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Schedule

day one: Whole Building Energy Performance 
Simulations, aka ‘Energy Modeling’ & eQUEST 
(Quick Energy Simulation Tool)

day two: Complying with ASHRAE 90.1 Appendix 
G ‘Performance Rating Method’ for LEED



Learning Objectives

Understand Value Proposition for Whole Building 
Energy Performance Simulations

Learn how to use eQUEST to model buildings & 
generate reports, then evaluate output

Understand how to use ASHRAE 90.1 Appendix G 
‘Performance Rating Method’ within eQUEST to 
satisfy LEED requirements

Whole Building Energy 
Performance Simulations, aka ‘Energy 
Modeling’
&
eQUEST (Quick Energy Simulation 
Tool)

day one



What is Building Energy Modeling?

Building Energy Modeling

1. Conduction

2. Convection

3. Radiation

Glazing example

Building Energy Modeling
Fundamentals of Heat Transfer



Building Energy Modeling

• First - Heating and Cooling Peak Load Calculation 

(HCC) program (1967)

– Calculated hourly peak 

– Gave annual heating-cooling loads ( HVAC)

• U.S. DOE web site lists 391 software tools

• DOE-2 introduced in 1979

– continually improved 
– the ‘gold standard’

Building Energy Modeling

What is it?



Building Energy Modeling

• ‘Baseline’ reflecting a code compliant building 

• Additional models then generated

– HVAC options

– Glazing

– Exterior shading

– Daylighting

• Document both costs and benefits of modified 
energy design

How is it done?

Building Energy Modeling

• Building site data (weather data; orientation; adjacent 

structure shadows, etc.)

• Building envelope data (heat transfer surfaces e.g. 

walls, floors, roofs, windows, window shades & 

overhangs)

• Building operations and scheduling (occupancy, 

thermostat setpoints, daylighting photosensors, 
HVAC schedules)

• Internal loads (e.g. body heat, lights, equipment)

• HVAC equipment & performance

• Utility rates (electric/gas, peak/off-peak)

• Economic parameters (life-cycle costing, interest 

rates)

Typical Inputs:



Weather Data1

Building Energy Modeling
Fundamentals of Building Energy Simulation

Building Energy Modeling

Building Data2

Fundamentals of Building Energy Simulation



Building Energy Modeling

Systems Data3

Fundamentals of Building Energy Simulation

Building Energy Modeling

Plant Data4

Fundamentals of Building Energy Simulation



Building Energy Modeling

Economic Data5

Fundamentals of Building Energy Simulation

Typical Outputs:

• Summary of annual projected utility costs and savings

• Performance graphs (e.g., monthly energy use for gas 
and electric, monthly facility peak kW, etc.) in 
comparison to the baseline

• Input parameter information (e.g., internal load 
specifications, building envelope characteristics, 
HVAC system definitions, etc.) 

• Assumptions of building characteristics (e.g., 
schedules, HVAC set points, etc.) 

• Notations of changes from previous models (e.g., 
changes made between baseline and modeling 
iterations)

• Interpretation of results

• Software input and output files (electronic)

Building Energy Modeling



Building Energy Modeling

Detailed eQUEST/DOE-2 (SIM) Reports

Building Energy Modeling



Building Energy Modeling

Detailed eQUEST/DOE-2 (SIM) Reports (contd.)

eQUEST Modeling Software Structure

• eQuest contains multiple user interfaces (3) that 
correspond to the design process

– Schematic Design wizard
– Design Development wizard

– Detailed Interface

• All of these interfaces produce an input text file 
containing Building Description Language (BDL)

– DOE2.2 uses this file for the building energy 
calculations

– You can work directly in the BDL file (“fourth” user 
interface)

– BDL is located in 
eQuest/project/projectname/projectname.inp  (“the inp 
file”)

Building Energy Modeling



eQUEST User Interfaces & Workflow

• Schematic design wizard good for preliminary analyses. 
Has default values and built-in workflow. Limitation: can 
only create one building shell

• Design Development wizard can create multiple shells 
for a single building. Also has default values and built-in 
workflow.

• Detailed Interface allows for greatest flexibility and while 
it has default values, there is no workflow. 

NOTE:

A ‘shell’ is any area of a building that shares the same or a 
similar footprint, HVAC zoning, ceiling height, envelope 
construction type or HVAC services.

Building Energy Modeling

Important eQuest Rule

• Once you’ve used a user interface to make a change 

in the model, you cannot return to a more simple user 
interface without over-writing those changes, e.g. 

going from Schematic wizard to Design Development 

wizard and back.

