm, Floors: &
Heating Source: |E|ectric: and Other j

Compliance Reporting

Project Mame:

|
Project Address: |
|

Phone:

Docurmentation Author:

Done

The building type should describe the predominant use of the proposed LEED project. The building types
correspond to the ASHRAE building area method descriptions listed in Table 9.5.1 of the Standard. Specification
of the building type at the compliance level defaults analogous inputs at both the DOE-2 floor and space
commands, where it ultimately is used to aid in specification of applicable occupancy types in each space.

The number of floors should reflect the total number of stories in the project with conditioned space. This includes
both above and below-grade floors. It is essential the user define this value correctly, as it is used as one criteria for
determining the baseline HVAC systems, and the rules processor is currently not capable of accurately determining
this value for all projects.

Finally, the heating source should reflect the predominant source of the proposed LEED project. Similar to
building type, specification of the heating source at the compliance level defaults analogous inputs at both the DOE-
2 floor and space commands, where it ultimately is used to determine the appropriate baseline HVAC system for
each floor/space.
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Site Properties
In the Site Properties dialog, the relevant inputs are:

Country (C-COUNTRY)

State / Province (C-STATE)

City / Location (C-LOCATION)

Weather File (C-WEATHER-FILE)

Climate Zone Number (C-901-CZ-NUMBER)
Climate Zone Letter (C-901-CZ-LETTER)

Sk D=

Site Properties

Basic Specifications l Ground Temps | Solar - Daylighting | Terrain

Site Mame: |Site Data
Country: |United States & Territories ﬂ
State: |Washington ﬂ

City / Location:

Altitude: Z0 ft Time Zone: g
Latitude: 4765 deg Climate Zone Mumber: |4 hd
Longitude: 122.30 deg Climate Zone Letter: |C hd

Davylight Savings: |Tes -

weather File: | vy SEATTLWA bin

Doke

When specifying the project country as “United States and Territories”, the user is required to also specify the
project state and city/location. The list of available states and locations cortespond to those available in the
eQUEST wizard, and for new LEED compliance projects created using the wizard, the state, location and weather
file information will be automatically populated from the Wizard. Based on the Wizard or user-defined US location
properties, the LEED rules processor will automatically default the appropriate ASHRAE climate zone number,
major climate type letter, and weather file for the project. Please note, the site parameter values for latitude and
longitude should be defined within X degree tolerance of the weather data file location, otherwise, an error will
occur during execution of LEED rules processor.

If C-COUNTRY is specified to be “International -or- User-defined”, the user must enter the appropriate climate
zone number and letter for the project, as well as specify the weather data file. Again, the latitude and longitude
properties should be within tolerance of the weather data file information.
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Step 3: Specify Floor and Space Properties

Space conditioning and occupancy are essential inputs used to determine a multitude of baseline performance
inputs, including envelope performance, lighting allowances, and HVAC system type (future versions). Therefore,
understanding the definitions of the inputs and Appendix G interpretations established within the rules processor
are fundamental to creating the appropriate LEED baseline building from your proposed building input.

Floor Properties

As mentioned in the compliance data section above, there are two inputs that cascade down from the compliance
level to the space level via keyword defaulting.

Floor Properties

Currently Active Floor: |EL1 Below-Grade Flr ﬂ

Basic Specifications ]

Floor Nare: |EL1 Below-Grade Flr

Multiplier: 1

Building Type: |Retai|

Heating Source: |Ele|:tric: and Cther

Geometry

Shape:  |Use 5 POLYGON ]
Polygon: |EL1 Flaor Palygon j
X 0.00 ft Fr-to-Flr HE: | 10000 ft
e 0.00 fr Flr-ta-Clg Ht: 10,00 fk
Z5 -10.00  Ft n/a

Azirmuth: 360,00 deg n/a
Area: 10,000 fe2
Wolume: 100,000 Ft3

Dane

These inputs are the building type (C-901-BLDG —TYPE) and heating source (C-HTG-SYS-CLASS). The
FLOOR commands provide flexibility for changing the default building description for all space “children” to the
floor, as is the typical case in actual buildings. This is behavior is best described by Example 1 below.

