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Summary

The90.1Energy Cost Budget and Performance Rating Megahmittal Review Manual (the Manual) is
a comprehensive reference for reviewing modelrased submittals. The Manual is a companion to the
DOE/PNNRO.1 Performancdased Compliance For(@ompliance Forngnd supports 20162019 and
2022editions of ANSI/ASHRAE Standard 90.1. The forms can be downlmmdefihe Manual includes
the following:

a. The review checks to verify that the proposed design reported in the Compliance Form reflects
design documents; that the configuration of the baseline/budget model is established correctly,
that the baseline/budget and proposed design is modeled as redotttgat the simulation is
error-free, and that the compliance outcome is established correctly;

b. The review checks to verify compliance with the mandatory requirements of 90.1 relevant to the
simulation inputs;

c. Examples and common mistakes;
d. Methodologesfor prioritizing the review;
e. Simulation reports for common BEM tools annotated with tips on performing specific checks.

Jurisdiction and rating authdA Sa@in@inistrators charged with establishiagubmittal review framework
for their organizatiorshould refer tathe DOE Energy Codes webdite recommendations for organizing
an effective and efficient submittal reviewprocess including adoption of the DOE/PNNBO0.1
Performancebased Compliance Fotrastablishing the minimum qualification requirements for energy
modelers and submittal reviewerand third partyreviewer Scope of Work template
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Abbreviations and Acronyms

AFUE annual fuel utilization efficiency

AHJ; authority having jurisdiction

AHRIK American Heating and Refrigeration Institute
AHVAQ; air-side HVAC

ANSIK American National Standards Institute
ASHR; air-source heat pump

ASHRAE American Society of Heating, Refrigeratamgl Air-Conditioning Engineers
BBRECG baseline building regulated energy cost
BBUEG baseline building unregulated energy cost
BHP¢ brakehorsepower

CF¢ compliance form

CFMc¢ cubic feet per minute

CHR; combined heat and power

CV¢ constant volume

DCVW¢ demand control ventilation

Ec- combustion efficiency

ECR; Energy Cost Budget Method described in ASHRAE Standard 90.1 Setti60.112016 and 2019
and Section 12 in 90.1 2022

EFLH effective full load hours

Et- thermal efficiency

ER\K energy recovery ventilator

DOAS; dedicated outdoor air system
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HVAQ; Heating, Ventilatiorand Air Conditioning

IEC International Energy Conservation Code

IESNA llluminating Engineering Society of North America
LEc lighting, exterior

LIg lighting, interior

ML ¢ miscellaneous loads

OACc outdoor air

PAC permit applicant

PCI¢ performance cost index

PCltg performance cost index target

PRMc Performance Rating Methodescribedn ASHRAE Standard 90.1 Appendix G
PRM RM; Performance Rating Method Reference Manual
PV¢ photovoltaic panels

SG&¢ Simulation, General

SWHc service water heating

UMLHc unmet load hour

VAV variable air volume

WBP¢ whole building performance

WHVAQ; water-side HVAC

WWR¢ window to wall ratio
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1. Background

The90.1 Energy Cost Budget and Performance Rating MeBubanittal Review Manuathe Manual) is
a comprehensive reference foeviewing modelingbased submittalsThe Manuasupports 20162019
and 2022=ditions ofANSI/ASHRA&andard90.1focusingon theaspectsunique to whole building
performancebased compliance, as illustratedrigurel with the red text andyellow highlighting Some
of the enforcement steps that are the same for prescriptive and performance projects, such as site
inspections and@ommissioningare not addressed.

ANSI/ASHRAE/IESNA 90.1
COMPLIANCE

General andvlandatory
Provisions (Sectionsd10)

Prescriptive and Energy Cost Performance
Performance Requirementg Budget Method Rating Method
(Sections & 10) (Section 11/12) (Appendix G)

Documentation Labeling,
Inspections, Verification and
Commissioning

(Sections 4.2:2.2.5)

*TheEnergy Cost Budget Method is Section 11 in ASHRAE 90.1 2016 and 2019
and Section 12 in ASHRAE 90.1 2022.

Figurel: Scope of the Manual

The Manualsa companion to thé@OE/PNNRO.1 Energy Cost Budget and Performance Rating Method
Compliance Form (the Compliance Fommjchmeets90.1Energy Cost Budget and Performance Rating
Method documentation requirementsThe Compliance Foris a spreadshedbased tookhat isfilled

out by the energy modeler and design teamd submitted along withthe requiredsupporting
documentation to the Authority Having JurisdictiddHJ)r the Rating AuthorityRA)for review. The
review checks described inifManual are incorporated into the Qility ControlCheckgab (QC Tabdf

the Compliance FornThe compliance documentation procdssllustrated inFigure2.

The QC tab allowtbe reviewer to identify the checks to be performed for the project based on the
established high impact areas and the available revaedget andrecorda pass/fail outcome and

comments for each completed check. This Manual inclad#sscription of each check listed in the QC

tab including references to the applicable 90.1 requirements, simulation reports, and common mistakes.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 7



Modeler and design team use ti@mpliance Fornto report parameters of the specified systems :]nd
components (the proposed design).

2

The builtin calculators and code lookups incorporated into @@mpliance Fornmelp establish
simulation inputs for the models that must be developed

g

The modeler enters information into building energy modeling (BEM) tool and performs thq
simulations.

g

The modeler copy and pastes simulation results from the BEM tool intGdnepliance Fornfor the
supported BEM tools or enters the results manually.

\

The modeler reviews Quality Control tab of #iempliance Fornfior any flags and updates the inpufs
in the Compliance Form and/or simulation inputs to resolve the flags or provides explanatiop.

g

Designer of record signs off on the Dashboard tab ofGbmpliance Fornto confirm that the
reported proposed design reflects design documents; modeler signs off that the baseline/budg¢t and
proposed design models are as reported in the Compliance Form.

2

Modeler and design team submit the fillexit Compliance Fornand the supporting documentatior
listed in the Submittal Checklist tab of the Compliance Form to the AHJ or RA for review,

2

The AHJ or RA reviews the submittal following the recommendations included in this Manual afpd uses
the QC tab of th&€€ompliance Fornto communicate review comments to the modeler and desig
team. It may approve the submittal or request changes ansifemittal.

Figure2: Compliance Documentation Process

This Manualincludes the following
a) The review checks to verify that thproposed design reported in the Compliance Form reflects
design documents; that the configuration of the baseline/budget model is established correctly,
that the baseline/budget and proposed design is modeled as reported, thasithalation is
error-free, and that the compliance outcome is established correctly;

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 8



b) Examples and common mistakes;

¢) Methodologiesdependent on AHJ resourcéasr prioritizing the review to focus on the most
impactful areas;

d) Simulation reports for common BEM tools annotated with tips on performing specific checks.

e) Checks to verify compliance with the mandatory requirements of 90.1 relevant to the simulation
inputs.

For jurisdiction and rating authofit S @®inistrators charged with establishiray submittal review
framework for their organizatiorsee theDOE Energy Codes webdiierecommendations for organizing
an effective and efficient submittal review processluding but not limited to théollowing:

9 adoption of theDOE/PNN20.1 Performancéased Compliance Form

9 establishing the minimum qualification requirements for energy modelers and submittal
reviewers

9 and third-party reviewer scope of work template

2. Organization of theManual
TheSubmittal Review Quick Std8ection 3describes how this Manual may be used by different user
groups includinghe following

9 building code officials and other professionals tasked with reviews of modediagd
submittals

1 energy modelers who may use procedures outlined in the Mafouahternal quality control
before submitting to AHJ/RA.

TheReview Proceq$ection4) of this Manuabrovidesa step-by-stepoverview of thesubmittal review
processncluding references to the tabs of the Compliance Form and sections of the Mafewant to
each step

TheSubmittal Review Methodolog$ection %of this Manualsummarizes the general concept of
Standardd0.1Energy Cost Budget and Performance Rating Metlmmdpliance, describes the types of
review checks included in the Manual, and includpproachedor identifying impactful aspect of the
submittal to help prioritize reviewffort based on different levels of resourcagailable to conduct

submittal reviews The section also discusses how to use the QC Checks tab of the Compliance Form to
establish scope of the review.

TheReview Checl$eaction 6) of this Manualis a comprehensive library of checks that may be

performed The checks are organized in subsections dasethe type of building systems and
components, such as interior lighting, building envelope, etc. Description of each check includes
references to the relevant sections of 90.1, review tips including where the relevant information may be
found in the Corpliance Form, common mistakes, and referencethéapplicable simulation reports

for the supported tools.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 9
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Simulation ReportéS=ction 7) of this Manuakontairsthe annotatedBEM tool reportghat are
referenced in the review check® help locate thenecessarynformation.

The following additionabtandard0.1 resources are available and may incltebuirements applicable
to special situations and exceptions that are beyond the scope oMaisial

1. ANSIASHRAEESStandard 90.2016, 90.1-2019 and 90.12022available from ASHRAE
Bookstoré. Readonly version may also be available from the ASHRAE weébsite.

2. 90.1-2016and 90.12019! a SMdRuRk (available from ASHRAE Bookstofdle! a SMdnual
provides examples and explains requirements of the standard, incltlengnergy Cost Budget
and Performance Rating Methads

3. ANSI/ASHRAE/IP8rformance Rating Method Refereriganuaf. Thedocumentexpands on
requirements of 90.2016, 2019 and 2022Appendix Gandcan be used as the source for the
simulation assumptions and methodologies that apt addressed in 90.1.

4. ASHRAE Interpretation Requests

5. Questions orapplyingcode requirements tahe specific projects may be sent to ASHRAE as an
official or unofficial interpretation reque&tThe official interpretations are posted on ASHRAE
websitefor 90.1:2012, 90.1-201€, 90.12019, and 90.12022, and are useful resources

6. DOE Help De$k

7. Additionalsoftware-specific resources are included in the Simulation Reports section.

Standard 90.1 Section G3.2 (New Construction/Major Alterations) and G3.3 (Minor Alterations)

New buildings, additions, and alterations (i.e., New Construction/Major Alterations) meeting 90.1 2022
G3.1.4a follow the modeling requirements in Standard 9022 Section G3.2. All other alterations (i.e.,
Minor Alterations) follow the modeling requireants in Standard 90-2022 Section G3.3. In each
sectionof this document wher&0.1requirements differ acros80.1 Section&3.2 and G3.3 separate
headings are presented for G3.2 and G3.3 with a description of the requirements associated with each
underthe applicable headindrefer to sectior®0.1 2022 Section G3.3 Performance Calculations for
Other Alterationsn the Review Checki&ection6) for a more detailed explanation and review tips

specific to alterations subject to 90.1 Section G3.3.

1 https://www.ashrae.org/technicatesources/standardand-quidelines

2 https://www.ashrae.org/technicalesources/standardsind-guidelines/readonly-versionsof-ashraestandards
3 https://www.energycodes.gov/performance_based_compliance

4 https://www.ashrae.org/technicatesources/standardsnd-guidelines/pcgoolkit/standardsforms-
procedurestinterpretationrequest

5 https://www.ashrae.org/standardsesearch-technology/standardsnterpretations/interpretationsfor-
standard90-1-2013

8 https://www.ashrae.org/technicalesources/standardsind-guidelines/standards
interpretations/interpretationsfor-standard90-1-2016

” https://www.ashrae.org/technicatesources/standardsnd-guidelines/standards
interpretations/interpretationsfor-standard90-1-2019

8 https://www.ashrae.org/technicatesources/standardsnd-guidelines/standards
interpretations/interpretationsfor-standard90-1-2022

9 https://www.energycodes.gov/HelpDesk
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Example of the format for distinguishing between 90.1 G3.2 and G3.3 requirements.
G3.2 New Construction/Major Alterations

Requirements for 90.1 G3.2 specifically will be included under this heading.

G3.3 Minor Alterations

Requirements for 90.1 G3.3 specifically will be included under this heading.

3. Submittal Review Quick Start

For AHJ and RA Administrators
See theDOE Energy Code webdite recommendationgor organizing an effective and efficient submittal
review proceséncluding but not limited to the following:

1 adoption of the90.1 Performancdased Compliance Form

9 establishing the minimum qualification requirements for energy modelers and submittal
reviewers,

9 and third-party reviewer scope of work template.

