
Performance Based Compliance 
Documentation for ASHRAE Standard 

90.1 Section 11 and Appendix G

www.karpmanconsulting.net

Christina LaPerle PE, BEMP, CEM, CBCP
Maria Karpman BEMP, LEED AP, CEM



Learning Objectives

• Understand the reporting requirements of ASHRAE Standard 90.1 
Section 11 and Appendix G

• Understand the documentation that must be submitted to code 
officials for performance-based projects.  

• Understand how to fill out the Compliance Form
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Agenda
1. ASHRAE 90.1 Reporting Requirements (10 Minutes)
2. General Compliance Form Features and Tab Layout (5 Minutes)
3. Compliance Form Demonstrations

a. Basic Information and Informative Tabs (10 Minutes)
i. Instructions
ii. Dashboard
iii. Contact Information
iv. General Information
v. Energy Sources

b. Selected Component Tabs (60 Minutes)
i. Lighting
ii. Envelope 
iii. Air-Side HVAC 

c.  Selected Simulation Results Tabs (10 Minutes)
i. Simulation Outputs 
ii. Compliance Calculations 
iii. Submittal Checklist

4. Questions (20 Minutes)
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Training Format

There are two interwoven parts of the training:

• Power Point Presentation

• Compliance Form Demonstration

• The focus of the training is on 90.1 Appendix G, however similar 
principles and logic applies to Section 11.

Design 
Documents

Reporting 
Requirements

Compliance 
Form Inputs



ASHRAE Standard 90.1 Compliance Documentation
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ASHRAE Standard 90.1 Performance 
Based Compliance Form



1. Supports ASHRAE 90.1 2016/2019 Section 11 and Appendix G
2. Posted at DOE Building Energy Codes Program website
3. DOE intends to fund maintenance and development of the customized versions to support 

modifications adopted by the states (similar to COMCheck) and certain rating authorities
4. Summary of current features

• MS Excel format
• helps establish the necessary modeling inputs using built-in code look-ups and calculators 
• allows importing simulation results from BEM tools including DesignBuilder, EnergyPlus, eQUEST, Trane TRACE 3D 

Plus, Trane TRACE 700, and OpenStudio
• automates compliance calculations

5. Planned enhancements
• Integrated QC checks
• Expanded data import (e.g. from BEM tools or custom modeler tools) and export (e.g. to program administrators’ 

databases)
• Compliance reports (for printing on drawings) and inspection reports
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DOE/PNNL Compliance Form Overview

https://www.energycodes.gov/ashrae-standard-901-performance-based-compliance-form


90.1 Documentation Requirements
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Section 11
11.7.2 Permit Application 
Documentation

Appendix G
G1.3.2 Application Documentation

Documentation that must be 
submitted to code officials or the 
rating authority is prescribed in the 
Standard



General Concept  of Performance-based Compliance

Proposed Design Baseline/Budget Design
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• Developed following the rules of 90.1 Section 11 or Appendix G
• Same simulation tool, weather file and utility rates



Key Reporting Requirements of 90.1 Appendix G
• Features that differ between the baseline and proposed design models
• Aspects of the proposed design that improve over or are less efficient than 90.1 

prescriptive requirements
• A list showing compliance of the proposed design with 90.1 mandatory provisions
• A summary by end use of the energy cost savings of the proposed design relative 

to the baseline.
• Input and output reports from the simulation program showing a breakdown of 

energy by end use and the amount of unmet load hours for the baseline and 
proposed design

• Backup calculations and material to support data inputs

*Information not used in the energy simulation
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Modeling Tool Compliance 
Documentation

Supporting
Calculations

Current Documentation Process
Design Documents

Modeling Tool
Compliance Form

Design Documents

Streamlined Process using the Compliance Form



Documentation Process Using Compliance Form

Enter parameters 
of the proposed 
design into the 
Compliance Form 

• Calculates simulation 
inputs for proposed 
design model

• Auto-populates 
simulation inputs for 
baseline model

• Auto-populates 
prescriptive 
requirements to 
support reporting

BEM ToolDesign Documents Compliance Form

• Transfer model inputs for 
the proposed design and 
the baseline into BEM 
tool

• Import simulation results 
from BEM tool into the 
Compliance Form
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Compliance Form Organization
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GENERAL FEATURES AND LAYOUT
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Basic Structure