Example 1: Consider a proposed, 14 story mixed-use project, where the first floor contains retail space and the
second story contains offices. Above the offices are nine levels of apartments, and below the retail space are two
floors of below-grade parking. Each floor has the same footprint area of 10,000sf. The retail spaces are served by
four-pipe fan coil units. A VAV system with chilled and hot water coils serves the office floors. Fach apartment is
conditioned by individual two-pipe fan coil units with electric resistance heating.
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MODELING TOPICS

In this case, the user would be advised to specify the building type as “Multifamily”” and the predominant heating
source to be “Electric and Other” in the compliance data dialog. Then, the user would modify the non-
predominant floor building types to be office, retail, and parking. At the same time, the heating type for the office
and retail floors would be revised to “Fossil Fuel/Hybrid/Purchased Heat”. This would default building type and
heating source inputs of child spaces to match the floor, ultimately reducing the number of user inputs for each

individual space.

Space Properties

In the Space, Basic Specs dialog, the relevant inputs for conditioning and occupancy are listed:

Nk L=

Conditioning (C-901-CONDITION)
Building Type (C-901-BLDG-TYPE)
Schedule Type (C-901-SCH-TYPE)
Sub-Occupancy Type (C-901-OCC-TYPE, 10 value keyword array)
Sub-Occupancy Area (C-SUB-AREA, 10 value keyword array)
Heating Source (C-HTG-SYS-CLASS)
Baseline HVAC System Exceptions

a.  System Type (C-SYS-EXCEPTIONT)
b. Economizer (C-SYS-EXCEPTION?2)
c.  Energy Recovery Ventilator or ERV (C-SYS-EXCEPTIOND3)

Space Properties E'El
Currently Active Space: |EL1 South Perim Spc (B.51) j Zone Type: Conditioned
Basic Specs I Equiprnent ] Infiltration I Daylighting ] Contents ] Lighting ]
Space Name: |EL1 South Perim Spe (B.S1) Compliance Settings
Parent Floor: |EL1 Below-Grade Flr ﬂ Building Type: |Retai| j Heating Source: |E|ectr\c and Other j
Zone Type: |C0nditi0n8d ﬂ Conditioning: |UnCDnditiDned, Enclosed ﬂ Systern Type Exception: |ND Exception j
Description: |Reta\| /whalesale Showrm {72%) Schedule Type: |Nonresidentia| j Economizer Exception: |No Exception j
Multipliers: Space! 1 Flaor: 1 ERV Exception: |N0 Exception j
Sunspace: Mo bl Temp.: 700 °F
Location & Geometry Cocupancy
Location: |- undefined - ﬂ Schedule: |EL1 Bldg Oceup Sch ﬂ Surmn of Occupancy Type Areas:  150.0 fi2
Shape: |Use a POLYGON j AreafPerson: 35 f2
Polygaon: |EL1 Space Polygon 1 ﬂ Mumber of Peaple: 4
" 50,00 ft Flr-to-Clg HE: 10,0 ft Total Heat Gain: 450 Btufh-person
¥ 0,00 f nia Sensible Heat Gain: 250 Btufh-person
Z: 0.00 ft nfa Latent Heat Gain: 199 Btuth-person
Azimuth: 0,00 deg Area: 1500 ftz —
Wtz 1,500 f3 Qccupancy Type Area (fi2) —
1 |Sales Area - 10&.00
2 |Corridor/Transition - 22.50 —
3 |Lobby - 7.50
4 |Conference/Meeting/Mult « 6.00
5 |Electrical/Mechanical - 6,00 o
Conditioning

The conditioning specifications are based on ASHRAE classifications for a “space”, as listed on page 13 of the
standard. In the context of the LEED Compliance Analysis tool, the space conditioning categories are:

10
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1) Conditioned -or- Indirectly Conditioned
2) Plenum -or- Enclosed Ceiling

3) Semiheated

4)  Unconditioned, Enclosed

5) Ventilated Parking/Crawl(space)/Attic
6) Not Included

“Conditioned -or- Indirectly Conditioned” and “Plenum -or- Enclosed Ceiling”” are both considered within the
conditioned envelope, however, these designations allow the rules processor to differentiate between these spaces
for calculaton of building floor areas. “Semiheated” spaces meet the conditioning requirements set forth in the
Standard, and these ateas are included in the overall conditioned floor area calculations. “Unconditioned, Enclosed”
spaces within the building but are neither conditioned nor semiheated. The designation of “Ventilated
Parking/Crawl(space) /Attic” allows the user to explicitly simulate spaces outside the conditioned envelope, while
enabling the rules processor to determine envelope performance between these and adjacent spaces. In the
circumstance a modeled space is outside the scope of the LEED analysis, the user can designate the space as “Not
Included”. In this case, the area of the space and the attached surfaces will not be included in envelope calculations,
and all other proposed DOE-2.2 LOADS inputs are assumed to be the same as the proposed.