For Submittal Reviewers
1. Before performing the first review
a. Review thesubmittal reviewpolicy documents published by AHJ/RA to understand the
documentation requirements, review scogargetturnaroundtime andbudget.
Read theReview Processection to understandhe review steps.
c. ReadReview Methodologgection to learn about the different types of checks included in the
Manual andunderstand methodology for identifying impactful aspect of the submittal, and the
tools available in the Compliance Form to help facilitate the reviews.
d. View the Department of EnerdPerformanced 8 SR/ 2 Y1LJ Al yvOS F2NJ { dzo YA

training.
2. Followthe steps outlined in th&Review Processection of ths Manualto perform a review.

For Energy Modelers

Modelers and design teams should use faene process as described above far Submittal
Reviewers to perform quality control before submitting the package for reviéws helps minimize
review iterations and ensures a speedy approvak following is recommended:

a. At minimum, review the QC Checks tab of the Compliance Form to verify that no automated
OKSOla NBadzZ G Ay aGClAfté¢ 2dzi02YSo Ly@SadAa3ardas I
appropriate tabs of the Compliance Form and/or in Si@ulationto resolve the check. #check
is not resolved, provide an explanation foe reviewer.

b. To improve submittal qualityiconsider completing t f OKSO1a FT2NJ 6KAOK aLyOf
I dzd 2 YI G A Ol f dnthe GCeck’s b ai theSChrapliance F@ome jurisdictions and
rating authorities may require this step.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 11


https://www.energycodes.gov/performance_based_compliance
https://www.energycodes.gov/technical-assistance/training/courses/performance-based-compliance-submittal-reviewers
https://www.energycodes.gov/technical-assistance/training/courses/performance-based-compliance-submittal-reviewers

c. When replying to review comments, refer to tReview Checksection of this manual to
understand the 90.1 requirements and common mistakes relevant tehieeks

4. Review Process
Thesection describes the submittal review process utilizing@ality ControlCheckdab of the
Compliance Form.

Review Tiers
AHJs and RAs may select different review scopes based on their enforcement philosophy and resource

availability. The review tiers are designed to align quality assurance efforts with AHJ and RA goals,
available budgets, and resource constraints. Whiléeak emphasize impactful elements, Tiers 3 and 4
provide a greater level of targeted scrutiny, focusingwemy of thekey compliance drivers. Only Tier 5
is intended to offer a fully comprehensive evaluation. As such, while earlier tiers can idetitif cri
issues, some items may go undetected without thedathpe analysis provided by Tier 5.

This document includes five review tiers, ranging from Tier 1 (least rigorous) to Tier 5 (most rigorous).

1 Tier 5 provides the most comprehensive assessment, covering all applicable review checks.
1 Lower tiers offer reduced review scopes, often chosen due to technical or time constraints.

1 Estimated review times apply to thiest review only (not subsequent iterations) and can vary
significantly based on reviewer experience, project complexity, and the quality of submitted
materials. These estimates serve as planning guidelines rather than fixed guarantees.

Tier 1 z High-LevelReview (~1z2 hours)
A highlevel completeness check that focuses on automated flags in the Quality Control Checks tab
within the Compliance Form.

Tier 2 z Limited TargetedReview (~3z7 hours)
Includes Tier 1 checks, plus a samyfleeview checks focused on higher impédilding features.

T IixHxE: 2F Q@énSderadier® rekidw for a deeper assessment.

Tier 3z Moderate TargetedReview (~8z15 hours)
Includes Tier 1 checks, with an expanded reviewiglier impactbuilding features compared to Tier 2.

T IixHxE: 2T QRISrA tedewTslrekoimmended.

Tier 4 7 ComprehensiveTargeted Review (~16z21 hours)
Includes Tiel checks, pluslachecks that targespecific systems and components affecting major end
uses.

Tier 5z Full Review (21+ hours)
A complete analysis, covering all applicable review checks to ensure thorough compliance.

Review Steps

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 12



Refer toFigured below for a flow chart depiction of the review steps.

Step 1:Check submittal for completeness
Applicability: All review tiers

1 Usethe Submittal + Mand. Req. Checklittb of the Compliance Forrto verify that all required
materials are provided. Request additional information if submittal is incomplete.

1 Review theDashboard talmf the Compliance Forrto verify compliance outcome and confirm that
modeler and design professional signed off on the submittal as required

Step 2: Getageneral understanding of the project
Applicability: All review tierwith tier-specific guidance noted below in parentheses

1 Review theGeneral Informationiab of the Compliance Forrto understand building type, size,
f20F0A2yT 6KSGKSNI AGQa I yS¢g O2yailNHzO@AIKesf 2 NJ NB)y
1 Review theEnergy Performance Summaap of the Compliance Forrto understand which end
uses have significant impact on the modeled energy use. |@®atfying mpactful Aspects of the
Submittalsectior) (All tiers except tier 1)

Step 3: Establishreview scope
Applicability: All review tiers

1 OpenQuality Control Checkab of theCompliance ForrFigure3) and begin by selecting which
review tier will be used.

1 The tab contains all review checks outlined in the manual. The Compliance Form utilizes automated
logic to select a sample of checks based on the chosen review tier, automatically setting the "Include
in Review'columnto "Yes" for the selected checkghis process follows the guidelines described in
the Identifying mpactful Aspects of the Submittahd Establishing Review Scogectiors of the
Manual The number othecks includewill vary based on the selected review tier.

Affects an Review Time
Include in Impactful End- Category (1=
Review? Review Outcome use, fastest, 4= Rev 0 Compliance Form Generated Review
ChecklD Reviewer Only | Reviewer Only Yes/No/N/A Ranking longest) Reviewer Only

Ref The same approved simulation program is used for
the baseline and proposed design models. Yes Pass N/A 0 1

Review Check

SGO1
Ref Project climate zone reported in the Compliance
Form is established correctly. nfa NfA 1 1

$G02
Ref The same approved weather file was used in the
baseline and proposed design simulations nfa N/A 1 1

SG03
nas |

Thm cmmmcbnd menimet flame memn e cmmeiebad itk S

Figure3: Quality Control Checks tab of the Compliance Form

A 2 4 A 9~

 Forsomeofthepréd St SOGSR OKSOl1az (GUKS NBOGASg 2dzid2YS A&
based on the information provided on other tabs of tBempliance Form C2 NJ OKSOl1a 6 A (K
outcome, a default review comment is displayed and may be edited by the reviewer.

Step 4: Perform thereview
Applicability: All review tiers

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 13



1 Perform the selected review checks in the order listed in@@Checks tab of th€ompliance Form
WwWSO2NR Gtlaaé¢ 2N GClFAfé 2dz2id2YS F2NJ SIF OK OKSO1 |
OKSO1l 4AlGK GKS aClAfté 2dzid2YS o
0o Aat I 3a¢ 2dzi02YS YSlIya GKIG y2 adKahypsédodd I NBE NBI
comments can be treated @sformative.
0 AGCI At ¢ 2dzi02YS YSlIya GKIG OKIyI&appdvddid o6S VY
In this case, théssues and required changsisould bedescribed in theeview comment
T / 2yFANY GKS 2dzi02YS 2y GKS OKSOla GKIG I NB | dzi2)
necessary.
1 Use CheckID provided in the QC Checks Tab to locate the 90.1 references and tips for performing the
check in theReview Checksection of the Manual as necessary.
9 For checks that involve verifying simulation reports, use the names of the reports listed for each
check to locate the annotated reports in timulation Reportsection of the Manual.

Step 5:Communicatethe review outcome to thepermit applicant
Applicability: All review tiers

Provide written comments to the applicant if corrective actions are required or approve the submittal.
The comments may be communicated by returning @@mmpliance Fornwith the filled-out Quality
Control Check&b to the applicant.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 14
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Figure4: Flow Chart of Review Process

=

Use theSubmittal Checklist tabf the Compliance Form to verify that all required materials are provided.
2. Review theDashboard tatf the Compliance Form to verify the compliance outcome and confirm that the
modeler and design professional have signed the submittal.
3. Review theGeneral Informationiab of the Compliance Form to understand building type, size, location,
GKSOGKSNI AGQa | ySg 02yaidiNMzOGA2y 2NI NBy20FGA2y YR (K
4. Review theEnergy Performance Summadab of the Compliance Form to understand which end uses have
significant impact on the modeled energy use.
5. UseQuality Control Checkab of the Complianc&orm toselect the desired review tier.
6. Review theQuality Control Checkab of the Compliance Form to evaluate the status of the automated
checks, and to determine which checks are relevant to the selected review tier.
7. Informative notes and comments with required corrective actions can be provided iQuléty Control
Checkgab of the Compliance Form.
8. The Submittal Review Manual recommends that if more than 20% of checks fail, then a more rigorous review
tier should be used for subsequent reviews. Reviewers may choose a different threshold if desired. If fewer
checks fail, revisions may still be requesfrom the submitter.
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5. ReviewMethodology

General Concept oftandard90.1 ECBand PRMCompliance
The performance path allows projedts not meet some othe prescriptive requirementandmake up

for the associated energy penalty mgproving ovemmandatory and prescriptive provisions in other

areas. For example, projects whigh window to wall ratio magemonstrate compance by showing

that the energy penalty associated with the high thermal loads is offset by savings from an efficient
HVAC system and daylightindgpeTequired analysis involves developing two whole building energy
simulation moded. The first model establishes the point of reference and is referred to as budget (90.1
Energy Cost Budget Metha¢hich is also known as Section 11 in 90.1 2016 and 2019 and Section 12 in
90.1 2022 or baseline (90.Performance Rating Methoghich is also known as Appendix lakilding

design. The second model represents the building design based on the design documents. The
compliance outcome is established by comparing the simulated annual energy cost of the two.models
This general concept is illustrated in Figdre

TR e s v

(gx ASHRAE STANDARD

Energy Standard for
Buildings Except Low-Rise
Residential Buildings
18 Edn

T LE T

Proposed Desian Baseline/Budaet Desian

Simulation models elveloped following the rules of 90.1 Section 11
(called Section 12 in 902022)or Appendix Gising samepproved
simulation tool, weather file and utility rates

Figure5: General Concept of 90.Energy Cost Budgetnd Performance Rating Method

Types ofthe Review Checks
The review checks described in this marhetethe following focus areas:

1. General requirements 090.1Energy Cost Budget and Performance Rating Method
A Examples include verifyirigat an approved simulation tool and weather file was used.
2. Specified systems and components reported in the Compliance Form reflect design documents
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A Examples include verifying that thated wattage of lighting fixture and the number of lighting
fixtures specified in various spaces reported in the Compliance Form are consistent with the
lighting plans and schedulgbat the reported HVAC system types, capasiand efficiences
reflects design documents, etc.

3. Soecified systems and components meet the mandatory requirements in 90.1 Secticri5

A Examples includeerifying that the specified lighting controls meet mandatory requirements in
Section 9that efficiency of the specified HVAC systenmeet orexceed minimums provided in
Section 6, etc.

A The applicable mandatory requirements for many systems and components are listed in the
Compliance Form. Compliance with these requirements is automatically verified by these QC
checks

4. Budget/baseline systems and components reported in the Compliance Fofiect requirements

of the 90.1Energy Cost Budget Method or Performance Rating Method

A Examples include verifying that the lighting power density, HVAC system types, thermal and
solar properties of the envelope reported in the Compliance Form for the budget/baseline
designare established correctly.

A In many cases, the relevant parameters are automatically populated in the Compliance Form by
applyingthe rules ofthe ECBr PRMto the reportedd (i NJA Far &xdfpeproject climate
zone is one of the triggethat determinethe auto populatedU-values of the baseline exterior
walls The key triggers are typically listed in the check description.

A The autepopulated budget/baseline parameters may be accepted without further reviece
the triggers are verified andthe auto-populatedvalues arenot overwritten.

A Some defaults may be owaritten, for example when 90.1 rules have exceptions that are not
automated in the Compliance Form. The oweitten defaults are shown in brown font in the
Compliance Form and may require additional verification.

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

A Examples include verifying that lighting power density or mechanical system type, capacity and
efficiency is modeled as reported in the Compliance F&m., if the Compliance Forrimdicates
that the baseline exterior lighting power is 1,700 ¥& check would confirm that inatches
the exterior lightingnput in the simulation toal

A Such checks apply to both the baseline/budget and proposed design models.