• Informative tabs, design team/modeler input tabs related to the 
baseline/budget models, tabs with simulation tool outputs and 
results, and the submittal checklist.
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Default Formula Bar and Headings not Shown
• The Compliance Form default setting is to hide the formula bar and 

the headings. The headings refer to the column (A, B, C, etc.) and row 
(1, 2, 3, etc.) labels. The screenshot below shows the default 
configuration.
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Help Text
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Default Tab Layout

17



Dashboard



Basic Structure – Compliance Form Demo
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LIGHTING
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Design Documents BEM Tool Inputs
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DESIGN DOCUMENTS BEM TOOL INPUTS
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DESIGN DOCUMENTS BEM TOOL INPUTS
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Lighting Plans Lighting Schedules• Lighting schedules with wattages for each 
lighting fixture based on the SPECIFIED bulb + 
ballast.

• Lighting plans showing lighting fixtures and 
lighting controls in each SPACE.

• Specifications with lighting control sequences.

Proposed Design Model
• Lighting wattage and schedule 

adjustment credits for each 
HVAC zone based on the 
MAXIMUM rated wattage of 
specified lighting fixtures.

Design Documents BEM Tool Inputs

Baseline Design Model
• Lighting wattage and schedule 

for each HVAC ZONE based on 
the 90.1 lighting power and 
control allowances and floor 
area of different types of 
spaces within this zone. 



Reporting Requirements

*Not a simulation input

90.1 G1.3 Documentation Requirements Compliance Form
a. …the key energy efficiency improvements compared with the 
requirements in Sections 5 through 10….
c. … all energy features that differ between the models used in 
the baseline building performance and proposed building 
performance calculations.
e. A list identifying those aspects of the proposed design that are 
less stringent than the requirements of 5.5, 6.5, 7.5,9.5, and 9.6 
(prescriptive provisions).

Proposed design lighting power
Baseline design lighting power
Prescriptive 90.1 lighting allowances

d. A list showing compliance for the proposed design with all the 
requirements of Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4 
(mandatory provisions).

Lighting controls specified in the proposed design 
alongside the mandatory lighting control 
requirements

k. Backup calculations and material to support data inputs…

Proposed design: fixture counts, wattages and 
controls in each HVAC zone to document 
modeled LPDs and schedule credits
Baseline design: floor area by space type within 
each modeled HVAC zone to document modeled 
LPDs 
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Lighting Example – HVAC Zones

In this example, 
there are two 

different spaces 
and space types 

that make up this 
HVAC zone.

• Project Storage 
101G

• Metal Shop 
101F

In the model 
these two spaces 
comprise thermal 
zone called “IC1 
Core Spc (G.C4)”

Prior to entering lighting information in the Compliance Form the building geometry and thermal zoning needs to 
be created in the BEM tool so that the modeled names of the HVAC zones associated with each space are known.

Red line = HVAC zone boundary.

471 sf
295 sf

24IC1 Core Spc (G.C4)



Lighting Example – Lighting Power Density, 101G
Lighting Schedules

Fixture Specifications
Lighting Plans

Maximum Fixture B1 Wattage Confirmed = 43.2

Qty B1 = 6
Space ft2 = 

471
471 sf
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Lighting Example – Lighting Controls

Lighting Plans Lighting Symbols

Space 101G is controlled with a vacancy sensor control switch. 

Project Specifications

471 sf
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Lighting Example – Lighting Controls

Space G 101G mandatory requirements as defined in 9.4.1.1: 
• Local Control (one or more manual lighting controls in the space that controls all of the lighting in the space)
• Restricted to Manual ON or Restricted to Partial Automatic ON
• Side and Toplighting Automatic Daylight Responsive Controls (Not applicable because no fenestration)
• Automatic Full OFF (automatically shut off within 20 minutes of occupants leaving the space)

Which of these control functions are included in the design for the space?

  N/A N/A N/A
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Lighting Example – Compliance Form Demo
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Common Lighting Mistakes
• Choosing the dominate space type associated with the modeled HVAC zone 

and using that space type to determine the baseline LPD.
• Failure to model proposed designed controls especially daylighting. Often 

this is because proposed lighting controls are not completely clear on the 
design drawings.

• Lack of accounting for areas where lighting is unspecified or where the 
design intent is for the hardwired lighting to be supplemented with 
receptacle lighting.