Building Type

As mentioned in the “Floor Characteristics” section above, the space classification of the C-901-BLDG-TYPE
keyword is defaulted based on the parent floor value. The space building type designation ultimately governs the
occupancy types available to the user, which are also dependant on schedule type. As mentioned in the
“Compliance Data” section, the building types correspond to the ASHRAE building area method descriptions listed
in Table 9.5.1 of the Standard. The space building type assignment is restricted by the space’s schedule type, as
discussed below.

Schedule Type

The schedule type simply refers to “Nonresidential” and “Residential” classifications. The space schedule type (C-
901-SCH-TYPE) options are limited by the space buildings type (C-901-BLDG-TYPE). Spaces assigned any of the
available building types can be have schedule type of “Nonresidential”, as it is assumed even residential build types
covered by the Standard often also contain nonresidential spaces. However, a “Residential” schedule type 1s limited
to spaces with building type designations of “Dormitory, “Hotel”, “Motel”, “Fire Station”, “Police Staion”, and
“Multifamily”’. Residential building types with a “Nonresidential” schedule type can contain spaces that are
classified by both schedule types, however, nonresidential and residential occupancies (discussed below) cannot be
combined in the same space.

Ultimately, the space schedule type, in addition to the conditioning and climate specifications, are used to determine
the required envelope performance.

Occupancy Type and Area

Space occupancy types are based on the categories listed in Table 9.6.1 of the Standard. The occupancy type input
allows the rules processor to determine the baseline lighting power allowance for the space. These space occupancy
types can be classified into three categories:

1) Nonresidential, Common
2) Nonresidential, Building Specific
3) Residential, Building Specific

11
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Table 4, lists the common and building specific space occupancy categories, and highlights residential building
specific types. The table also identifies which occupancy types are available based on the local space building type
designation.

In general, spaces with a “Nonresidential” schedule type and any of building desighations can contain any fraction of
common, nonresidential occupancy types. Spaces with a “Residential”” schedule type and any of the building
designations classified as residential can contain only the respective building specific occupancy types. These
occupancy types include Hotel/Motel “Guest Rooms”, Dormitory “Living Quarters”, Fire Station/Police Station
“Sleeping Quarters”, and Multifamily “Private Living Space”.

A nonresidential, “-undefined-" building space is limited to only specifying common occupancy classifications. A
residential, “~undefined-" building type is limited to contain only the generic “Living Spaces” occupancy type. This
space occupancy type has no lighting allowance under the Standard, and is therefore assumed to have the same
lighting power as the proposed.

The LEED rules processor allows the simulation of individual spaces with a mix of up to ten occupancy types,
provided they all have the same schedule classification (nonresidental /residential).

The areas of all sub-occupancies in the space must sum to the value input in the area property for the space
component. The rules processor will automatically check to see that the sum of all sub-spaces matches the area of
the space. If not, the rules processor will automatically terminate the LEED baseline model conversion and post an
error message to the computer screen.

Heating Source
As mentioned above, the heating source classification is defaulted based on the parent floor designation. The
heating source ultimately is one factor in determining the baseline system type.

System Exceptions

Per Appendix G guidelines, there are certain exceptions to for baseline system type (Section G3.1.1) economizer
requirements (Section G3.1.2.6) and exhaust air energy recovery (Section G.3.1.2.10). These exceptions allow
identification of spaces served by a proposed HVAC system that meets the exceptions, as determined by the user.
Since these exceptions are not entirely dependent on DOE-2 inputs, the LEED rules processor requires the user to
make the determination if these exceptions are applicable.

T24 Input Defaulting

As indicated in Step 1, numerous keyword values included in a T24-2005 compliance project are used to default
keyword values in a LEED compliance project. Table 1 below lists the LEED compliance keywords for spaces
which are defaulted based on T24 compliance keywords. Appendix A includes tables which illustrate these
translations.