6. Smulation outputs are consistent with systems and components reported in the Compliance Form

A Baselinébudget andproposed design models include numerous inputs in addition to those
reported in theCompliance FormTrhese undisclosed inputs, as well as modeling mistakes, may
havea significant impact on the compliance outcome. Confirming a reasonable correlation
between inputs and outputs is an effective way of identifying potential issues. For example, if air
leakage throughthe envelopeis reported to behe same in the baseline and proposed design,
an output report may be used to verify that infiltration heating amslking loads are the same
in the baseline (budget) and proposed models.

A Some of these checks are automated in the Compliance Form. For example, since both non
coincident interior lighting peak demand and the rated lighting fixture wattage are reported,
projects with noncoincident peak demand exceeding the rated lighting wattage are clearly
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erroneous. Similarly, projects with no electric space heating systems reported in the Compliance
Form but with electricity used for space heating based on the simulation repagts
automaticallyflagged.
7. Simulation outputs are consistent with the selected benchmarks
A The check may be applied at the whole building level, for example to confirm that the modeled
energy use intensity (EUI) of the budget design is similatypical EUfor buildings of similar
type in the same climate zone minimally compliant with the given edition of @0similar
approach may be used to verify EUI of individual end uses such as lighting or space heating.
A The benchmarks for the budget/baseline and proposed designs are selected in Table 4 of the
Energy Performance Summary tab of the Compliance Form. The default benchmarks are set
based on DOE/PNNL prototype mod&(the prototype modelsas described below.
a. Proposed design documenting minimum code compliatteeprototype model of the
appropriate building type and climate zone, compliant with the same edition of 90.1.
b. Proposed design documenting performance above ctueprototype model of the
appropriate building type and climate zone, compliant with 90.1 2019.
c. ECboudget designthe prototype model of the appropriate building type and climate
zone, compliant with the same edition of 90.1.
d. PRMbaselinethe prototype model of the appropriate building type and climate zone,
compliant with 90.1 2004.
e. For mixed use buildings, the benchmark energy use is calculated as anegtded
average.
The configuration and key operating assumptions of the prototype models are summarized
in the scorecards which can be downloaded at the BD#ding Energy Codes Program
website'©.

Refer t090.1 2022 Section G3.3 Performance Calculations for Other Alterddionstes of
caution for alterations subject to Section G8.8., Minor Alterations)
A The default limits by which the modeled EUIs can deviate from the benchmark EUIs before a flag
is triggered for the corresponding review check on the Quality Control Checks tab are included
in Table6 of the Performance Summary tab from the proposed design, and in Tdbig¢he
baseline/budget desigand may be customized.

Identifying the Impactful Aspects of the Submittal
This section provides tips for identifying systems and componentsthemélated modeling inputs, that

have a significant impact on the compliance outcoraed that should be targeted in the reviewlhe
impactful building systems and componentsy beestablishedusinga three-step processlescribed
below.

Impactful enduses are identified automatically in th€ompliance Fornusing the methodology
described in this sectionin addition, he review checks affected by impactful eases (i.e., the review
check deals with systems and components that affeetimpactful enduse)are also automatically

10 https://www.energycodes.gov/prototypduildingmodels#Commercial
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determined in theCompliance FornSeeFigure6 and Figure7 below forexcerpts from the Compliance

Form.

Impactful End-Uses
Instructions (Reviewer Only)

1. Select the performance metric on which to base the determin

2. Override the impactful end-uses, if desired, or add additional

Impactful End-use Metric (Select):

Energy Cost

Impactful End-Uses

Misc equipment

Space cooling

Space heating

Interior lighting

Fans - interior ventilation

Mote: End-uses are not displayed in order of impact.

Figure6: Impactful EndUses on the Quality Control Checks tab in the Compliance Form

Affects an
e T Inclu_de in _ Impactful End-
Review?  |Review CQutcome use,
ChecklD Reviewer Only | ReviewerOnly | Yes/No/N/A
Ref Thermal properties of the above-grade walls in the
proposed design are established correctly. n/a ves
BEQ1-P
Ref Thermal properties of the above-grade walls in the
baseline design are established correctly. nfa Yes
BEQ1-B
Ref Thermal properties of below-grade walls in the proposed
design are established correctly. nfa Yes
BEQ2-P
Ref Thermal properties of below-grade walls in the baseline
design are established correctly. nfa Yes
BEQ2-B
Ref Thermal properties of the roof in the proposed design
are established correctly. nfa Yes

BEQ3-P

Figure7: Example on th&uality Control Checks tabf GAffects an Impactful Endiset
of Review Checks

Step 1:ldentify the impactful end uses

End uses that fall into the top tier based any of thefollowing criteria should beonsideredmpactful.
a. Contribution toward the difference in energy use between the baseline/budget and proposed

design.
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For example, lightingnd use shuld be considered impactful for both the baseline and proposed
design if reduction in lighting energy use of the proposed design relative to the baseline is one of
the top three contributors toward the total reported savings. (In this example, the topgie

defined as top threend usesg

b. Contribution toward the total energy use of the proposed desigrcept wherthe trade-offs for
the end use are not allowed.

c. The relative contribution toward the total energy use of the budget/baseline desixrept when
the trade-offs for the end use are not allowed.

Criteria (b) and (c) are important becattbere are typicallymultiple differences between the
systems and componentd the budget/baseline versus proposed destbat affect a given end
use. Some of the difference magsult in energy savings while others in energy pen&lor
example, proposed design may have less efficienielope but more efficient heating system
compared to the budget/baselinegsultngin a similar heating energy use in the budget/baseline
and proposed desigrin such scenarios, criteria (a) may not be triggeredritgria (b) and (c)
would applyif heating end use ia significant contributor toward energy use of thedget/baseline
or proposed designThis will ensure thahe trade-offs between envelope and heatirzge
evaluated as part of the review.

Criteria (b) and (@re not applicableto end uses for which no tradeffs areallowed such as
miscellaneous equipmetior projects following 90.1 Section 1&alled Section 12 in 902022)or
documenting the minimum compliance following 90.1 Appendigr@xterior lighting for projects
following Section 1{called Section 12 in 962022)

Tables2-4 of the Energy Performance Summary t#tihe Compliance Formankthe end uses based on
these criteria using simulation results reported in the Compliance CalculatiofBitalve8). The

ranking may be different depending on units used to express simulation reSint£90.1Energy Cost
Budget and Performance Rating Methoaimpliance is based on energy cost, the impactful end uses
should also be determined dhe cost basis. Alternative units may be useldenrequired by AHJ or
rating authority.lt is impor@ant to note thatfor projects with utility rate structures that include demand
charges, the cost impact of these charges on eachusgdis not accounted favhen automatically
determining impactful endises in the Compliance Foffior the energy cost metricThis is because the
cost calculation relies on average or virtual rates and the kwh consumption of eaalsend

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 20



Table 2: Enduses with the Highest Contribution Towards the Total Energy Use of the Proposed Design

Rank Site Energy Source Energy Energy Cost GHG Emissions
#1 Space heating (42%) Misc equipment (27%) Misc equipment (29%) Space heating (34%)
#2 Service water heating (17%) Space heating (25%) Space heating (22%) Misc equipment (22%)
#3 Misc equipment (17%) Space cooling (12%) Space cooling (13%) Service water heating (14%)
#4 Space cooling (7%) Fans - interior ventilation {11%) Fans - interior ventilation (12%) Space cooling (10%)
#5 Fans - interior ventilation (7%) Interior lighting (11%) Interior lighting (12%) Fans - interior ventilation (9%)

Table 3: Enduses with the Highest Contribution Towards the Total Energy Use of the Baseline Design

Rank Site Energy Source Energy Energy Cost GHG Emissions
#1 Space heating (36%) Interior lighting (21%) Interior lighting (24%) Space heating (29%)
#2 Service water heating (17%) Space heating (20%) Misc equipment (20%) Interior lighting (18%)
#3 Interior lighting (14%) Misc equipment (18%) Space cooling (17%) Misc equipment (15%)
#4 Misc equipment (12%) Space cooling (16%) Fans - interior ventilation {16%) Service water heating (13%)
#5 Space cooling (10%) Fans - interior ventilation (14%) Space heating (15%) Space cooling (13%)

Table 4: Enduses with the Highest Contribution Towards Savings of the Proposed Design vs. Baseline Pesign

Rank Site Energy Source Energy Energy Cost GHG Emissions

#1 Interior lighting (30%) Interior lighting (40%) Interior lighting (38%) Interior lighting (35%)
#2 Space heating (25%) Space cooling (22%) Space cooling (23%) Space cooling (19%)
#3 Space cooling (17%) Fans - interior ventilation (20%) Fans - interior ventilation (20%) Space heating (18%)
#4 Service water heating (15%) Space heating (12%) Misc equipment (9%) Fans - interior ventilation (17%)
#5 Fans - interior ventilation (15%) Service water heating (8%) Space heating (7%) Service water heating (11%)
| Energy ‘ G i G i ‘ Energy Performance Summary | Quality Control Checks ‘ Submittal Checklist “ .

Figure8: Ranking of the Impactful End Uses in the Bnergy Performance Summary tab of the
Compliance Form.

Step 2:ldentify the impactful systems and components

Systems and components associated wiitle impactful end useare shown inTablel andshould be
considered impactfulmpactful enduses are identified automatically in tti@mpliance Fon. The
impactful enduses used to determine impactful review checks are shown itntipactful Enelises
sectionon the Quality Control Checks tab in the Compliance Fohase can be overwritten by the
reviewer as deised.

Step 3:ldentify the performance characteristics and operating conditions that drive the
modeled energy use of thempactful systems and components.

The performance characteristics and operating condititwas drive the modeled energy use of the
impactfulsystems and componentse shown irfablel. The review checks affected by impactful end
uses (i.e., the review check deals with systems and components that affect the impactiugenare
also automatically determined in th@ompliance FornSeeFigure? for an excerpt of a sample of
checks from the Compliance Form showing this concept.
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Tablel: Impactful Systems and Components to be Reviewed

Lighting End Use

Performance Characteristics

Operating
Conditions

i. Wattage of the lighting fixtures which account for at least 10% of the light
power based on the fixture wattage and quantity.
ii. Lighting controls in a representative sample of spaces.

i. Lighting runtime
hours in a
representative
sample of spaces

Service Watetheating End Use

Performance Characteristics

Operating
Conditions

i. Type, capacity and efficiency at full and part load of the service water heg
that account for 25% or more of the total specified or installed capacity.

i. Volume of hot
water consumed.
ii. Supply hot water

temperature.
Space Heating End Use
Performance Characteristics Operating
Conditions
i. Type, capacity and efficiency at full and part load of the space heating i. Hourly heating
systems accounting for 25% or more of the total specified or installed thermostat
capacity. Where there are multiple systems of the same type, the combin setpoints
capacity of all systems of that typbadl be compared to the 25% threshold.| ii. HVAC control
ii. Inenvelopedominated building types including multifamily, hotels/motels, setting
dormitories and schools: iii. Mechanical
- For each opaque surface tyPyeU-factors and area of assemblies ventilation
accounting for 25% or more of the total opaque surface area of this ty schedule
- For fenestration: window to wall ratio;-tactor and area of assemblies
accounting for 25% or more of the total fenestration area
- Infiltration rate
iii. Mechanical ventilation rate
iv. Exhaust air energy recovery including recovery effectiveness and bypass
control
v. HVAC system controls
Space Cooling and Heat Rejection End Use
Performance Characteristics Operating
Conditions
i. Type, capacity and efficiency at full and part load of the space cooling sy{ i. Hourly cooling
accounting for 25% or more of the total specified or installed capacity. W thermostat
there are multiple systems of the same type, the combined capacity of all setpoints
systems of that typelsall be compared to the 25% threshold. ii. HVAC control
ii. Fenestration SHGC. setting
iii. Infiltration rate in the envelopelominated occupancies including multifami| iii. Mechanical
hotels/motels, dormitories and schools. ventilation
iv. Mechanical ventilation rates. schedule

11 Exterior wall, roof, exposed floor, interior surfaces adjacent to unconditioned spaces, etc.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual

22



v. Exhaust air energy recovery including recovery effectiveness and bypass
control
vi. Economizer operation.
vii. HVAC system control.
Fan End Use
Performance Characteristics Operating
Conditions
i. Type, rated flow CFM, BHP, flow control method, minimum specified flow| i. Fan full load
fraction, fan and motorefficiency at full and part load for fans servingsiate hours
systems identified as impactful ii. The hourly ratio
ii. Mechanical ventilation rate and schedule relevant to the identified fans. of actual flow to
iii. HVAC system controls relevant to the identified fans. design flow
Other HVAC Equipment (e.g. Pumps) End Use
Performance Characteristics Operating
Conditions
i. Type, rated flow GPM, BHP, flow control method, minimum specified flow i. Pump full load
fraction, pump and motorefficiency at full and part load for pumps serving hours
heating or cooling loops associated with the systems identified as impact] ii. The hourly ratio
i. HVAC system controls relevant to the identified pumps of actual flow to
design flow
Other End Uses
Performance Characteristics Operating
Conditions
i. Peak and daily average kW load for systems and equipment that combin{ i. Equipment full
account for at least 75% of the rated design kW of all equipment associal load hours
with this end useExamples include but not limited to refrigeration
equipment and elevators.