• Not modeling the maximum fixture wattage and failure to include all 
components of the fixture wattage including lamps, ballasts/drivers, 
transformers, and control devices.
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BUILDING ENVELOPE
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Design Documents BEM Tool
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DESIGN DOCUMENTS BEM TOOL INPUTS
Construction Assembly 

Schedules
Modeled Construction 

Thermal Properties

Window & Door 
Schedules

Elevations

Modeled Window & Door 
Thermal Properties

Modeled Areas & Locations



Design Documents BEM Tool
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DESIGN DOCUMENTS BEM TOOL INPUTS
Construction Assembly 

Schedules
Modeled Constructions

Window & Door 
Schedules

Elevations

Modeled Window & Doors

Modeled Areas & Locations

• Opaque assembly, window, and door 
schedules with thermal properties 
and/or make or model numbers to 
obtain NFRC ratings (if applicable). 

• Elevations showing window and door 
locations and area.

Proposed Design Model
• Thermal properties (U/C/F) of each opaque 

assembly using Appendix A to account for 
framing effects .

• Window and door U-values using NFRC ratings 
for fenestration.

• Opaque assembly and fenestration areas by 
orientation, building area type, and space-
conditioning category.

Baseline Design Model
• Opaque assembly and fenestration thermal 

properties per Tables G3.4-1-8.
• Window to wall ratio per Table G3.1.1-1.
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Reporting Requirements

*Not a simulation input

90.1 G1.3 Documentation Requirements Compliance Form
a. …the key energy efficiency improvements compared with the 
requirements in Sections 5 through 10….
c. … all energy features that differ between the models used in 
the baseline building performance and proposed building 
performance calculations.
e. A list identifying those aspects of the proposed design that are 
less stringent than the requirements of 5.5, 6.5, 7.5,9.5, and 9.6 
(prescriptive provisions).

Proposed design opaque assembly and fenestration 
thermal properties (e.g. U/C/F/SHGC/VT).
Baseline design opaque assembly and fenestration 
thermal properties.
Prescriptive 90.1 opaque assembly and 
fenestration thermal properties

d. A list showing compliance for the proposed design with all the 
requirements of Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4 
(mandatory provisions). Not yet supported. 

k. Backup calculations and material to support data inputs…

Proposed design: U/C/F-values calculated per 
Appendix A and window to wall ratios and areas.
Baseline design: U/C/F-values Tables G3.4-1-8 and 
window to wall ratios and areas.
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Envelope Example – Opaque Assemblies

R-19 cavity insulation and R-8.5 continuous exterior insulation, 
6” Metal studs, 16” o.c.

Exterior Wall Assembly Roof Assembly

R-39 continuous insulation entirely above deck. 
Reflectance 0.55 and emittance 0.75.

METAL DECK

Reflectance: 0.55
Emittance: 0.75

34
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Envelope Example – Areas
East
Wall assembly type A: 8,345 sf
Wall assembly type A slab: 819 sf
Window type 1 area: 2,433 sf

West
Wall assembly type A: 8,492 sf
Wall assembly type A slab: 860 sf
Window type 1 area: 2,417 sf

North
Wall assembly type A: 5,127 sf
Wall assembly type A slab: 865 sf
Window type 1 area: 7,084 sf

South
Wall assembly type A: 10,688 sf
Wall assembly type A slab: 1,095 sf
Window type 1 area: 4,546 sf
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Envelope Example – Compliance Form Demo
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Common Envelope Mistakes
• Modeling the center of glass U-value as opposed to the NFRC assembly U-

value which includes framing.
• Failure to model or account for in the model uninsulated slab edges that 

penetrate the wall plane on each floor of the building. 
• Not using Appendix A to account for the effects of framing when 

determining proposed design opaque assembly thermal properties (U/C/F).
• Modeling the same window to wall ratio in the baseline and proposed 

when the baseline window to wall ratio should be determined based upon 
90.1 Table G3.1.1-1 and Table G3.1 #5c.

• Infiltration entered at 75 Pa per 90.1 rather than normal pressure 
conditions. Or at whatever conditions required by the simulation program
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HVAC
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Design Documents BEM Tool
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DESIGN DOCUMENTS BEM TOOL INPUTS
Mechanical Equipment 

Schedules
HVAC System Types, 

Sizing & Zoning
HVAC Controls

HVAC Efficiency & Other 
Parameters

HVAC Plans (Piping, ductwork, etc.)