Table 1. Analogous LEED and T24 Complinace Analysis Keywords for WINDOW command.
LEED Compliance Keyword | T24 Compliance Keyword

C-901-CONDITION C-CONDITIOING
C-901-SCH-TYPE C-SCHEDULE-TYPE
C-901-OCC-TYPE C-OCC-TYPE

12
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In the absence of T24 compliance keywords, the LEED space conditioning type is defaulted based on Wizard
populated or BDL required keywords. C-901-CONDITION is defaulted using the space “ZONE-TYPE” and “Z”
keywords. The BDL default assumes spaces with Z > 0 feet and ZONE-TYPE = UNCONDITIONED are
“Plenum -or- Enclosed Ceiling” spaces, and therefore are within the conditioned envelope.

By default, the space schedule classification is assumed to be “Nonresidential” if not defined by the user.
Finally, if the project was created using the Wizard of the current e QUEST program, the 90.1 space occupancy types

will automatically be included in the project input file. The translation of Wizard activity areas to 90.1 space
occupancy categories is also included in Appendix A.

13
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Step 4: Specify Wall Characteristics

The baseline opaque wall performance is based on the space conditioning and schedule type, climate zone, and the
building surface orientation.

Surface Orientation
The LEED rules processor uses the DOE-2 TILT keyword value of an envelope surface to determine its primary
orientation. Following ASHRAE definitions, the following ranges for TILT define the three primary surface
types:

1)  Wall: £60° =TILT = £120 °

2) Roof: —=60° <TILT < +60 °

3) Floor: —120° <TILT < +120°

In the context of the Standard, underground, vertical walls are considered below-grade walls, and underground
floors are considered slab-on-grade floors.

Construction Assemblies

In eQUEST and DOE-2.2, interior and exterior walls, roofs and floors as well as underground walls and floors
must reference a “Construction”, which defines the layers of materials that make up the wall, roof or floor
components.

To define the baseline envelope surface constructions, the LEED rules processor does not modify the proposed
building construction components. Instead, new constructions, layers and materials for the baseline building are
created. The construction assembly definitions listed in Normative Appendix A of the ASHRAE 90.1-2007
Standard were used as templates for the LEED baseline wall assemblies, however, some deviations were made for
modeling purposes. With the exception of an insulating material layer, these assemblies are the same across all
climates zones. The rules processor adjusts the value of the insulation layer to achieve the overall assembly U-
factor, F-factor, or C-factor requitements for the appropriate project climate zone and schedule/conditioning type
(nonresidential, residential, or semi-heated). Table 2 below describes the components of the baseline construction
layers.

14
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Table 2. LEED Baseline Exterior and Underground Wall Assemblies.

Roofs: Insulation Entirely Inside Film Resistance: R=0.61

Above Deck Material 1: Built-up Roof, 3/8in

(§A2.2.1) Material 2: Steel Decking

Material 3: Roof Insulation Layer

Material 4: Gypsum boatd, 5/8in
Above-grade Walls: Steel- Inside Film Resistance: R=0.68

framed Material 1: Stucco, 3/8in

(§A3.3.1) Material 2: Gypsum boatd, 5/8in

Material 3: Above-grade Wall Insulation Layer
Material 4: Gypsum boatd, 5/8in

Floors: Steel-joist Inside Film Resistance: R=0.92

(§A5.3.1) Material 1: Carpet & Rubber Pad

Material 2: Concrete, 4in, 1401b

Material 3: Steel Decking

Material 4: Floor Insulation Layer

Slab On-Grade Floors: Inside Film Resistance: R=0.61

Unheated Material 1: Slab-on-grade Floor Insulation Layer
Material 2: Concrete, 6in, 1401b

Material 3: Light, Damp Soil, 12in
Below-grade Walls Inside Film Resistance: R=0.68

Material 1: Below-grade Wall Insulation Layer
Material 2: Concrete, 6in, 1401b

Material 3: Light, Damp Soil, 12in

Exterior Surfaces

Proposed building exterior and semi-exterior walls, floors and roof surfaces, as defined below, are covered by the
Standard, and therefore will be revised by the rules processor to the baseline wall performance.