Establishing Review Scope
Thegoal of the review is to identify whether any specified systems or components must be chianged

order forthe designto complywith the ASHRAE Standard 9&dergy Cost Budget Methau
Performance Rating Methodoth compliance options requidesigns to meethe applicable
mandatory provisionsf the Standardthus, any identified issuasith the mandatory requirements will
necessitate changes to the design.

Sincethe 90.1Energy Cost Budget and Performance Rating Metlddw performance tradeffs

between systems and componer(isith the exception ohot meetingmandatory provisions)
identifyingissuegertaining to theimpactful systemsire likely to affecthe compliance outcome and
necessitate changes to the desidgdn the other hand, uncoveringsues with systems that have
relatively low impact othe modeled energy cosif baseline/budget and proposed desigray result in
updates tothe models and/or information reported in th@ompliancd=orm withoutany changes to the
design documentdncidentally it is important to stress that some of the systems and components that
fall into low impact categorfor the purpose 080.1 compliance modeling may have higtpact on
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building lifecycle cosind occupant comforfTable2 illustrates the recommended review prioritization

logic based on these considerations.

Table2: Review Check Prioritization Strategies

Type of Review ChecKseeTypes of Review Check

PROPOSED DESIGI

BASELINE/BUDGET

Method or Performance Rating Method
requirements

section) DESIGN

1. General requirements dhe 90.1Energy Cost Always

Budget Method or Performance Rating Method

2. Specified systems reported in the Compliance Only for impactful

Form reflect design document systems based on NA
sampling

3. Specified systems meet mandatory requiremen]  Only for impactful NA
systems

4. Budget/baseline systems reported in the :

Compliance Form meet 90EInergy Cost Budget Sy 191 e

NA systems, based on

sampling

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

Only for impactful
systemsbased on
sampling

Only for impactful systems
based on sampling

6. Simulation outputs are consistent with systems
and components reported in the Compliance Forn

Only for impactful
systems, based on
sampling

Only for impactful
systems, based on
sampling

7.Modeled end uses are consistent with benchme

Always (Note 1)

Always (Note 1)

Note 1: 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, sies/water heating and elevators.

Review Check Classifications

Each review checkutomaticallyreceiveghe classifications as described below the Quality Control
Checks tab in the Compliance Fdrased on the specifics of the projechese classificationwith the
exception of Review Time Rankimghich is for informational purposes onbre then used to
automaticallyselectthe review checkso include in the revieviollowing the logic in th&keview Check
Selection Logisection.SeeAppendix BLogic for Automatic Prioritization of ®ew Check$or the logic

applied to each check to determine the ranking gorajectby-projectbasis.

Review TimeClassificatiom Each check is assigned a number from 1 to 5 to represent the
estimated level of effort required. These values are preset in the Compliancedrolrarefor

reference only. The time estimates below provide a general guideline, though actual duration may
vary based on factors such as project size, complexity, reviewer experience, and the quality and
completeness of submitted materiaEffort estimates:

y" 1: Automated check
Yy 2:1-2 Minutes
Yy 3: 37 Minutes
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Yy 4: 810 Minutes
y 5:11+ Minutes

Identifying Review Checks Connected to Impactful Bsgksg Each check is dynamically assigned
a"Yes" or "No" based on whether it involves systems and components that influence -aiseend
identified as impactfullf the review check is assated with any of the endises identified as
impactful following the method described in thdentifying mpactful Aspects of the Submittal
sectioni KSy AU oAff 06S YINJSR a a, Sa¢o

Ranking For each checlarankingis determined The following are the assigned rankings and
their meaning.

Yy 0: Automated checksalways conducted for all tiers.

Yy 1: Always conducted for Tiers2 These include EUI checks and general requirements of
the PRM or ECB, such as verifying that unmet load hours do not exceed allowable limits.

Yy 2: Checks that have a significant impact on energy consumption AND thieesgstems
and components associated with the check affeattusgs)determined to be impactful
for the projecth ®S o> (G KS OKSO|1 41 & FaaAia3dySRrojéect a, SaQ |
attributes like number of stories, building type, and climate zone (CZ) will be considered
when dynamically assigning a ranking of either a 2 or 3 to a cReclexampleslab on
grade constructiomelatedto checks for ainglestory school in climate zone 64ill receive
a ranking of 2, whereas thosheckdor a15-story officein CZ 2A will receive a ranking of
3.

Yy 3: Checks that have a less significant impact on energy consun#tibrwhere the
systems and components associated with the check affediusgs)determined to be
impactful for the projectProject attributes like number of stories, building type, and
climate zone will be considered when dynamically assigning a ranking of either a2 or 3 to a
check.

Yy 4: These are the checks that either always have a less significant impact on energy
consumption OR are checks that were found to not affect any of the impactful end uses
determined for the project.

Review Check Selection Logic

The following logiand process issed fordetermining whethedt L y Of dzZRS Ay WwWS@ASg¢é G Af
G, Saé¢ 2 NJ ab@rieactRre@vielv dhéckodn thé @uality Control Checks tab in the Compliance
Form.Steps 24 are automated in the Compliance Form.

Step 1: Selection of review tieF-or each project review, the reviewer must determine the
appropriatereview tier, considering both the available review time and the desired level of
rigor. The review tier is selected on the Quality Control Checks tab in the Compliance Form.

When aligning the selected tier with the allocated review time, several factors should be taken
into account:

0 Reviewer ExperienaglLess experienced reviewers may require additional time to complete
reviews
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o0 Project Complexitg More complex projects generally demand longer review times, even at
lower tiers.

o Quality of Submitted Materialg Projects submitted with welprepared, higkguality
documentation often require significantly less review time compared to those with
incomplete or inconsistent materials.

By carefully assessing these elements, reviewers can select a tier that balances efficiency and
thoroughness while ensuring a comprehensive evaluation of the project.

Step 2: Identify impactful eneduses and checks that pertain to these emdes.Impactful end

uses will be determined automatically in the Compliance Form based on model results using the
logic inldentifying mpactful Aspects of the Submitts¢ction Each check will be marked as

Yes/No as tavhetherit affects any impactful end uses

Step 3: Rank checkRankings of 0 and 1 are not dynamic and are therefore not project specific.
Theseareprd 3aA3YSR YR NBYIFIAYy adrotS ONRPaa LINRB2SO
step 2 will be ranked as either 2 ob3sedoniits level of influence oanergy consumption. A

ranking of 2, 3, or 4 will be automatically determined in the Compliance Form based upon

attributes of the project including but not limited to impactful end uses, climate zone, building

type, number of stories, etc. Séwe Review Check Classificatisetionfor more information

regarding rankingSeeAppendix BLogic for Automatic Prioritization of Rew Check$or the

logic applied to each check to determine the ranking on a prédjgqiroject basis.

Step 4: Selection of checks to be performéthecks will be selected automatically following the
defaultt 23A 0 aK2gy o06St2¢ RSLISYRAY3I 2y (GKS (GASNI aSt
G2 a,Saé¢ 2N ab2¢ Reyl YAlderaih &ases, thé revieweknffay (G KS f 2 3
choose to override the default percentagslsown below For example, if a submitter
consistently provides highuality work, the reviewer may adjust the percentagearik 4
checksconductedfrom 20% to 5%or a Tier 3 review. Conversely, if a submitter frequently
submits lowerquality work, the reviewer may opt to increase the percentage to 40% for a more
thorough assessment.he percentage of checks conducted can be manually adjusted on the
Quiality Control Checks tab in the Compliance Form irRiivdew Tiesection.
Tier1:1

Yy Verify all automated checks Pass

Yy No additional checks are selected for review; however, if any automated checks
fail, then the reviewer should investigate, or ask the submitter to explain.

=
o)
@
N

Yy Verify all automated checks Pass
Yy 100% of checks with a ranking of 1
Yy 50% of checks with a ranking of 2
Yy 25% of checks with a ranking of 3
Yy 10% of checks with a ranking of 4

y  Verify all automated checks Pass
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100% of checks with a ranking of 1
75% of checks with a ranking of 2
50% of checks with a ranking of 3
20% of checks with a ranking of 4

—
D
<< hs<<x<

All checks ranked 0 through 3
20% of checks with a ranking of 4

-
@
S o

All checks (ranking 0 through 4)

TheReview Checksection of the Manual includes sigectionsdedicated to thekey building systems

(e.g., interior lighting, building envelope, etEgach subsection starts with an introduction that includes

a table listing the available checks based on their tgsedefined in the first column dfable2, and
component being addressed (e.g., lighting wattage, lighting controls, etc.) These introductory sections
also includehe sampling recommendationg-or example, verifationthat the specified lighting fixture
wattage reported in the compliance form reflects design document should focus on fixtures that
account for thdargest share of the specifiatdattage and spetheckng other fixtures

6. Review Checks

Nomenclature
The review checkiscluded in this sectioare organized into the followingroups

Simulation General (S@hecks verifgompliance with thegeneral simulation requirements suchthat

an approvedsimulation progranwasused to model baseline/budget and proposed desthat

LINE2SO00GQa OfAYFOS T2yS gl a Sadtloft AaKSR O2NNBOGf ez
outcome reflect submitted simulation reportandthat the number of unmet load hours does not

exceed the specified limitn addition,SGchecksverify that the totalsimulated energy use intensignd

energy intensities of individual end uses including lighting, miscellaneous loads, heating, cooling, fans,
pumps, heat rejection and service water heating emasistent with the selected benchmarks

Utility Rates (UR)hecksverify that energy cost is established using utility rates from an approved
source and are properly modeled.

Building Envelope (BEhecks verify that the envelope geometry, thermal and solar propeaties
established and modeled correctly.

Lighting, Interior (LAndLighting, Exterior (LEEhecks verify that the interior and exterior lighting power
and controlsare properly established and modeled.

Plug, Process and OtheoadPPOYxhecks verifghat the miscellaneous unregulated loadsdustrial
process, elevators, regulated refrigeration, motors anthbinedheat andpower systemsare properly
established and modeled.
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Service Water Heating (SWthecks verify that service water heating equipment type, efficiemay
controls that the related auxiliary equipmergnd hot water demandvere established and modeled
correctly.

Air-side HVAC Systems (AHVAR)Water-side HVAC Systems (WHVAI@cks verify heating, cooling
and ventilation system type, capacity, efficierayd controls and parameters of the related auxiliary
components such as fans, pumgosd heat rejection equipment were establishedrrectly and properly
modeled.

Renewable EnerdfRB checks coverenewable electricity and thermal energy generation systems such
as photovoltaic (PV¥ystemsExceptional Calculations (EBecks address calculations that were
completed outside of the simulation todThechecks are only relevant to projects involving renewable
systems or exceptional calculations, respectively.

In addition, checks are designated as applying toBhselinéBudget Desigor Proposed Design.

Budget/Baseline Design (Bhecksconfirm that thebaseling(budget)designdescribed in the
submittalreflectsthe requirements of theselectedcompliancepath andis modeled ageported.

Proposed Design (Rheckghat verify that theparameters of the proposed design reported in the
Compliance Formatch design documentspmply with applicable 90.1 mandatory requirements,
andare appropriately modeled.

90.1 2022 Section G3.3 Performance Calculations for Other Alteraticlusles a detailed explanation
of the requirements associated wi®0.1 Section G3.3 (Minor Alterations) and review tips specific to
alterations subject to 90.1 Section G3.3 (i.e., Minor Alterations).