Riser Diagrams



Design Documents BEM Tool
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DESIGN DOCUMENTS BEM TOOL INPUTS
Mechanical Equipment 

Schedules
HVAC System Types & 

Zoning
HVAC Controls

HVAC Efficiency & Other 
Parameters

HVAC Plans (Piping, ductwork, etc.)

Riser Diagrams• HVAC equipment schedules with 
capacities, efficiencies, components 
(e.g. CO2 sensors), control sequences, 
and make/model numbers.

• HVAC ducting and piping plans and riser 
diagrams to determine HVAC zoning and 
the heating, cooling capacities and air 
flows cfm (SA, OA, RA, etc.) associated 
with each HVAC zone.

Proposed Design Model
• HVAC zoning.
• HVAC equipment type, capacity, efficiency, 

fan power, pumping power, and control 
sequences associated with each thermal 
zone.

Baseline Design Model
• HVAC zoning – same as proposed.
• HVAC equipment type, capacity, efficiency, 

fan power, pumping power, and control 
sequences per Section G3.



Reporting Requirements

*Not a simulation input

90.1 G1.3 Documentation Requirements Compliance Form
a. …the key energy efficiency improvements compared with the 
requirements in Sections 5 through 10….
c. … all energy features that differ between the models used in 
the baseline building performance and proposed building 
performance calculations.
e. A list identifying those aspects of the proposed design that are 
less stringent than the requirements of 5.5, 6.5, 7.5,9.5, and 9.6 
(prescriptive provisions).

Proposed design equipment types, capacities, 
efficiencies, and control sequences .
Baseline design equipment types, capacities, 
efficiencies, and control sequences per Section G3.
Prescriptive 90.1 control requirements

d. A list showing compliance for the proposed design with all the 
requirements of Sections 5.4, 6.4, 7.4, 8.4, 9.4, and 10.4 
(mandatory provisions).

HVAC controls and efficiencies alongside minimum 
efficiency and control requirements. 

k. Backup calculations and material to support data inputs…
Proposed design: Fan power, pumping power.
Baseline design: Fan power, pumping power, 
efficiency, controls, number of systems and plants.
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HVAC Example

OFFICE 1
OFFICE 2

42



HVAC Example – Compliance Form Demo
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Common HVAC Mistakes
• Modeling the incorrect baseline system types due to incorrect 

application of G3.1.1 a through h.
• Failure to remove fan power from baseline and proposed HVAC 

efficiencies (where applicable).
• Modeling the same HVAC controls in the baseline and proposed (e.g. 

economizers, energy recovery, etc.) instead of following the rules of 
Section G3.

• Modeling different OA cfm rates in the baseline and proposed models 
when no exceptions are applicable. 
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Simulation Outputs and Compliance Calculations
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Reporting Requirements
90.1 G1.3 Documentation Requirements Compliance Form

l. Input and output reports from the simulation program or 
compliance software, including a breakdown of energy use by at 
least the following components: lights, internal equipment loads, 
service water-heating equipment, space-heating equipment, 
space-cooling and heat rejection equipment, fans, and other 
HVAC equipment (such as pumps). The output reports shall also 
show the amount of unmet load hours for both the proposed 
design and baseline building design.

Modelers can paste the standard output reports 
generated by the supported simulation tools into 
the software specific tabs to import simulation 
results for the baseline/budget and proposed 
models. 

f. A table with a summary by end use of the energy cost savings 
in the proposed building performance.

Annual baseline and proposed design heating, 
cooling, lighting, miscellaneous equipment, SWH 
pumping, heat rejection, and ventilation costs.
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Results from <BEM Tool>

• Supported BEM Tools
• DesignBuilder
• EnergyPlus
• eQuest
• Openstudio
• Trace3DPlus
• Trace700

IESVE and HAP in progress.

47



Compliance Calculations
• Compliance outcome is calculated based upon the Results from <BEM 

Tool> tab inputs.
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Output Report and Compliance Calculations –
Compliance Form Demo



SUBMITTAL CHECKLIST
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Submittal Checklist
90.1 G1.3 Documentation Requirements Compliance Form

The Submittal Checklist is designed to ensure that 
submitters provide all documentation as required by 
90.1. 
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Submittal Checklist– Compliance Form Demo
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Michael Rosenberg (PNNL) Michael.Rosenberg@pnnl.gov
Christina LaPerle (Karpman Consulting) christina@karpmanconsulting.net
Maria Karpman (Karpman Consulting) maria.karpman@karpmanconsulting.net
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QUESTIONS
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