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Learning Objectives

• Name the key submittal review steps.
• Understand the organization of the Manual and Compliance Form, 

and how to use both as a reference when performing reviews.
• Describe how to identify high priority review checks based on the 

project design and simulation results.
• Describe how to use the Compliance Form and the Manual to 

document the scope and outcome of the review.
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Agenda

1. Introduction (10 Minutes)
2. General Submittal Review Concepts (20 Minutes)
3. Demonstration of Review Process and Checks with Case Study

a. Review Process (25 Minutes)
b. Review Check Demonstrations (45 Minutes)

4. Questions (20 Minutes)
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Training Format

• Power Point Presentation
• Introduction
• General Submittal Review Concepts
• Review Check Demonstrations

• Review Process Demonstration in the Compliance Form

• Questions



ASHRAE Standard 90.1 Compliance Documentation
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ASHRAE Standard 90.1 Performance 
Based Compliance



DOE/PNNL 90.1 Section 11 and Appendix G 
Compliance Form Overview

1. Supports 90.1 2016 and 2019 Section 11 and Appendix G
2. Posted at DOE Building Energy Codes Program website and is called “The 

Compliance Form”
3. Summary of features

• MS Excel format
• provides a format for submitters to meet the reporting requirements of 90.1
• 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
• includes Quality Control Checks tab to facilitate submittal reviews
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Focus of 
this 

training

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


90.1 Section 11 and Appendix G Submittal 
Review Manual Overview

1. Companion to 90.1 Section 11 and Appendix G compliance form
2. Supports ASHRAE 90.1 2016/2019 Section 11 and Appendix G
3. PDF document posted at DOE Building Energy Codes Program 

website
4. Includes the following

• Strategies for prioritizing submittal review
• The list of review checks included in the Quality Control Checks tab of the

Compliance Form
For each check, summarizes the relevant 90.1 requirements and provides review tips including the
specific steps, where to locate the information in the Compliance Form and common mistakes.

• Simulation reports for common BEM tools annotated with tips on performing specific
checks
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https://www.energycodes.gov/ashrae-standard-901-performance-based-compliance-form


Submittal Review Manual User Groups
AHJ and RA 

Administrators
Submittal 
Reviewers Energy Modelers

Recommendations for establishing 
submittal review framework 
• Adopt the Compliance Form
• Establish minimum modeler 

and reviewer qualification 
requirements

• Establish target review rigor
• Decide whether to engaging 

third party reviewers
• Decide whether to accept 

reviews completed by other 
programs

Instructions for performing 
reviews

• Strategies for identifying 
impactful aspects of the 
submittal to help prioritize 
review

• Instructions for performing 
individual review check 
including relevant 90.1 
references, simulation reports 
and common mistakes

Recommendations for Internal 
Quality Control

• At minimum, resolve areas 
flagged in the Quality Control 
Checks tab of the compliance 
form before submitting to 
code official.

• Follow process described for 
submittal reviewers to 
improve initial quality of the 
submittal
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GENERAL SUBMITTAL REVIEW CONCEPTS
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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



Review Process

Step 1: Check 
Submittal for 
Completeness

Step 2: Develop 
General 

Understanding 
of the Project 

Step 3: Establish 
Review Scope

Step 4: Perform 
the Review

Step 5: 
Communicate 

the Review 
Outcome

Compliance Form tabs
• Submittal Checklist

Compliance Form tabs
• Dashboard
• General Information
• Energy Performance 

Summary

Compliance Form tabs
• Quality Controls 

Checks
• Energy Performance 

Summary
Review Manual sections
• Review Methodology
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Compliance Form tabs
• Quality Controls 

Checks
Review Manual sections
• Review Checks
• Simulation Reports

Compliance Form tabs
• Quality Controls 

Checks



Step 1: Check Submittal for Completeness
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90.1



Step 2: Develop General Understanding of the Project
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Step 3: Establish Review Scope - Impactful End Uses

Criteria described in the Review 
Methodology section of the Manual 
• Contribution toward the difference 

in energy use between the 
baseline/budget and proposed 
design. 

• Contribution toward the total 
energy of of the proposed design 
except when trade-offs are not 
allowed

• Contribution toward the total 
energy use of the baseline/budget 
except when trade-offs are not 
allowed

Energy Performance Summary Tab of the Compliance Form



Step 3 (continued): Impactful Systems and 
Components and Their Characteristics

Review Methodology section of the Manual 

Helps identify systems and components 
associated with the impactful end uses 

Performance characteristics and operating 
conditions that drive their energy use

Quality Control Checks Tab of the Compliance Form
• Some of the checks are pre-set to be included in review 

based on the methodology described in the Review 
Manual 



Step 4: Perform Review – Review Checks 
Nomenclature

• Simulation General (SG)
• Utility Rates (UR)
• Building Envelope (BE)
• Interior Lighting (LI)
• Exterior Lighting (LE)
• Plug, Process and Other Loads (PPO)
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• Each check has CheckID expressed using the abbreviated check category and number 
• Checks may be also designated as applying to baseline/budget (B) or proposed (P) 

design.