• In other words, you can go from a simple to more 

complex interface, but not backwards without losing 
changes.

Building Energy Modeling



Building Energy Modeling
eQUEST Model Input Data Collection

Building Energy Modeling
eQUEST Model Input Data Collection (contd.)



Using DWG files with eQUEST

• DWG files can be imported into eQUEST for 

purposes of tracing floor plans and zones

• Individual floors can be imported and/or floor mirror 

multipliers can be used

• Scaling must be carefully maintained

• Possible to resize after importation, but risky!

Building Energy Modeling

Building Energy Modeling

Energy Modeling Prologue

• Energy modeling is complex and difficult

• Energy modeling generates an estimate

• Energy modeling is more of an art than science

• Energy modeling success depends upon the 

modeler’s judgment, i.e. garbage in, garbage out/ 

Hint: EPAs Target Finder can be your friend

• If you’re not an HVAC design engineer, you’ll be 

okay but you can get into deep water real fast (seek 

out expertise!)



• Find the eQUEST Introductory Tutorial included in your 

eQUEST version 3.64 install at ~\My 
Documents\eQUEST 3-64 Data\Tutorials\All\Introductory 

Tutorial

• Go to page 29 to start exercise

• Skip Importing DWG Files for Custom Footprints. We 

will do this in the next exercise.

Building Energy Modeling

eQUEST Schematic Design Wizard Exercise

eQUEST Design Development Wizard Exercise

• Download the eQUEST Training Workbook and 
Examples at 
http://doe2.com/download/equest/eQuestTrainin

gWorkbook.pdf and 
http://doe2.com/download/equest/eQuestTrainin
gWorkbook_Examples.zip

• Go to page 191

Building Energy Modeling



Complying with ASHRAE 
90.1 Appendix G for LEED

day two

ASHRAE 90.1-2007

Appendix G – Performance Rating Method

How to comply with LEED Energy & Atmosphere 

when using eQUEST to satisfy:

• Prerequisite 2 Option 1 - Minimum Energy 

Performance (required, no points)

• Credit 1 – Optimize Energy Performance (1-19 

points)

Complying With ASHRAE Appendix G for LEED



Complying With ASHRAE Appendix G for LEED
ASHRAE 90.1-2007 Appendix G

ASHRAE / IESNA 90.1-2007
Energy standard for buildings EXCEPT low-rise residential

Purpose
•Establishes minimum requirements for energy-efficient design of 

buildings, EXCEPT low-rise residential buildings.

•Does NOT apply to single-family houses, multi-family structures of 

3 or fewer levels above grade,  manufactured houses (mobile & 

modular homes) or buildings that do not use either electricity or 

fossil fuel.

Performance Rating Method (Appendix G)

Provides a method for demonstrating performance beyond ASHRAE / 

IESNA 90.1-2007 standards. 

In all cases, the mandatory provisions must still be met!

Complying With ASHRAE Appendix G for LEED

What are we calculating?

Annual energy cost of BASELINE & PROPOSED building for 

comparison

Proposed building should meet all Mandatory Provisions!!

In order to compare (baseline vs proposed),

• Use same computer simulation programs

• Use same climate data

• Use same purchased energy rates

• Use same schedules of operation (except for energy 

efficiency features)

ASHRAE 90.1-2007 Appendix G



What to model?

Major Components of ASHRAE 90.1-2007

• Building Envelope

• Heating, Ventilating and Air Conditioning

• Service Water Heating

• Power

• Lighting

• Other Equipment

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Complying With Requirements

What to model?

Baseline & Proposed Models: Components

• Building Envelope

• Building Orientation

• Space Use Classification

• Schedule of Operation

• Occupancy

• Zoning & Thermal Blocks

• Lighting Systems

• HVAC Systems

• Process Energy

• Service Hot Water Systems

• Energy Rates 

ASHRAE 90.1-2007 Appendix G



Building Envelope
Baseline Proposed

Un-insulated assemblies (Less than 5% need not be modeled)

Surface angles (orientation & tilt)

ExceptionsASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

ASHRAE 90.1-2007 Appendix G

Proposed

Exterior roof surfaces may be modeled with reflectance 0.45 if the 

reflectance of the proposed design roof is greater than 0.70 and its 

emittance is greater than 0.75. All other roof surfaces will be modeled 

with a reflectance of 0.30.

Manually operated shading devices such as blinds and shades will not

be modeled.

Automatically controlled fenestration shades or blinds may be 

modeled, however permanent shading devices such as fins, overhangs, 

and light shelves may be modeled.