Exterior surfaces have the following characteristics:

1) Separate conditioned, indirectly conditioned, and plenum/enclosed ceiling space from the extetior.

2) Separate conditioned, indirectly conditioned, and plenum/enclosed ceiling space from enclosed,
unconditioned space.

3) Separate conditioned, indirectly conditioned, and plenum/enclosed ceiling spaces from a mechanically or
naturally ventilated parking garage, attic, or crawlspace.

Semi-exterior surfaces have the following characteristics:

1) Separate conditioned, inditectly conditioned, and plenum/enclosed ceiling space from a semiheated
space.

2)  Separate semiheated space from the exterior, unconditioned enclosed space, or a mechanically or
naturally ventilated parking garage, attic, or crawlspace.

Both exterior and semi-exterior surfaces are included in calculations of the window-to-wall and skylight-to-roof
ratios. All other surfaces, such as walls that separate an unconditioned, enclosed space or a parking garage, attic,
or crawlspace from the exterior, are not covered by the standard, and therefore are assumed the same in both the
proposed and baseline models and not included in the fenestration-to-opaque surface area ratios.
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Demising partitions should not be modeled as exterior walls. The LEED rules processor assumes demising walls
are modeled as interior walls. If a space should designated as “Not Included” in the LEED analysis, the demising
partitions should be modeled in the proposed building as an adiabatic partition, which will also be the assumption
in the baseline building model.

Interior Surfaces

Interior walls, ceilings, and floors are generally assumed to have the same construction characteristics as the
proposed building, and therefore, ignored by the rules processor. However, if an interior surface meets the
conditions of being an exterior or semi-exterior surface, as identified above, the interior surface performance falls
under the Standard and therefore is addressed by the rules processor in the same way as exterior surfaces. In this
case, proposed building input identifying the interior surface as “Air” or “Adiabatic” are ignored, and the rules
processor adjusts the baseline wall performance to be a “Standard” partition type and assigned a construction that
meets the requirements for the space conditioning. Similar to exterior surfaces, interior surfaces determined to be
exterior or semi-exterior are included in the fenestration-to-opaque surface area ratios.

Underground Surfaces

Underground walls and slab-on-grade floors that are attached to conditioned or semi-conditioned space are
covered by the Standard. The LEED compliance tool relies on user-input to determine the appropriate heat
transfer characteristics of underground surfaces.

To calculate the baseline underground surface performance, the LEED rules processor uses the convention
outlined in the DOE-2.2 manual, Volume 3: Topics, UNDERGROUND-WALL and UNDERGROUND-
FLOOR. This method assumes heat transfer through underground surfaces is proportional to a surface’s
exposed perimeter length and a perimeter conduction factor. For slab-on grade surfaces, ASHRAE defines this
petimeter heat loss factor as F-factor (Btu/hr-ft-°F). However, DOE-2.2 sutface conduction algotithms assume
heat transfer is proportional to a sutface’s area and an area conduction factor, or U-factor (Btu/hr-f2-°F).
Therefore, adjustments to the DOE-2 surface construction U-factor are needed to obtain equivalent performance.

The inputs used for determining the baseline performance of an underground surface are:

1) Exposed Length (C-EXPOSED-PERIM)

2) Fraction Below-Grade (C-FRAC-BELOW-GRD)
3) Slab/Below-grade Wall F-factor (C-FFACTOR)
4)  Below-grade Wall C-factor (C-CFACTOR)
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COMPLIANCE ANALYSIS MODELING TOPICS

Underground Surface Properties E‘El

Currently Active Surface: |ELL West wall (B.MNW4 U10) -]

Basic Specifications ] Cavylighting - Solar ]

Surface Name: |ELL West Wall (B.NNw4,L10)

Wi all
Parent Space: |EL1 NMW Perirn Spo (BLNMW4) j
Construction: |EL1 W Cons (BONMNW4,U10) j

U-Effective: Btufh-ft2-2F
Multiplier: 1

Slab-on-Grade Exposed Perimeter: 10.00 Ffr

Fraction of wall Below-Grade: 0.8000  ratio
Slab-on-Grade F-Factor: 1.94  Brufh-fe-2F

Below-Grade Wall C-Factor: 1.14 Brufh-ft2-2F

Location & Geometry

Location: |\.-'1 of Space Polygon j
Folygon: |- undefined - ﬂ
i 0.00 ft Area: 150.00 ftz2
i 0.00 ft Height: 10,00 f
Z: 0.00 ft width: 15.00 f

Azimuth: -180.00 deg Tilt: 90.00  deg

Done

The exposed length (C-EXPOSED-PERIM) is the amount of a slab-on-grade surface perimeter that is in direct
proximity to ambient conditions. The exposed length of a below-grade wall is the length of wall thatis in
proximity to an established grade.