Example: BE08-P is check #8 related to building envelope (BE) for the proposed design (P).

• Review Checks are organized in the following categories:

• Service Water Heating (SWH)
• Air-Side HVAC Systems (AHVAC)
• Water-Side HVAC Systems (WHVAC)
• Renewable Energy (RE)
• Exceptional Calculations (EC)



Step 4 (continued): Types of Checks
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TYPES of CHECKS PROPOSED DESIGN BASELINE/BUDGET 
DESIGN

1. General requirements 90.1 Section 11/App G Always
2. Specified systems reported in the Compliance Form reflect 
design document Always, based on sampling NA

3. Specified systems meets mandatory requirements Always, based on sampling NA

4. Budget/baseline systems reported in the Compliance Form 
meet 90.1 Section 11/Appendix G NA Only for impactful systems, based 

on sampling

5. Simulation inputs reflect systems and components 
reported in the Compliance Form

Only for impactful systems, based 
on sampling

Only for impactful systems, based 
on sampling

6. Simulation outputs are consistent with systems and 
components reported in the Compliance Form Only for impactful systems, based 

on sampling
Only for impactful systems, based 

on sampling

7. Modeled end uses are consistent with benchmark Always Always 

Consistency with the benchmark is always checked for the total site energy use intensity (EUI) and the following end uses: interior lighting, miscellaneous and 
process equipment, space heating, space cooling, ventilation fans, heat rejections, service water heating and elevators. 



Step 4 (continued): Sampling Strategies

• Review Checks section of the Review 
Manual provides recommendations for the 
sampling strategies for each category of 
checks

• Interior Lighting example:
 For checks that verify the specified fixture 

wattages, focus on fixtures that account for the 
largest total wattage on the project and spot-
check the rest.

 For checks that verify the specified fixture 
counts, focus on space types that account for 
the largest total wattage and spot-check the 
rest.

 For checks that verify that the lighting wattage is 
modeled as reported, check the thermal blocks 
that account for the highest wattage. 

• Helper tables on the Quality Control Checks tab of 
the Compliance Form summarizes project 
information to facilitate sampling

• Interior Lighting example: space types, thermal 
blocks and fixture types used on the project 
ranked by wattage



Step 4 (continued): Compliance Form Quality 
Control Checks Tab Automation Features
• Certain checks are set to “Yes” by default based on the prioritization logic described in the Review Manual
• Pass/Fail outcome is automatically established for certain checks based on the information available in the 

Compliance Form.
• For check that are automatically set to FAIL, default review comment is populated and may be edited
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1. Check ID and Title
2. Descriptions of the relevant sections of 90.1 for 2016 and 201990.1 20169 Section
3. Review Tips

• Point to where to find the relevant information in the Compliance Form or design 
documents 

• Provide recommendations to review in cases where 90.1 allows AHJ/RA approve 
projects deviating from general rules  

• Discusses common mistakes
4. List of the applicable simulation reports

Step 4 (continued): Review Check Organization in 
the Review Manual
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Step 4 (continued): Simulation Reports Section 
of Review Manual

21

Annotated simulation reports for the following tools:
• Carrier HAP v5
• DesignBuilder
• EnergyPlus
• eQUEST
• OpenStudio
• Trane TRACE 700
• Trane 3D Plus



Step 5: Communicate the Review Outcome

• Reviewer comments and submitter responses are entered in the Compliance Form on the Quality Control 
Checks tab for each review iteration.



DEMONSTRATION OF REVIEW PROCESS

23



REVIEW CHECK DEMONSTRATIONS



Case Study
General
• New mixed-use multifamily building located in New 

York, NY, climate zone 4A.
• Floors 4-13 are multifamily with 80 apartments and 

floors 1-3 consist of retail.
• Fully designed. 
HVAC
• Dwelling units: 4-pipe fan coil units served by 

condensing boiler and air-cooled chiller systems. 
• Exhaust and makeup air: direct outdoor air system (DOAS).

• Corridor and retail areas: constant volume, gas-fired 
with DX cooling package units. 

Lighting
• LED in all areas.



SIMULATION GENERAL
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SG07 The number of unmet load hours reported in the Compliance Form 
does not exceed the prescribed limits

Review Tips (from Review Checks section of the Review Manual)

1. Unmet load hours (UMLH) are reported in Table 1 on the Compliance Calculations tab of the Compliance Form. 

2. Unmet load hour indicate that even though the two models have the same thermostat setpoints, the actual 
space temperatures in the proposed design were lower during the heating season and/or higher during the cooling 
season. This will reduce energy use of the proposed design, which is not an allowed trade-off. 