Example of the format for distinguishing between 90.1 G3.2 and G3.3 requiretimenigh the Review
Checks Section

G3.2 New Construction/Major Alterations

Requirements for 90.1 G3.2 specifically will be included under this heading.

G3.3 Minor Alterations
Requirements for 90.1 G3.3 specifically will be included under this heading.

Each check has Checldkpressed using thnomenclature. For example, BEP8s check #8 related to
building envelope (BE) for the proposed design (P).

Sections below list the checks included in each check group. The following information is provided for
each check:

1 Summary of the relevant 90.1 requirements

1 Review tips including locatiasf the relevantinformationin the Compliance Forysteps for
completing the check, sampling recommendations for checks that apply to multiple similar
systems and components (e.g. HVAC systems), and common mistakes.

1 For review checks that involve verifying simulation inputs or outputs, list of the relevant
simulation reports of commonly used BEM. The annotated reports are included in the
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Simulation Reports section of this Manusbte that the majority of the annotated reports
provided for eQuesalsopertain to projectsusingother tools that rely on the DOE engine.

Compliance Form tab Name Changes
TheDOE/PNNRO.1 Performancéased Compliance Forfthe Compliance Formindergoes continuous

maintenance where updates are made based upon user feedback and when there are changes to 90.1
that impact the Compliance Form (i.e., the Compliance Form was updated to support 90.1 2022 in
addition to 90.1 2016 and 2019 at the end28f23). A few tab names have changed since previous

versions of the Compliance Form. These changes are summarized below so that if an older version of the
Compliance Form is being rewedthe reviewer can follow along with the review tips in the sections

below.

Interior Lighting Summary tab (formerly called the Interior Lighting Model Inputs tab)
HVAC PRM tafformerly called the Baseline HVAC Appab)

Budget HVAC ECB tdbrmerly called the BdgetHVACSection 1Xab)

Submittal+Mand. Req. Checklists (formerly called the Submittal Checkilist tab)

=A =4 =4 =4

Simulation General(SG)

Overview of Simulation General Checks

Simulation General checks help gauge the general quality of the submittal, such as versperoved
simulation tool and weather file were useghodeled floor area reflects design documents, and
simulation results reported in th€ompliance Formeflect simulation output reports

In addition, there areheckghat compare modeled energy use of the baseline/budget and proposed
design to the selected benchmarksverify that the mulation resultsarereasonableTherelevant
information is showron the Energy Performance Summary tdlithe Compliance Forim both the
tabular and graphical formgFigure9). Significant deviations between the modeled energy use
intensities of the baseline/budget and proposed design and the benchmark should be flagged, as
discussed in the specific checks described below.
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Figure9: Energy Performance Summary tab of the Compliance Form, Benchmark Comparison

Of especial concern are the instances when the baseline/budget EUI is significantly higher than the
benchmark or proposed EUI is significantly lower than the benchmark as it may result in overly
optimistic compliance outcome.

However, the differences may be justified by different operating conditiergs,(onger daily operating

hours) between the project and the benchmamid the building usee(g.,school project that has a

swimming pool versus school benchmark with no swimming pool). The configurations of the

benchmarks are summarizénl the scorecards which can be downloaded at E@E Building Energy

Codes Program websife In addition a largedifference may be acceptable for end uses that account for

a small percentage of energy use in both benchmark and completed models, such as heating energy use
in Miami or cooling energy use in Alaska.

Table3 summarizes the checks included in the Simulation General section.

Table3: Simulation General (SG) Checks Overview

Proposed Baseline/

Focus of the Check Type of Check PO Budget
Design :

Design

Simulation Tools General requirements &ECB/PRM SGO01 SGO01
Climate Zone General requirements &ECB/PRM SG@ SGR
Weather File General requirements &ECB/PRM SGQ3 SGA
CF inputs reflect design documents SGa NA

Floor area - — . .

Simulation inputs consistent with CF SGB SGB

Number_ qf fours per year Simulation inputs consistent with CF SGO06 SGO06

explicitly modeled
Unmet load hours CF inputs reflect requirements BCB/PRM SGO07 SGO7
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Simulation outputs consistent with CF SG08 SGO08

Energy Use Simulation outputs consistent with CF SGOP SGO0B

Total EUI Simulation outputs consistent with benchma| SGO0-P SGEO0-B

Interior Lighting EUI Simulation outputs consistent with benchma| SG1-P SA1-B

Miscellaneous and Process EU Simulation outputs consistent with benchma| SG2-P SAE2-B

Space HeatingUI Simulation outputs consistent with benchma| SG&3-P SA3-B

Space CoolingUI Simulation outputs consistent with benchma| SG4-P SG4-B

Ventilation FansEUI Simulation outputs consistent with benchma| SG&5-P SG5-B

HVAC PumpkUI Simulation outputs consistent with benchma| SG&6-P SG6-B

Heat RejectioreUlI Simulation outputs consistent with benchma| S@&7-P S@A7-B

Service Water Heating EUl | Simulation outputs consistent with benchma| S@&8-P SGE8-B

Elevator EUI Simulation outputs consistent with benchma| SGE9-P SGA9-B
Compliance Calculations CF inputs reflect requirements BCB/PRM S0 S0

LEGEND
PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of ti@mpliance Forrn

SGO01 The same approved simulation program used for the baseline/budget and proposed
design models

90.1 2016and 2019ECB

Section 11.4.TThesimulation progranmust be approved by thadopting authorityandhave the
following capabilities:

1 explicitlysupport simulation method, systems and components listed in Section 11.4.1.1, such as
hourly variations in occupancy, lighting power, miscellaneous equipment poemostat set
points, and HVAC system operation, defined separately for each dag afeek and holidays
thermal mass effectden or more thermal zonegart-load performance curves for mechanical
equipment capacity and efficiency correction curves for mechanical heating and mechendatig
equipment; air-side economizer anfiuid economizer with integrated contrpdnd te budget
building design characteristics specified in Section 11.4.5.

1 eitherdirectly determine the design energy cost and energy cost budgetamtuce hourly reports
of energy use by energy source suitable for determiningdisgign energy cost and energy cost
budget using a separate calculation engf#.4.1.2)

1 perform design load calculations to determirexjuired HVAC equipment capacities and air and
water flow rates in accordance wiection 6.4.2 for both the proposed design and the budget
building design.

In addition, the simulation program mube tested according to ASHRAE Standard 140, except for
Sections/ and 8, and the resultsustbe furnished by the software providésection11.4.1.4) In90.1
2019 the relevantreporting requirements were expanded and clarified as follows:
- The test results and modeler reports must be posted on a publicly available website and
include the test results of the simulation program along with the results of the other
simulation programs included in ASHRAE Standard 140, Annexes B8 and B16.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 31



- The modeler report in Standard 140, Annex A2, Attachment A2.7 must be completed for
results exceeding the maximum or falling below the minimum of the reference values or for
missing results.

90.1 2022ECB
Section 12.4.has requirements similar t80.1 2016 and 2019 EGRction 11.4.1 summarized above
with the following additions:

- The required ASHRAE Standard 140 tests are specified in Section 12.4.1.4 and include
building thermal envelope and fabric load tests (Sections 5.2.1, 5.2.2, and 5.2.3), ground
coupled slabon-grade analytical verification tests (Section 5.2.4), sgax#ing equipment
performance tests (Section 5.3), spaueating equipment performance tests (Section 5.4),
and airside HVAC equipment analytical verification tests (Section 5.5), along with the
associatedeporting (Section 6).

- Section 12.4.1.4.3 specifies that the testing shall be performed for the version of the
simulation program used to calculate the design energy cost and energy cost budget.

90.1 2016and 2019 PRM
SectionG2.2.1hasthe samerequirementsas90.1 2016 and 2019 EGgction 11.4.1 summarized
above.

90.1 2022PRM
SectionG2.2.1hasthe same requirements &0.1 2022 EC8:ction12.4.1summarized above.

Review Tips
1. Simulation tool name and version is reported in the Energy Model Information section on the
General Information tab of the Compliance Form.

Instructions
1. Complete the "General Information” tab before completing any other tabs because some of the inputs on this tab determine the selections available within other tabs.

Energy Model Information
| Compliance path ASHRAE 90.1-2016: Appendix G Above Code Performance | |

100% Construction Documents Document datel 1
W eQuest | 7175 ASHRAE Std 140 Tests | http://www.doe2.com/download/IRScode179D_eQUEST-DOE22/ 1
2. If AHJ/RA has the list of simulation programs, verify that the simulation program used for the project
is on the list.
3. If AHJ/RA does not have the list of simulation programs, verify that the simulation program meets
the relevant requirements of 90.1 summarized aboVhe footnote below includes todlisted on
the IRS websitapprovedfor 179dmodelinganalysi$’. An ndividual AHJ/RA may allow only some
of thesetools, a subset of versions for each program, or simulatomis not listedon the IRS
website

12 Softwaretools approved by the IRS for 179D modeling as of January 2024 includes: DesignBuilderQBeST, D
2.2, EnergyGuage, EnergyPlus, eQuésurly Analysis Program (HABS Virtual EnvironmerDpenStudio® with
EnergyPlusTASTRACE 3D PIUBRACE 700, and TRNSY&rQoftwaretools may also be allowed if they have
published140 results IRS websitehttps://www.energy.gov/eere/buildings/qualifiegsoftware-calculating
commercialbuildingtax-deductions
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4. Ifitis determined thathe simulation program used on the project is not approved, it is
recommended that the issue is resolved before proceeding with other checks described in the
manual. Alternatively, only the checks that do not involve verifying simulation inputs or outputs
shoud be completed.

SGQ Project climate zone reported in the Compliance Form is established correctly

90.1 20162019, and2022 Energy Cost Budget and Performance Rating Methods

Section 5.1.45.1.5 in 90.1 2022)Jse ASHRAE Standard 169, Talle3B & | ®{ ® / ft AYI G0S %2y S
FYR [/ 2dzy g éa b wE B T {dF A2y a I yoRE /dLAYWU SINGY [4RAY2SyalTEE |
ItAYIFGS %2ySasée (G2 RSUGSNNAYS (KS | aaxdaighdondt A Y GS
letter. If there are recorded historical climatic data available for a construction site, they may be used to
determine compliance if approved by the building official. The information is also included in 90.1 Annex

1, whichcontains the retvant abstracts from ASHRAE StandiG4.

Review Tips
1. Project address is listed in the Project Information section ofGbatactinformation tab of the

Compliance FormJse the reported zip code to determine the county.

Project Information

Project # or ID 123456 Submission date‘ 6/12/2020
Project name The Woods on Main Street

Project address 123 Main Street

Project City Bedford Falls State‘ New York
Zip code 12345

2. Referto 90.1 Annex 1 to confirm that the climate zone listed on the General Information tab,
Energy Model Information section is established correctly based on the state and county where
project is located.

Energy Model Information
Compliance path ASHRAE 90.1-2016: Appendix G
Energy model based on 100% Construction Documents | Document date| 2/21/2020
Simulation program eQuest | 7175
Simulation weather station Central Park |
Type of weather data TMY3 |
Name of simulation weather file NY_New_York_Central_Prk_0O.bin |
@mate zone ’T‘

SG@ The same approved weather file used in the baseline/budget and proposed

simulation

90.1 2016and 20192022 ECB

Section 114.2/12.4.2: The simulation must be performed using hourly values of climatic data, such as
temperature and humidity from representative climatic data, for the city in whichpiteposed desigis

to be located. For cities or urban regions with several climatic data entries, and for locations where
weather data are not available, the designer must select available weather data that best reptégent
climate at theconstructionsite.
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Section 11.4.41.2.4.4: The same weather file must be used for the budget (baseline) and proposed
design simulations.

90.1 20162019, and 2022PRM

G23: The simulation must be performed using hourly values of climatic data, such as temperature and
humidity from representative climatic data, for the city in which gveposed desigis to be located.

For cities or urban regions with several climatic data entries, and for locations where weather data are
not available, the designer must select available weather data that best repsgtbentlimate at the
constructionsite.

G2.1:The same weather file must be used for the budget (baseline) and proposed design simulations.

Review Tips
1. Weather file used in the simulation is reported in the General Information tab of the compliance

Form.