The fraction below-grade (C-FRAC-BELOW-GRD) represents the fraction of a vertical underground wall height
that is within 8 feet of the exterior finished ground level. Buildings with one or more underground stories often
have surfaces deeper or only partly located in this region. The LEED rules processor uses the assumption that
heat transfer to the surrounding earth occurs only in the first 8ft from grade. Portions of the surface located
deeper than 8ft from grade are assumed more or less adiabatic. This LEED rules processor assumption is based
on the available data describing the perimeter conduction factors for below-grade walls. The C-FRAC-BELOW-
GRD keyword is not applicable to slab-on-grade surfaces, as its performance is assumed a function of C-
EXPOSED-PERIM only.

The LEED rules processor uses the following simple rules for defaulting the C-FRAC-BELOW-GRD keyword:

1) If the Z coordinate of the underground surface, in the context of the building coordinate system, is
greater than or equal to 0, the fraction below-grade is assumed to be 1.0.

2) 1If the Z coordinate of the underground surface, in the context of the building coordinate system, is less
than 0, the fraction below-grade is calculated for each surface. All surfaces completely within 10ft of
grade will have a fraction of 1.0, with the fraction decreasing as a larger portion of the wall height is
deeper than 10ft.
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The fraction below grade is a valid input for vertical underground walls and is used to determine the appropriate
perimeter heat loss coefficient. ASHRAE Standards stipulate below-grade wall performance in terms of C-factor,
which is similar to a U-factor for above-grade walls, except it does not include interior or exterior air or soil film
resistances. The C-factor is based on a specific R-value of continuous interior or exterior insulation. In turn, the
DOE2.2 Topics section, referenced above, lists perimeter heat loss values for 2, 4 and 8ft deep below-grade walls
with varying levels of continuous, exterior wall insulation. The LEED rules processor uses the exposed
underground wall height (C-FRAC-BELOW-GRD times the wall HEIGHT), as well as the insulation level
corresponding to the required C-factor, to look-up, interpolating if necessary, the resulting perimeter heat loss
factor for each vertical, underground wall.

In the case an underground wall’s parent space conditioning exempts it from the Standard, the exposed perimeter
length and fraction below-grade inputs are not used, and the baseline underground wall construction performance

will be the same as the proposed.

The rules processor defaults the C-EXPOSED-PERIM keyword of a slab-on-grade surface to be the sum of the
exterior walls attached to the space. For below-grade walls greater than or equal to 8ft in the context of the
building coordinate system, the default value is the WIDTH of the wall. For walls covered by the Standard, the
user can manually define both the exposed length and fraction below-grade to suit exceptional modeling
conditions. Specifying either C-EXPOSED-PERIM or FRAC-BELOW-GRD to zero indicates the underground
surface is more or less adiabatic.

The Underground Surface Properties dialog displays the user inputs for exposed petimeter and fraction below-
grade describe above. The dialog also displays the relevant baseline requirements for slab-on-grade F-factor and
below-grade wall C-factor, as determined by the rules processor. The rules processor calculates the perimeter heat
loss factor for below-grade walls, and displays this value in the slab/wall F-factor box. The below-grade wall C-
factor and slab-on-grade/below-grade wall F-factor cannot be modified by the uset, as they are dependent other
predefined information, mainly climate zone, surface orientation, and space conditioning. If the fraction below-
grade of an underground wall is changed, the rules processor will automatically adjust the calculated perimeter heat
loss factor using the new exposed wall height.