SG07 The number of unmet load hours reported in the Compliance Form 
does not exceed the prescribed limits

Pass/Fail auto-populated based on information 
available in the Compliance Calculations tab of 
the Compliance Tag.
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Review Tips (from Review Checks section of the Review Manual)
Extenuating circumstances for considering acceptance:
1. Only exceed limit by small margin, 315 versus 300.
2. Floor area with unmet low hours is low. For example, unmet load hours are in a 100 ft2 storage room.
3. How far the indoor temperature drops or rises out of the acceptable range.
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SG11-P Modeled interior lighting energy use of the proposed design is 
generally consistent with the selected benchmark, with the difference less 
than set threshold

Review Tips (from Review Checks section of the Review Manual)

1. If the default values in Table 6 of the Energy Performance Summary tab, the “Acceptable Difference Before QC 
Flag” columns, the “Interior Lighting” row are overwritten, confirm that the entered values are justified. 

2. Question results if the difference between the modeled interior lighting EUI and the benchmark EUI is outside the 
limits set in the last two columns of Table 6 on the Energy Performance Summary tab. 

3. Common mistakes

• Lighting wattage too high/low
• Lighting runtime hours are too high/low
• Savings from occupancy sensors and daylighting are too high/low



SG11-P Continued
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BUILDING ENVELOPE
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BE01-P, Thermal properties of the above-grade walls in the proposed design are 
established correctly.

Review Tips (from Review Checks section of the Review Manual)
1. Locate constructions selected for the review in the design documents based on the reference provided for that 

construction in the Plans/Specs column of Table 1 in the Proposed Envelope Assemblies tab of the Compliance 
form. 
• Focus the review on constructions that account for the highest wall area, as shown in the table in the 

Building Envelope (BE) section of the Quality Control Check tab.
2. Verify the following:

• Descriptions of the construction provided in the table reflects design documents. 
• The values reported in “Modeled U/C/F-factor Including Int. and Ext. Air Film” are established correctly.
• Any uninsulated assembles such as projecting balconies, perimeter edges of intermediate floor stabs,  

concrete floor beams over parking garages and roof parapets are captured correctly.
3. Common Mistakes

• The overall assembly U-value is established without accounting for thermal bridging, as required by 90.1 
Section 5.5.3
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BE01-P, Thermal properties of the above-grade walls in the proposed design are 
established correctly.

33



BE01-P, Continued

The proposed design thermal 
properties were not established 

correctly as the reported 
modeled U-value is substantially 
less than the value determined 

automatically in the Compliance 
Form using Appendix A table 

lookups in Table 1 on the 
Proposed Envelope Assemblies 

tab
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1. Use simulation reports to verify that modeled U-factors and areas of the exterior walls reflect the values reported 
in the Compliance Form. The reported values for the baseline/budget are located in Table 1 on the Envelope 
Areas tab.

2. Focus on constructions that account for the largest above grade wall area based on the table in the Building 
Envelope section of the Quality Control Checks tab.

3. Building Energy Modeling Tool Output Reports

BE06-B - Modeled U-factors and areas of the above-grade walls in the baseline design 
are as reported in the Compliance Form.
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Review Tips (from Review Checks section of the Review Manual)



BE06-B - Modeled U-factors and areas of the above-grade walls in the baseline design 
are as reported in the CF.
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0.124

0.124

0.124

U-values are ~=.

Small deviations 
(up to 3%) may 

be due to 
accounting for 

exterior air films. 
In 90.1 the 

prescriptive U-
factors in Section 

5 are captured 
using fixed R-

values; in 
simulation tools 

they may be 
determined 
dynamically 

based on hourly 
weather 

conditions. 





BE06-B Cont’d

North = 3,606 + 2,498 = 6,104 ft2

37

Wall areas are 
equal.

6,104 ft2 = 6,104 ft2

6104.00





INTERIOR LIGHTING
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LI02-P Proposed lighting power reported in the Compliance Form reflects design 
documents for spaces where lighting is fully specified

1. Refer to the table in the Interior Lighting section on the Quality Control Tab to identify lighting fixtures with the 
highest total wattage and space types that account for the greatest total lighting wattage. 

2. Locate selected fixture make and model #s on the lighting schedule drawings and verify that the manufacturer 
maximum rated wattage reported for the fixtures in Table 1 of the Interior Lighting Counts tab is aligned with the 
manufacturer’s maximum rated fixture wattage shown on the cutsheets. 

3. Locate several high wattage spaces on the Interior Lighting Counts tab. Refer to the lighting plans to confirm that 
fixture types and counts for these spaces reported in the Compliance Form match design documents.