Energy Model Information
Compliance path ASHRAE 90.1-2016: Appendix G
Energy model based on 100% Construction Documents | Document date| 2/21/2020
Simulation program eQuest | 7175
Simulation weather station Central Park |
Type of weather data TMY3 |
Name of simulation weather file NY_MNew_York_Central_Prk_0.bin
R—
Climate zone 4A

2. If AHJ/RAnas preapproved weather files that must be used for specific project locations, confirm
that the weather file listed in the Compliance Form and in the madapproved.

3. If AHJ/RAJoes nothave preapproved weather files, as a general rplejects should usaweather
file for the Typical Meteorological Year (TMstation closesto the project siteln areas with large
elevation changes anicroclimates the closest station may be at a significantly different elevation
and therefore have different weather or psychrometcitaracteristics omay be in a different
microclimate. In suchasesaweather sation at similar elevation and latitudar similar
microclimate may be a better fit.

4. Once the weather station is determinefiMY23 TMY34 or TMYX® data files for the selected
station should be useffor projects located in the United State3MYx data reflestmore recent
weather patterns compared tdMY3and TMY2 dataAlternative weather data sources, such as
those accounting for expected climate change, may be allowed with sufficient supporting
documentation.

5. The same weather file must be used for the budget/baseline and proposed design simulations.

eQUEST BEPS and at the top of other reports

TraneTRACKEOQO | Title Page report (the same weather file will always be used for both alternati
Trane TRACE 30 Climatic Summary report

Plus

13 http://rredc.nrel.gov/solar/old _data/nsrdb/19611990/tmy?2/State.html
14 hitp://rredc.nrel.gov/solar/old_data/nsrdb/19912005/tmy3/by state and_city.html
15 hitps://climate.onebuilding.org/
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IESVE SOFTWA

PRM Compliance Report, ECB Compliance Report, BPRM RepGrComplianc
Report Detailed SimulatiofReport,Energy Model Output Report

EnergyPlus SLX dzadof dKGYE W¢2LIQ &S Olnpu YeafigaBoNEnd t
wSadzZ Ga {dzYYIFNE NBLR2NI B DSYSNIft
OpenStudio SLX dzadof dKGYE W¢2LIQ &S OilkptyarificatigrSaNd

wSadzZ Ga {dzYYIFNE NBLR2NI B DSYSNIft

Carrier HAP v5

Simulation Weather Summary Rep@fhe same simulation weather file will
always be used for both Proposed and Baseline in the same pritjechot
possible to use different simulation weather data for Proposed and Baseline

single project

Design Builder

EnergyPlus Output Summary Document

SGO04 The reported project floor area is consistent with the design documents.

90.1 2016and 2019/2022 ECB

Table 11.5.112.5.1 Column A, #1aThe simulation model of the proposed desimgustbe consistent
with the design documentdhus the modeled project area is expected to be as designed.

90.12016, 2019 and 202PRM
Table G3.1 Proposed Building Performaramdumn #1a: The simulation model of the proposed design
mustbe consistent with the design documeritsis the modeled project area is expected to be as

designed.

Review Tips

1. Check that the mject floor areareported in Table 1 of the General Information tligns with the
design documentdn addition, tieck that the classification of the project floor areas reported in
Table 1 on the General Information tab align vttle design in terms ahe floor areadescribedas

GySe O2yadNHOGAZ2YES
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eration |G3.1.4a/11.1.4.1?| Alteration |Construction| Alteration | Alteration

G3.1.4a/11.1.4.1 | Remain - No
? Alteration

Total, ft*

Multifamily 84,365

84,365

Retail 24,750

24,750
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Total

109,115

109,115

Add Row Delete Row

[Plans/spec Reference(s) for Verifying the Building Areas and # of Floors| A-001 ]
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3. Small deviations between the modeled area and the area specified in the design documents are
common and may be acceptable. Below are some common reasons for the mismatch.
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a. Gross floor area reported in the design documents is based on the definition in the 2045 IBC
which differs from the 90.% 2016 definition (both are quoted belowleCB and PRM do not
specify how building area should be inputted into the moaef).whether it should be based on
the inside perimeter of the exterior wallbgsed on thdBC definition), or the outside perimeter
of the exterior wallg90.1 definition), so it may be modeled either way.

Hoor Area, Goss (IBC)The floor area within the inside perimeter of the exterior walls of the
building under consideration; exclusive of vent shafts and courts, without deductions for
corridors, stairways, ramps, closets, the thickness of interior walls, columns or otherdgatu
The floor area of a building, or portion thereof, not provided with surrounding exterior walls
shall be the usable area under the horizontal projection of the roof of floor above. The gross
floor area shall not include shaftdttv no openings or interior courts.

Hoor Area, Gross (90.1)the sum of the floor areas of the spaces within the building, including
basements, mezzanine and intermedidteored tiersand penthouses with a headroom

height of 7.5 ft or greater. It is measured from the exterior faces of walls or from the centerline
of walls separating buildings, but exchstovered walkways, open roofemlver areas,

porches and similar spaces, pipe trenches, exterior terraces or steps, chimneys, roof overhangs,
and similar features.

b. 90.1 distinguishes between the enclosed spaces, which include directly or indirectly conditioned,
semiheated, or unconditioned spaces and-enclosed spaces, such@awlspaces, atticand
parking garages with natural or mechanical ventilation (see 90.1 definition of unconditioned
space) Unenclosed spaces may be modeled with ambient conditions, thus not contributing to
the modeled floor area.

c. Multilevel spaces such as stairwells may be modeled as an openishaft
modeledarea=areaof the footprint), or as multiple floors (modeled aresareaof the footprint
timesthe number of floors the space spans).

d. To ensure faircomparison between the floor areaghown in the simulation reports and the
RSaA3ay R20dzySydasz AGQa Xosidedis repgried by the similRiSINE G | Y R
tool. For example, certain simulation reports may show conditioned floor area, others the gross
floor area including unconditioned spaces and plenums, etc.

+/- 5% difference between the modeled floor area of heated and cooled spaces and the area of the
corresponding spaces listed in the design documents may be acceptable. Higher deviations may be
permitted with an appropriate explanation.

16 hitps://codes.iccsafe.org/content/IBC2015
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SGO05 The modeled floor area is as reported in the Compliance Form and the same between
budget/baseline and proposed design
90.1 2016 and 2019/2022 ECB

Table 11.5.112.5.1 Column B, #1aThe baseline building design shall be modeled with the same
number of floors and floor area as tipeoposed design.

90.1 20162019, and2022 PRM
Table G3.1 Baseline Building Performance column®ie baseline building design shall be modeled
with the samenumber of floors and floor area as tipeoposed design.

Review Tips

1. Use simulation reports listed below to confirm that the modeled project floor area is as reported in
the Compliance Form and the same in the baseline/budget and proposed desiggct floor area
is reported in Table 1 of the General Information tab.

eQUEST Reports | Conditioned area: -G, CSV Space Loads Report
TraneTRACEQO LEED Summary Section 1.2

Trane TRACE 3D | LEED Summary Section 1.2

Plus
IESVE SOFTWARI Energy Model Output Report, PRM Compliance Report, ECB Compliance |
BPRM Report

EnergyPlus SLX dAGot dKAYE W! yydzd ¢ dA t RAy 3 | 0
OpenStudio SLX dAGof ®PKAYE Wl yydd t . dzAft RAy3 ! G
Carrier HAPVE |G [ 995 { dzYYF NBEEZ NBLR2NI:Z {SO0GA2Yy M

GAGE SR a{ LI} OS {dzYYl NE¢

Design Builder LEED Summary ReportEinergyPlus output summary document
S306 The correct number of hours per year was explicitly modeled
90.1 2016ECB
11.4.1.1At least 1400hours per year represering the full range of conditionmust be explicitly
simulated the same number of hours must be explicitly simulated for the budget and proposed design.

90.1 20192022 ECB
11.4.1.712.4.1.18,760 hourdfull year)must be explicitly simulated

90.1 20162019and 2022PRM
G2.2.1:8,760 hours (full year) must be explicitly simulated

Review Tips
1. Refer to the simulation reports listed below to confirm that the simulation timestep was as required
and the same for both the baseline/budget and proposed design models.

eQUEST Reportg 8,760 simulated by default; CSV Hourly Result$; &8d other monthly reports
TraneTRACEOQO | Project Information entered values report
TraneTRACE 3D| The program always models 8,760 hours
Plus
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IESVE SOFTWA| PRM Compliance Report, ECB Compliance Reép@€ Compliance Report
Energy Model Output Report, BPRM Report

EnergyPlus SLX dzadof dKGYE W! yydz f . dzA f RA; FrigrgyPliash
HTML output file #nput Verification and Results Summary report > General tg
B &l 2dz2NBE { AYdz | §SR¢

OpenStudio SLX dzadof dKGYE W! yydz £ . dzA f RA; FrigrgyPliash
HTML output file #nput Verification and Results Summary report > General tg
B &l 2dz2NBE { AYdz | §SRé¢

CarrierHAPV5 8760 hours simulated by default. There is no way to simulate fewer hdiars.
provide proof you an graph simulation results or export hourly simulatiesults
to CSV and demonstrate in Excel

Design Builder | Output Summary Document

SE07 The number of unmet load hours reported in the Compliance Form akes not exceed

the prescribed limits.

90.1 2016and 2019/ 2022 ECB

Section 3Unmet load hour is an hour in which one or more zones is outside of the thermostat set point
plus or minus one half of the temperature control throttling range. Any hour with one or more zones
with an unmet cooling load or unmet heating load is definedmsinmet load hour.

11.5.21i12.5.2 i Unmet load hourdor the proposed desigor baseline designshall not exceed 300

hours. In addition, th&JMLHgor the proposed desigshall not exceed thenmet load hourdor the

budget building desigrnmet load hours exceeding these limits may be accepted if sufficient
justification is given that the accuracy of the simulation is not significantly compromised by these unmet
loads.SeeSection 3above for the definition of unmet load hour.

90.1 2016and 20192022 PRM

G3.1.2.3G3.2.2.3 Unmet load hourdor the proposed desigior baseline building desigshall not

exceed 30mut of the 8760 hours simulatedJnmet load hours exceeding these limits may be accepted
if sufficient justification is given that the accuracy of the simulation is not significantly compromised by
these unmet loadsSeeSection 3above for the definition of unmet load hour.

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

Unmet Loads Proposed Design | Baseline Design
Mumber of hours heating loads are not met 15 6
Number of hours cooling loads are not met 6 2

Total 21 8
Compliance Yes

2. The prescribed limits should be enforced foost projects, becausbigh UMLHis often due to
simulation errors that may haveehigh impact on the compliance outcomEhe higher the UMLHSs in
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the proposed design compared to the baseline (budget) model effectively means 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 duhegooling season. This will

reduce energy use of the proposed design, which is not an allowed-ofid@elow are several

common reasons foa high UMLHA

a) The thermostat scheduledo not align with theschedulesassociated wittHVAC system
operation, occupant schedules, miscellaneous equipment schedules, outside air ventilation
schedulesand2 6 KSNJ a OKSRdz Sa 2F 2LISN)IGA2y GKIFG O2d#Z R
loads in the thermal block.

b) The inputs for internal gains, occupaitsd outside air ventilatiorare unreasonable and
inconsistent with the intended operation of the building.

¢) The simulated operation dhe controls associated withrimary or secondary heating or cooling
equipment (pumps, coils, boilers, etc.pist of alignment with the heating and cooling
requirements of the building

d) Inadequate equipment capacity in the proposed design
Example The specified equipment may be intentionally undgredto achieve higher part load
performance, resulting in unmet loads duriegtremeconditions. In this case, thmodeled
thermostat setpointsshould be adjustetb ensure that theUMLHin the proposed design are
within the required limitsOnce such the thermostat schedule is established, it must be
modeled the same in the baseline/budget and proposed designs.

3. Example okxtenuating circumstances thataybe considerednclude the following

a) Number of UMLKbeyond the allowed limit
Reviewemay judgea submittal with 350 UMLEl(that exceed the800limit by 50 hours}o be
acceptable, but rejech submittal with 800 UMLBl(that exceed the800limit by 500 hours)

b) Floor area of thehermal blocksvherethe UMLHs occur
Reviewemaychoose toaccepta submittal withhighUMLHKsin a 100 f2 thermal block (e.g. a
stairwell) but rejecta submittal withhighUMLHs in the zones that account for a notable fraction
(e.g. over 5%)f the overall conditioned floor area.