Exterior Doors

Proposed building doors attached to exterior and semi-exterior walls, floors and roof surfaces, are defined below,
are covered by the Standard, and therefore will be revised by the rules processor to the baseline door
performance. For each door component, the user should specify the C- TYPE keyword to the available
classifications:

1) Swinging (default)

2) Non-swinging
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Door Properties

Currently Active Door: Cioor 1 j

Basic Specifications ] Shading / Wiew - Daylighting - Other | Fins - Owverhang ]

Coor Mame; |DDDF 1 Multiplier: 1
Parent Wall: |Exteri0r wall 139 j
Location & Geometry Construction
e 0.00 Fft Construction: |Dh| Lyr Unins Mtl Doar ﬂ
'8 0.00 Ft . .
Compliance Information
Setback: 2.00 ft P
Doar Type: |N0nswmg|ng j
Height: .00 ft
wridth: 15.00 ft

Dane

In addition to modifying the construction to meet the baseline door performance requirements, the LEED rules
processor revises all of the proposed DOOR setbacks, overhangs, and vertical fins to the DOE-2 default values.
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Step 5: Specify Fenestration Characteristics

Fenestration products are created as “children” of either exterior wall or exterior roof components. Windows and
skylights both appear in the detailed interface as child components to exterior walls (for windows) and roofs (for
skylights). Each WINDOW component typically references a GLASS-TYPE component that describes the
construction and thermal characteristics of the glass used in the fenestration assembly. Additionally, each
WINDOW component has several of its own unique characteristics. It is important to remember that GLASS-
TYPE properties apply to any window that references the Glass Type (a one-to-many relationship) while
WINDOW properties apply only to individual window components (a one-to-one relationship).

Glass Type Components

The primary methods for simulating solar and thermal transmission through fenestration use the following DOE-
2.2 Glass Type specifications:

1. GLASS-TYPE-CODE or Glass Library method, where the user selects a fenestration product from an
existing library of fenestration products. This code represents a data file that defines coefficients for glass
performance based on weather data file parameters including solar angle of incidence, wind speed, incident
direct and diffuse solar radiation and indoor and outdoor temperatures.

2. SHADING-COEF or Simplified method, where the user specifies glass conductance, shading-coefficient,
and visible transmission of the glazing. These inputs can represent the entire fenestration product or glass
only, and solar transmission properties are assumed for normal incident angles.

For LEED Compliance Analysis, the Simplified method is used to simulate the baseline thermal
performance of glazing. Moreover, the baseline fenestration performance is for the entire assembly, glass
plus frame. The rules processor will not modify the proposed building input, however it is strongly suggested that
the user specify the proposed building fenestration performance be simulated using the Simplified method as well.
This suggestion is based on ASHRAE and LEED guidelines for fenestration performance to be determined using
NFRC test methods. The specific NFRC test methods quantify performance in the same context as the Simplified
method. Using the same method for both the proposed and baseline building models will provide for a fair
performance rating comparison. For additional information regarding the fundamental differences between the
Glass Library and Simplified methods, please consult the “eQUEST Modeling Procedure Quick Reference Guide”.

The LEED rules processor will create Glass Types using the Simplified method and the following proposed
building inputs:

1) Product Type (C-901-PROD-TYPE)

2) Frame Type (C-901-FRAME-TYPE)
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Glass Type Properties

MODELING TOPICS

Currently Active Glass Type: |EL1 window Type #1 GT j Type: sSimplified

Basic Specifications ] Component Details | Solar/Optical Details |

Glass Type: |ELL Window Type #1 GT

Shading Coefficient:
Glass Conductance:
Visible Transmittance:

Cutside Ernissivity:

Specification Method: | Simplified

Simplified Input Information

[ 086 BuhfteF

Compliance Information

Product Type: |\.-'er‘tical Glazing

=l
Frame Type: |N0nmeta| frarning, all j

Daone

In the case that the product type is one of three designations for skylights, the frame type designation is not used.

The baseline fenestration performance indicated by the Standard are listed in terms of U-factor (U) and solar heat
gain coefficient SHGC). These values are converted to the following DOE-2.2 inputs for glass conductance (GC)

and shading coefficient (SC):

whetre:

1

SHGC

0.86

i Ris the extetior film coefficient, assumed to be 0.17 hr-f2-°F/Btu. The GC adjustment for exterior
film coefficient accounts for calculation of the exterior film coefficient by the DOE-2.2 simulation
engine based on the hourly wind speed.

ii.  The conversion of SHGC to SC is based on the method prescribed in Section 5.8.2.5 exception a)
of the Standard.