Building Envelope

Complying With ASHRAE Appendix G for LEED



Building Envelope
Non Residential Residential Semi Heated

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Building Envelope
Non Residential Residential Semi Heated

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Building Envelope

Non Residential Residential Semi Heated

Skylight area equal to proposed or 5% of gross roof area (whichever is smaller).

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Building Envelope
Baseline Proposed

Maximum 40%

(distributed on each face)

FenestrationASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Building Envelope
Baseline Proposed

As-Is (designed) Baseline

Shading ProjectionsASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Orientation

0d Rotation

(Actual Orientation)

90d Rotation…….

180d Rotation…….

270d Rotation…….

Baseline Proposed

AVERAGE RESULTS

No Self Shading for base building!

RotationsASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Space Use Classification
COOLING ?

> 5btu/hr.sft

YES? No?

HEATING ?

> 3.4btu/hr.sft

No? Yes?

Per Table 1.3?

90.1-2007

Yes? No?

Space Adjacent 

to Conditioned?

Yes? No?

Unconditioned
Indirectly

Conditioned
Conditioned Semi-Heated

NR R NR R

ASHRAE 90.1 Space

Classification

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Schedule of Operation
Baseline Proposed

Schedules should be capable of modeling,

Occupancy

Lighting Power

Misc Equipment Power

Thermostat Setpoints

HVAC System Operation

Use accurate schedule (from client)

Alternatively, use California Nonresidential ACM Approval 

Manual

Operating HoursASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Schedule of Operation
Baseline Proposed

For proposed, NON-STANDARD Schedules possible,

Lighting Controls

Natural Ventilation

Demand Control Ventilation

Etc…

But, need to provide extensive documentation!!!

Operating HoursASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

California Nonresidential Alternative Calculation Method (ACM) Manual

Schedule of Operation
OccupancyASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



California Nonresidential Alternative Calculation Method (ACM) Manual

Schedule of Operation
OccupancyASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

California Nonresidential Alternative Calculation Method (ACM) Manual

Schedule of Operation
OccupancyASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Baseline Proposed

Use occupancy information from 

project information

Use actual occupancy 

information (from client)

Use ASHRAE 90.1-2007 Table 

G-B

(Still not available? then try 

California Title 24 / California 

Nonresidential ACM Approval 

Manual; Table N2-2 & N2-3: 

Occupancy Assumptions)

OccupancyASHRAE 90.1-2007 Appendix G

Same as proposed design.

Complying With ASHRAE Appendix G for LEED

OccupancyASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



OccupancyASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Thermal Block
Thermal Zoning

HVAC Zone
Already designed (physically determined by HVAC system)

Thermal Block
Similar loads, systems � combined into a single block for 

modeling purposes

HVAC zones to Thermal Blocks (Conditions; all should be 
met)

1. Same space use classification (load 

& schedule)

2. For exterior, glazing should be in 

same orientation (within 45 deg)

3. All HVAC zones in a thermal block 

must be served by same HVAC system 

or same kind of HVAC system

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Converting HVAC zones to Thermal Blocks 
(Conditions; all should be met)

1. Same space use classification (load & 

schedule)

2. For exterior, glazing should be in same 

orientation (within 45 deg)

3. All HVAC zones in a thermal block must 

be served by same HVAC system or 

same kind of HVAC system

Thermal Block

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Lighting Systems
Baseline Proposed

Building Area Method
Space by Space Method

Interior Lighting Power

Allowance Calculation

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Lighting Systems
Interior Lighting Power

Allowance Calculation

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Lighting Systems
Baseline Proposed

Interior Lighting Power

Automatic Lighting Controls

Passive (IR) Detectors

Beam Detectors

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Lighting Systems

Interior Lighting Power

Automatic Lighting Controls

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems

Baseline Proposed

Cooling & Heating 

System

If no cooling system 
is specified in 
proposed, include 
similar to baseline

If no heating system 
is specified in 
proposed, include 
electric heating

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems

Baseline Proposed

HVAC System Type

Based on building 
type (usage), area & 
heating fuel source

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
HVAC System Type

PTAC – Packaged Terminal A/C

PTHP – Packaged Terminal Heat Pump

PSZ-AC – Packaged Single Zone A/C

PSZ-HP – Packaged Terminal Heat Pump

VAV – Variable Air Volume

PFP – Parallel Fan Powered 

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems
HVAC System TypeASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
HVAC System Type

(Combined Chart)

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems
HVAC System Type

Thermal Blocks

For systems 1,2,3 & 4
Each Thermal Block shall 

be modeled with its own 

HVAC system

For systems 5,6,7 & 8
Each floor shall be modeled 

with a separate HVAC 

system.