4. Common Mistakes
• Fixture wattage is not based on a complete fixture including lamp and ballast and does not reflect 

manufacturer rated fixture wattage.
• Track lighting is not calculated according to the allowed methods as described in 90.1 Section 9.1.4.
• Proposed LPDs are based on partially specified or temporary lighting. For example, in hotel guest rooms the 

hardwired fixtures shown on drawings are typically supplemented by plug-in floor and table lamps. 
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Review Tips (from Review Checks section of the Review Manual)



IL02-P Continued
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IL02-P Continued
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IL02-P Continued
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Wattage in the Compliance Form matches the 
maximum fixture wattage.





IL02-P Continued
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IL02-P Proposed Lighting Power Density (LPD) in the Compliance Form 
reflects design documents for spaces where lighting is fully specified.
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IL02-P Continued



IL02-P Continued

Corridor Fixture Counts
Quantity: 10, C2 fixtures

Quantity: 6, C2 EM fixtures
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1. Table 1 of the Interior Lighting Counts tab lists the mandatory lighting control requirements for each space 
depending on the space type and based upon the inputs in the Compliance Form flags if mandatory control 
requirements are not met.

2. This check is performed automatically in the Compliance Form. 
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LI05-P Specified lighting controls meet mandatory requirements in 90.1 Section 9

Review Tips (from Review Checks section of the Review Manual)



IL05-P, Specified lighting controls meet 90.1 mandatory requirements.
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IL10-B Modeled interior lighting runtime hours of the baseline design are realistic.

1. This check is automatically performed in the Compliance Form.

2. Effective Full Load Hours (EFLH) is equal to the sum of the hourly schedule fractions a year. 

EFLH = LEU / TLW 

LEU  = simulated annual lighting energy use [kWh]

TLW = total lighting wattage from Table 1 of the Lighting Model Inputs tab [kW]

3.   Typical lighting EFLH for common building types without accounting for controls are included in Appendix A in the 
Review Manual. 

4.   EFLH in the Appendix G baseline do not exceed typical provided in Appendix A by more than 20%.
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Review Tips (from Review Checks section of the Review Manual)



IL10-B Modeled interior lighting runtime hours of the baseline design are realistic.
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EFLH values are within 
20%.



AIR-SIDE HVAC SYSTEMS (AHVAC)
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AHVAC03-B Baseline system types reported in the Compliance Form are established 
correctly.

1. Baseline HVAC system types are reported in Table 1a of the Baseline HVAC App G tab. Spot-check to confirm that 
the baseline systems were established correctly based on the applicable 90.1 rules.  

• The building area and space type square footages in Table 1 on the General Information tab and Table 1 on 
the Interior Lighting Model Inputs tab can be used as a starting point for determining the expected baseline 
system types.

2. Common Mistakes

Appendix G

• Incorrect modeled baseline heating fuel source.
• Modeling dedicated outdoor air system (DOAS) in the baseline on projects with DOAS in the proposed design 

instead of per 90.1 Section G3.1.1. 
• Not modeling System 5 - 8 as one system per floor.
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Review Tips (from Review Checks section of the Review Manual)



AHVAC03-B Baseline system types reported in the Compliance Form are 
established correctly.

Based upon the square footages and # of floors entered 
in Table 1 on the General Information tab and the 
square footages and space types shown in Table 1 on the 
Interior Lighting Model Inputs tab and the climate zone, 
it is expected that at least System 1-PTAC and System 3-
PSZ AC would be included in the baseline model. It is also 
very likely that System 9 – Heating and ventilation would 
also be included as stairwells and storage rooms are 
often heated-only spaces.
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AHVAC03-B Continued

Based upon Table 1a inputs on the 
Baseline HVAC Appendix G tab and 
confirmation that the stairs are 
heated only spaces on the Proposed 
HVAC tab it appears that the baseline 
HVAC system types were established 
correctly.
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1. Heating and cooling types and capacities of the air-side HVAC systems are reported in Table 1a of the Proposed 
HVAC tab. Cross-check the provided information with the design documents for a sample of systems to confirm 
alignment. 

• Sample of systems can be determined based upon the rankings in Table 1 in the AHVAC section on the Quality 
Control Checks tab.
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AHVAC07-P Reported air-side HVAC systems cooling and heating efficiencies reflect 
design documents.

Review Tips (from Review Checks section of the Review Manual)



AHVAC07-P Reported air-side HVAC systems cooling and heating efficiencies 
reflect design documents.
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AHVAC07-P Continued

57

Efficiencies are in 
alignment between 

the Compliance Form 
and design 
documents.





Michael Rosenberg (PNNL) Michael.Rosenberg@pnnl.gov
Maria Karpman (Karpman Consulting) maria.karpman@karpmanconsulting.net
Christina LaPerle (Karpman Consulting) christina@karpmanconsulting.net
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QUESTIONS
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