Similar to the space conditioning and occupancy inputs listed above, the rules processor will recognize analogous
T24 Compliance Analysis inputs for GLASS-TYPE and default the product type and frame type. Table 3 lists the
analogous keywords, while the default relationships are listed in Appendix A.
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Table 3. Analogous LEED and T24 Compliance Analysis Keywords for WINDOW command.

MODELING TOPICS

LEED Compliance Keyword | T24 Compliance Keyword
C-901-PROD-TYPE C-PRODUCT-TYPE
C-901-FRAME-TYPE C-FRAME-TYPE

Window Components

Each proposed building WINDOW component requires the same product type and frame type inputs as glass
types, discussed above. The required keywords are the same listed for the glass types.

Window Properties E]g|

Currently Active Window: |Window 46 j
Basic Specs ] Blinds/Drapes - Switching ] Skylights ] Daylighting - Light well/Tube ] Fins - COwerhang ]
Wwindow Name: |Window 46 Window Glassilayers
Parent Wall: |Exterior wall 139 j Specification Methad: |C0mDDSitE j
Type of Window: |Standard window j Type of Glass: |EL1 windaw Type #1 .j
Multiplier: 1 Diffusing: |Noe =

Location & Geometry

b 20,00 ft
¥ [ 100
Setback: ,W fit Product Type: |Uer‘tica| Glazing j
Height: 6.00 ft Frame Type: |N0nmeta| framing, all j
width: 30,000 Ft

Wwindow Frame

Frarne Width: ’W ft
Conductance: ’W Btufh-ftz-°F
Absorptance: ’W

Spacer Type: |Alurminum -

Dane

Typically, proposed building WINDOW components (including glass doors and skylights) will be specified using
the GLASS-TYPE-INPUT method. In this case, each WINDOW requires definition of a GLASS-TYPE. The
WINDOW component C-901-PROD-TYPE and C-901-FRAME-TYPE will default to the values of the specified
GLASS-TYPE. However, if the GLASS-TYPE method is not specified or the proposed window GLASS-TYPE =
GLASS-TYPE-CODE, these inputs can be specified or defaulted for each WINDOW component as well. Again,
if T24 Compliance Analysis keywords are user input or defaulted, the LEED Compliance Analysis keywords will be
defaulted similar to GLASS-TYPE components.

However, the available WINDOW component inputs are dependent on the orientation of the WINDOW. That is,
WINDOWSs attached to above-grade walls can only have a product type of “Vertical Glazing”, while skylight can
only have one of three relevant product types. Similar to GLASS-TYPEs, if the WINDOW product type
designation one of three available for skylights, the frame type designation is not used.
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Fenestration and Building Surface Areas

During execution, the LEED rules processor calculates the total window/wall and skylight/roof areas for all spaces
covered by the Standard (nonresidential, residential, and semiheated). Using these values, a window-to-wall ratio
(WWR = total vertical fenestration area / total vertical wall area) and skylight-to-roof ratio (SRR = total roof
fenestration area / total roof area) are calculated for the entite project. The project WWR and SRR ate used, in
addition to the WINDOW product type and space type designations to determine the baseline fenestration
performance.

The baseline fenestration inputs for HEIGHT and WIDTH are adjusted to include any proposed window frame
dimensions (FRAME-WIDTH). In the event the proposed building WWR exceeds 40% and/or the SRR exceeds
5%, the baseline fenestration valued of HEIGHT is adjusted to meet these Appendix G allowances for fenestration
area.

Fenestration Shading

Similar to doors, the LEED rules processor revises all of the proposed WINDOW setbacks, overhangs, and vertical
fins to the DOE-2 default values. The rules processor also re-defaults any input for intetior/extetior,
moveable/fixed shading or insulating window devices.
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Step 6: Lighting

Interior Lighting

There are currently no specific additional inputs required for the LEED rules processor to calculate the baseline
lighting allowance for each space. The current LEED compliance tool only supports the Lighting Data Input
Method for Power Definition (SPACE:LTG-SPEC-METHOD = POWER-DEFINITION). This section
describes how the rules processor uses the inputs for this method and space occupancy to calculate the overall space
lighting powe