Floor with identical 
thermal blocks can be 
grouped together.

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
Baseline Proposed

Oversize Ratios
Heating 25%

Cooling 15%

Unmet Hours
Total 300 hrs

Difference 50 hrs

Outdoor Ventilation 
Rates
Same (Prop & Baseline)

Minimum Ventilation
Per ASHRAE 62.1-2007

(People, area, space type)

HVAC System Type

Unmet Hours

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems
Baseline Proposed

HVAC FansASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
Baseline Proposed

Fan System Operation

Supply & return fans � Operate continuously 

whenever spaces are OCCUPIED, and shall be 

cycled to meet heating & cooling loads during 

UN-OCCUPIED hours.

Supply, return and/or 
exhaust fans will 
remain ON (at all 
times) in spaces that 
have health & safety 
mandated min 
ventilation.

HVAC FansASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems
Baseline Proposed

Design Airflow Rates for baseline:

Option 1: Supply-air-TO-Room-air temperature 

difference � 20deg F

Option 2: Required Ventilation Air

Option 3: Makeup Air

Whichever is greater!

HVAC FansASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
Baseline Proposed

HVAC FansASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems
Fan Motor Efficiency

“next HP”

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Fan Power Limitation (“A”)
HVAC Systems

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Fan Power Limitation (“A”)
HVAC Systems

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
Baseline Proposed

Exhaust Air Energy Recovery (Mandatory)

5000 CFM (Supply) AND 
=>70% Outdoor Air (Supply)

���� ERV with 50% recovery effectiveness

Economizers &

Energy Recovery

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



HVAC Systems
Baseline Proposed

For Systems 7 & 8,
Electric chillers (baseline)
Table G3.1.3.7 (type & numbers)

Chilled water design
Supply @ 44 degF
Return @ 56 degF

ChillersASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

HVAC Systems
Demand Control 

Ventilation

Ventilation Controls for High Occupancy Areas: 
Demand Control Ventilation (DCV) – modulate the 

amount of outdoor air supplied to a space as a function 

of the number of people present. 

- Standard requires DCV for all ventilation systems 

with design outdoor air capacities >3000 CFM 

serving occupancy density 

> 100 people / 1000 sf

- DCV is activated based on CO2 levels

- CO2 sensors located within occupied zone (or 

return air)

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED



Process Energy

ASHRAE 90.1-2007 Appendix G

Process loads must 
be identical.

Minimum 25% of 
baseline building 
energy cost.

Complying With ASHRAE Appendix G for LEED

Process Energy

ASHRAE 90.1-2007 Appendix G

Table G-B
For EPD (Receptacle 
load)

Complying With ASHRAE Appendix G for LEED



Process Energy

ASHRAE 90.1-2007 Appendix G

Complying With ASHRAE Appendix G for LEED

Service Hot Water System
Baseline Proposed

ASHRAE 90.1-2007 Appendix G

Same energy source.

Performance required 
(baseline) is available 
in 90.1-2007

Complying With ASHRAE Appendix G for LEED



Energy Rates
Baseline Proposed

ASHRAE 90.1-2007 Appendix G

Same rates for both 
baseline & proposed 
building.

Local utility or Energy 
Information 
Administration rates 

Complying With ASHRAE Appendix G for LEED

• Using Building from Design Development 
Wizard Exercise (Completed on Day 1)

– Let model created yesterday be the design 
case or ‘proposed’ building

– Now create a basecase building model to 
comply with ASHRAE Appendix G

– Remember the building is located in 
Seattle, WA

– Don’t forget to do four simulations, i.e. 0, 
90, 180 & 270 degrees

Complying With ASHRAE Appendix G for LEED

LEED EAp2 & EAc1 Requirements Exercise



Complying With ASHRAE Appendix G for LEED

• EA Prerequisite 2: Minimum Energy Performance

• EA Credit 1: Optimize Energy Performance

LEED Forms

LEED Worksheets

• EAp2 Section 1.4 Tables: Comparison of Baseline 

Design Versus Proposed Design

Instructor contact information:

• Christian Stalberg

• Tel. 919-801-0734

• Email: cstalberg@naturalintelligence.us

• Website: http://naturalintelligence.us

Energy Modeling for LEED Using eQUEST