¢) How far theindoortemperatures drop or rises outside of the acceptable range.
For examplethe AHJ may acceptsubmital if the actual zone temperatures durirggn UMLH is
one or two degrees outside of the throttling range, but reject submittals with larger
discrepancies, for example if during the UMLH the temperature in the thermal block is 60F
compared toa 70F heating setpoint.

Reviewemay request additional simulation reports to substantiétte explanatiors provided by
the modeler.
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SG® The number of unmet load hours reported in the Compliance Formeflects

simulation results.

Review Tips

1. Review simulation reports listed below to confirm that the number of unmet load hours reported in
the compliance form is aligned with the simulation reports.

eQUEST BER SSR, S®), LSC, CSV Space Loads Report

TraneTRACEOQOO | Energy Cost Budget/PRM Summary, LEED Summary Section 1.3
TraneTRACE 3D | LEED Summary report Section 1.3

Plus
IESVE SOFTWAKR PRM Compliance Report, ECB Compliance RegieRM Report, IECC
Compliance Repgrtynmet Hours Report

EnergyPlus SLX dzadof ®KGYE W[ 995 {-dzAdVisoNMe3sades LI2 N
OpenStudio SL dzadof oKGYE W[ 995 {-AAdvisonBesages L2 )
CarrierHAPV5 OLEED Summatryeport, Sction2 éMinimum Energy Performance Calculator
GloftS GAGESR alyYSih [21FRaév

Design Builder LEED Minimum Energy Performance CalculatBED Summary report

SG®-B,SGO9P Energy use reported in the Compliance Form matches simulation reports
Review Tips

PRM and ECB compliance is established based on the simulation outputs for the baseline (budget) and
proposed designTheCompliance Form allowaodelersto copy results from the standard simulation
output reportsgenerated by the supported modeling todfgo the designated areas to awjmopulate

the template with the simulation results, to avoid mistakes from manual data tranBéforming this

check should involve the following:

a) Confirm that electricity (kwh) and natural gas (Therm) use for the baseline/budget design
reported in the Compliance Calculations tab of the compliance form matches the submitted
simulation reports.

b) Confirm that the total baseline/budget design energy cost reported in the Compliance
Calculations tab matches the submitted simulation reports.

c) Confirm that electricity (kwh) and natural gas (Therm) use for the proposed design reported in
the Compliance Calculations tab matches the submitted simulation reports.

d) Confirm that the total proposed energy cost reported in the Compliance Calculations tab
matches the submitted simulation reports.

e) Spotcheck electricity and gas use for individual end uses reported in the compliance form
versus simulation reports.

eQUEST Reports| ESD, BEPS
TraneTRACEOO | LEED Summary Section 1.4
Trane TRACE 3D | LEED Summary report

Plus
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IESVE SOFTWAR PRM Compliance Report, ECB Compliance Report, BPRM, Regart

Compliance RepaorEnergy Model Output Report

EnergyPlus SLX dzadof ®KGYE W[ 995 {-dA&nerhyNBsOSuN®Bani? N

OpenStudio SLX dzadof ®KGYE W[ 995 {-dA&nerhyNBsOSuN®Bani? N

Carrier HAPV5 |&d[ 995 { dzYYlI NB£é¢ NBLR NI {SOGAZ2Y

H 2

GAGE SR at SNF2NXIyOS wliAy3a 9y&NBHe@
t SNF2NXYIyOS wliAy3da aSGiK2R [/ 2YLX ALy

Design Builder LEED Summary ReportEinergyPlu®utput SummaryDocument

S@A0-P Site Energy Use Intensity (EUI) of thproposed designis generally consistent with
the selected benchmark

Review Tips

1.

and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

Refer t090.1 2022 Section G3.3 Performance Calculations for Other Alterdionetes of caution

The benchmarks are selected in Table 4 of the Energy Performance Summary tab in the Compliance
Form.See #6 in thd@ypes of Review Chechection for additional informatiorilable6 of the Energy
Performance Summary tab shows the modeled EUI versus the EUI of the selected benchmark
Verify the following
a.

If the default benchmark in Table 4 of the Energy Performance Summary tab is overwritten,

verify that an appropriate option is selectgdhe overwritten defaults are shown in brown

font.)

If the default values in columns Talfief the Energy Performance Summary tab, the

G! OOSLIitoftS 5AFFSNBYOS . ST2NB v/ Cftl 3¢
that the entered values arjistified. (The overwritten defaults are shown in brown font.
Question results if the difference between the modeled EUI and the benchmaiik EUI
outsidethe acceptable limitsProposed EUI that is below the benchmark is of especial
concern as itnay indicate inappropriate simulation assumptions or modeling mistakes that

result inoverly optimisticnodeledenergy usef the proposed design

Higherdeviations may be justified by projespecificcircumstances, for example if project

02t dzy

aims to significantly exceed code and patrticipates in a utility incentive program or pursues
LEED or passive house certificatimrhave significantly longer operating hours that the

benchmark

S@A0-B Ste Energy Use Intensity (EUI) of the budgébaseline designs generally
consistent with the selected benchmark

Review Tips

1.

and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).
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Refer t090.1 2022 Section G3.3 Performance Calculations for Other Alterdoom®tes of caution

The benchmarks are selected in Table 4 of the Energy Performance Summary tab in the Compliance
Form.See #6 in thd@ypes of Review Checéesction for additional information. Tableof the Energy
Performance Summary tab shows the modeled EUI versus the EUI of the selected benchmark.
Verify the following



a. If the default benchmark in Table 4 of the Energy Performance Summary tab is overwritten,
verify that an appropriate option is selectgdhe overwritten defaults are shown in brown
font.)

b. If the default valusin columns Tabl& of the Energy Performance Summary téie
G! O0OSLIitotS 5AFFSNBYOS . ST 2axdvemitterCdonfiiné 02 f dzy
that the entered valus arejustified. (The overwritten defaults are shown in brown font.

c. Question results if the difference between the modeled EUI and the benchmark EUI is
outsideof the acceptable limitBaseline/budgeEUI that imbovethe benchmark is of
especial concern asmay indicate inappropriate simulation assumptions or modeling
mistakes thatresult inoverlyinefficient/lenient baseline/budget energy use.

d. Higherdeviations may be justified by projespecific conditiong, for example, if project
involves a school building that is occupied yeaund compare to a benchmark school
occupied only during the school year.

S@A1-PModeled interior lighting energy useof the proposed desigris generally consistent
with the selected benchmark with the difference less than set threshold.
Review Tips
1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterdibometes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).
2.LF GKS RSF¥lLdA G ©OFftdzSa Ay ¢l16fS p 2F GKS 9ySNHe& t
.S8ST2NB v/ Cfl 3¢ O2fdzyryasz (GKS AGLYGSNAZ2NI [ATKIGAYyTE
values argustified. (The overwritten defaults are shown in brown font.
3. 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. See #6 ihyihes of Review Checks
section for the default value#\ proposedEUI that is significantly below the benchmark is of
especial concern asrtay indicate inappropriate simulation assumptions or modeling mistakes that
result inoptimistic lighting energy use in the proposed design.
4. Commonreasons and possiblaistakes
a. Lighting wattage too high/low
b. Lighting runtime hours are too high/low
c. Savings from occupancy sensors and daylighting are too high/low

S@A1-B Modeled interior lighting energy use in thebaseline/budget design is generally

consistent with the selected benchmark, with difference less thasetthreshold

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterddonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. LF GKS RSTFILdA G O fdSa Ay O2ftdzyya ¢lotsS ¢ 2F (KS
SATFSNBYOS . ST2NB v/ Cfl 3¢ O2fdzvryazr GKS daLYyGdSNR:
entered values argustified. (The overwritten defaults are shown in brown font.

3. 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. See #6 inyihes of Review Checks

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 42



section for the default valuesBaseline/budgeEUI that is significantlyigher thanthe benchmark is
of especial concern asritay indicate inappropriate simulation assumptions or modeling mistakes
that result inoverly inefficient/lenient baseline/budget design
4. Commonreasons and possiblaistakes
a. Lighting wattage too high/low
b. Lighting runtime hours are too high/low
c. Savings from occupancy sensors and daylighting are too high/low

SG12P,SG2-B Modeled energy use intensity of the miscellaneousnd process loadsn the

baseline/budget design isgenerally consistent with the selected benchmarkwith the

difference less than the set threshold

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterddonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. LT GKS RSTFldzZA G @1 fdsSa Ay Oz2fdzyya ¢lFo6fS ¢ 2F (GKS
BATFSNBYOS . SF2NB v/ Cftl 3¢ O2ftdzvyas GKS aLydSNR:
entered values are justifiedThe overwritten defaults are shown in brown fontSee #6 in the
Types of Review Checsection for the default values.

3. 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. Baseline/budget EUI that is significantly
higher than the benchmark is of especial concerrt agaly indicate inappropriate simulation
assumptions or modeling mistakes thasult inoverly inefficient/lenient baseline/budget design.
However, it may be justified by differencein operating conditions (e.g. longer than typical
operating hours), or ifferences in building use. For example, hotels with dining facilities will have
highermiscellaneous equipmeriUI than hotels without restaurants.

4. Commonreasons and possiblaistakes

a. Unrealisticmiscellaneous equipment loadmpact HVAC end uses. For example,
unrealistically lowoadsreduceinternal heat gais, over-estimatingheating energy use and
magnifying thampact of any heatingelated tradeoffs (.g.,savings from high
performance heating system in the proposed deki@n the other handgooling energy use
is lower than expected minimizingenalty fromcoolingrelated deficiencies in the proposed
design, such as whatonomizeiis notspecified

S@A3-P,SG13B Modeled heating energy use in the proposed and baseline/budget design is
generally consistent with the selected benchmarkwith the difference less than the set
threshold
Review Tips
1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterddonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).
2. If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the
ol aStAYySkodzRISG0E GKS a! OOSLIi | o ShceHeatirgg SNB § OIS NS S 1
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4.

overwritten, confirm that the entered values are justifiedhg oveswritten defaults are shown in

brown font) See #6 in th@ypes of Review Checsaction for the default values.

Question results if the difference between the modeled heating EUI and the benchmark EUI is

outside thelimits set on the Energy Performance Summary tatcept wherheating energy uses

low in both the benchmark and the model, such as for projects in the climate zones with the

minimal heating. Focus on the following:

a. Proposed EUI that significantly lower than the benchmark is of especial concemags it
indicate inappropriate simulation assumptions or modeling mistakesrémtlt inoverly
optimistic heating energy use in the proposed design.

b. Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as it
may indicate inappropriate simulation assumptions or modeling mistakesd¢isatt inoverly
inefficient/lenientheating in thebaseline/budget design.

Commornreasons omistakes that may result in unrealistically high/low heating energy use intensity

include the following
a. Thermal properties of the envelope are not established or modeled correctly

b. Infiltration rate is too high/low

c. Window to wall ratio (WWR) is higher (lower) than typical for the building type

d. Internal heat gains from lighting, appliances, or plug loads are too low/high

e. Excessive simultaneous heating/cooling (simulation outputs show high heating use during
summer months, leading to high heating EUI)

f. Modeled ventilation rate is too high/low

g. Heating efficiency is too low/high

h. Heating thermostat setpoints are too high/low

S@A4-P,SG14B Modeled cooling energy use in the proposed and baseline/budget desiign
generally consistent with the selected benchmarkwith the difference less than the set

threshold

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterddonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the
0FaStAySkodzZRISG0OX GKS a! OOSLIiIotS 5AFFSNBYyOS
overwritten, confirm that the entered values are justifiedhg oveswritten defaults are shown in
brown font) See #6 in th@ypes of Review Checésction for the default values.

5. Question results if the difference between the modeled cooling EUI and the benchmark EUI is

outside the limits sebn the Energy Performance Summary tab, except when the end use is low in
both the benchmark and the model, such as for projects in the climate zones with the minimal
heating. Focus on the following:
a. Proposed EUI that significantly lower than the benchmark is of especial concemas it
indicate inappropriate simulation assumptions or modeling mistakesrémtlt inoverly
optimistic cooling energy use in the proposed design.
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b.

Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as it
may indicate inappropriate simulation assumptions or modeling mistakegd¢isatt inoverly
inefficient/lenient cooling energy use in the baseline/budget design.

3. Commonreasons omistakes that may result in unrealistically high/loaolingenergy use intensity

a.

oo

@~ o

Fenestration SHGC is too high/low

WWR significantly higher (lower) than typical

Internal heat gains from lighting, appliances, or plug loads are too high/low

Excessive simultaneous heating/cooling (simulation outputs show high cooling use during winter
months, leading to high cooling EUI)

Modeled ventilation rate is too high/low

Baseline cooling efficiency is too low/high

Modeled heating thermostat setpoints are too low/high

Economizer not modeled or modeled incorrectly

S@A5-P,SG15B Modeled HVAC fans energy use in the in the proposed and baseline/budget

designis generally consistent with the selected benchmarkwith the difference less than

the set threshold

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterdtionstes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the
o AaStAYySkodzRISG0EZ GKS a! OOSLIiFofS 5AFFSNBYOS
overwritten, confirm that the entered values are justifiedhg oveswritten defaults are shown in
brown font) See #6 in th@ypes of Review Checssction for the default values.

3. Question results if the difference between the modeled fan EUI and the benchmark EUI is outside
the limitsset on the Energy Performance Summary. faticus on the following:

a.

Proposed EUI that significantly lower than the benchmark is of especial concemas it

indicate inappropriate simulation assumptions or modeling mistakesrdgtlt inoverly

optimistic fan energy use in the proposed design.

Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as it
may indicate inappropriate simulation assumptions or modeling mistakesd¢isatt inoverly
inefficient/lenient fan energy use in the baseline/budget design.

4. Commonreasons omistakes that may result in unrealistically high/low fan energy use intensity:

a.

®ao0o

Fans are not modeled explicitly (low EUI)

Fans modeled and reported as process or miscellaneous load (low EUI)

Exhaust or DOAS fans are modeled in addition to the baseline allowance (high baseline EUI)
Project includes parking garage with exhaust fans

Flow controls are not properly modeled (e.g. high EUI if Constant Volume (CV) instead of
Variable Air Volume (VAV) control was modeled)

Minimum flow rates on VAV systems are set too high/low
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S@A6-P,SG16B Modeled HVAC pumps energy use in the proposed and baseline/budget
designis generally consistent with the selected benchmarkwith the difference less than
the set threshold

Review Tips

1.

Refer t090.1 2022 Section G3.3 Performance Calculations for Other Alterdtionstes of caution

and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the

o aStAYySkodzRISG0E GKS a! OOSLIiFoftS 5AFFSNBYOS

overwritten, confirm that the entered values are justified@he overwritten defaults are shown in

brown font) See #6 in th@ypes of Review Checésction for the default values.

Question results if the difference between the modefagnmp EUI and the benchmark EéHlceeds

the limits.Focus on the following:

a. Proposed EUI that significantly lower than the benchmark is of especial concemags it
indicate inappropriate simulation assumptions or modeling mistakesrdgtlt inoverly
optimistic pump energy use in the proposed design.

b. Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as it
may indicate inappropriate simulation assumptions or modeling mistakesd¢isatt inoverly
inefficient/lenient pump energy use in the baseline/budget design.

This check is optional because the difference in pump energy use between the model and the

benchmark is often due to difference in the HVAC system type. For example, the model may include

geothermal or watessource heat pump or chilled/hot water system \ehihe benchmark may have
heating/cooling provided by DX systems with gas furnaces.

Commorreasons omistakes that may result in unrealistically high/lpwmpenergy use intensity:

a. Hot or chilled water loopsire modeledwith constant flow (threeway valves) instead of variable
flow (two-way valves).

b. Hot water loop is modeled as operating ygaund instead of only during heating season, which
is often the case for buildings such as multifamily.

S@A7-P,SG17B Modeled heat rejection energy use in the proposed and baseline/budget
designis generally consistent with the selected benchmarkwith the difference less than
the set threshold

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterdonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the
0FaStAySkodzZRISG0OX GKS a! OOSLIiFotS 5AFFSNBYyOS
overwritten, confirm that the entered values are justifiedhg overwritten defaults are shown in
brown font) See #6 in th@ypes of Review Checésction for the default values.

3. Question results if the difference between the modelesht rejectionEUI and the benchmark EUI

exceeds the set limit$ocus on the following:
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a. Proposed EUI that significantly lower than the benchmark is of especial concemags it
indicate inappropriate simulation assumptions or modeling mistakesrémtlt inoverly
optimistic heat rejection energy use in the proposed design.

b. Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as it
may indicate inappropriate simulation assumptions or modeling mistakeséisatt inoverly
inefficient/lenient heat rejection in the baseline/budget design.

4. This check is optional because the differenckeat rejectionenergy use between the model and

the benchmark is often due to difference in the HVAC system type. For example, the model may

includecooling towers whilelte benchmark may have heating/cooling provided by DX systems with

energy associated with heat rejection reported under cooling end use

S@A8-B,SA8-P Modeledservice water heatingenergy use in thebaseline/budget and

proposed designis generally consistent with the selected benchmarkwith the difference

less than the set threshold

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterddonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the
o AaStAYySkodzRISG0E GKS a! OOSLIiFofS 5AFFSNBYOS
row are overwritten, confirm that the entered values are justifieth€ overwritten defaults are
shown in brown fon).See #6 in th@ypes of Review Checsaction for the default values.

3. Question results if the difference between the modetstvice water heatingUI and the
benchmarkexceeds the set limit§ocus on the following:

a. Proposed EUI that significantly lower than the benchmark is of especial concemas it
indicate inappropriate simulation assumptions or modeling mistakesrdgtlt inoverly
optimistic service water heating energy use in the proposed design.

b. Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as
it may indicate inappropriate simulation assumptions or modeling mistakegdisatt in
overly inefficient/lenient service water heating energy use in the baseline/budget design.

4. Commonreasons andnistakes that may result in unrealistically high/leervice water heating
energy use:

a. Hot water demand too high/low

b. Water heater efficiency too low/high

S@A9-P,SGA9-B Modeled elevator energy use in the baseline/budget and proposed design

is generally consistent with the selected benchmark, with the difference less than the set

threshold.

Review Tips

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterdonetes of caution
and tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. If the default values in Table 6 of the Energy Performance Summary tab (Table 5 for the
0FaStAySkodzZRISG0OX GKS a! OOSLIiFotS 5AFFSNBYyOS

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 47



9a0FtlIG2NEE NRg | NB 2O0SNBNRGGSY S THe dwslrktey G K I
defaults are shown in brown fontSee #6 in th@ypes of Review Checsaction for the default
values.
3. Question results if the difference between the modeled elevator EUI and the benchmark EUI is
outside theset limits Focus on the following
a. Proposed EUI that significantly lower than the benchmark is of especial concemags it
indicate inappropriate simulation assumptions or modeling mistakesregtlt inoverly
optimisticelevatorenergy use in the proposed design.
b. Baseline/budget EUI that is significantly higher than the benchmark is of especial concern as
it may indicate inappropriate simulation assumptions or modeling mistakegdisatt in
overly inefficient/lenientelevatorenergy use in the baseline/budget design.

Projects that have more stories or longer operating hours than the selected benchmark may
justifiably have higher elevator energy use.

4. Common mistakes that may result in unrealistically high/&@vatorenergy use:
a) Unrealistically high/low modeled elevator runtime hours

S@0 Complianceoutcomeis established correctly

90.1 2016/2019ECB

Sectionll.2: The energy cost of the proposed design (design energy cost) must not exceed the energy
cost budget. Botlthe design energy cost arttie energy cost budget must be based on the completed
simulationsandmay include adjustments based on exceptional calculation methods.

90.1 2022 ECB

Section 122: The energy cost of the proposed design (design energy cost) must not exceed the energy
cost budgetadijusted for the energy credits required (ECreq) for the building in accordance with Section
11.5.1 and adjustetbr if the projectincludes additions or alterationSee the equation shown below

for clarity.Boththe design energy cost arttie energy cost budget must be based on the completed
simulationsandmay include adjustments based on exceptional calculation methods.

Design EnerggostK 9 yGostBudget x [EECreq/1000 x Aadij]

Aadj = where the project includes additions or alterations use an adjustment factor as follows; otherwise
use 1.0: Addition Gross Floor AreigAlteration Gross Floor AraViodeled gross floor area

90.1 2016and 2019 PRM
Section4.2.1.1c: The section includes the methodology for calculating the Performance Cost Index

N

Target (PCITORS Y2y 2 i NI S O2YLX Al yOSs (KS LidBaBEB8&Qa t SNF:

ratio of the proposed energy cost to the baseline energy aosstnot exceedhe PCltThe PCIt
calculation requires separating thaseline energy cost into the baseline building regulated energy cost
(BBREC) and the baseline building unregulated energy cost (B&lidnents Regulatecenergycost

is calclated by multiplying the total baselirenergycost by the ratio othe regulated energy usto the
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total energyuse for eachiuel type. Unregulatedenergycost is calculated by subtracting regulated
energycost from totalenergycost.

Section 3regulated energy usis defined agnergy used by building systems and components with
requirementsprescribed in Sections 5 through 10. This includes energy used for HVAC, Igghtiiug
water heating, motors, transformers, vertical transportation, refrigeration equipmentyputerroom
cooling equipment, and other building systems, components,@ondesses with requirements
prescribed in Sections 5 through 10.

90.1 2022 PRM

Section4.2.1.1c hasrequirementssimilarto Section4.2.1.1c summarized abovevith some new
additions includinghat the PCIt calculation requires accounting thoe prescriptive orsite renewable
energy requirements iSection 10.5.1lalterations that meet the criteria in Section G3.1.4¢aply a
multiplier of 1.05to the building performance factors (BPFs) in 90.1 Table 4.2.1.1 when determining
PCIt andall other alterationg(i.e., Minor alterationsyubject t090.1Section G3.3 use BPF indtead of
the BPFs i80.1 Table 4.2.1.When determining PCIt

Review Tips
Energy Cost Budget Method
90.1 2016 and 2019
1. The calculation is automated in the Compliance Calculations tab of the Compliance Form based
on the simulation results for thbudgetand proposed design.

90.1 2022

1. Thecompliancecalculation is automatedn the Compliance Calculations taeithe Compliance
Form based on the simulation results for the budget and proposed dds@mever,submitters
need to populatgl K S LINBeR)pateditenquirements per Section 11.5Able 6 on the
Compliance Calculations tab in the Compliance Form is designed to facilitate this process and for
submitters to report the required energy creditdany values in Table 6 auto populate, manual
overrides are shown in bold orange, 8w (G KS S E LJ Reas$oni(s) BryOvekrigderii KS &
Energy Credit Requirements/Adjustmefits T2 NJ @ €t ARAG& AF Yl ydzaft 2@SN

Harizontal Projection of Avallable Roof Ares (RA..)| 1990
P Availability Adjustment Factor| 0542

Acea - weightad Average Credit Reauirement <0
Section 122 A 0555
Energy Credit Requirement v Section 122 A 23

~  Renewable Energy ||Resllisfromequest| Compliance Calculations  Energy Performance Summary  Quality Control Checks  Submittal+Mand, Req. Checklists Scratch

= = m = m L
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Performance Ratindg/lethod
90.1 20162019and 2022
1. The PCI and PCIt calculations are automated in the Compliance Calculations tab of the
Compliance form based ohe simulation results for the baseline and proposed design.
However, the compliance outcome is strongly influenced by whetheb#seline energy cost is
properly separated inteegulated BBREJCand unregulatedgBUELcomponentsthus the
review should focus on verifying thtte regulated versus unregulated loads are identified
correctly on the Compliance Calculations tab.
2. Reporting regulated load as unregulated makes Appendix G less stringent. Review Table 2 of the
Compliance Tab to verify that regulated loads are not erroneously listed as unregdihted.
table has default regulated/unregulated assignments for common end uses. Review any over
GNRGGSY RSTFldAf 6G& 60GKSAS gAft 0SS aKz2gy Ay ONRBGY
Below are examples of loads unregulated loads.
1 Transformers except lowoltage drytype transformers included in Section 8.4.4.
1 Plugin equipment including but not limited to residential kitchen appliances, consumer and
office electronic systems.
9 Industrial process equipment with no requirements in 90.1.
9 Lighting subject to the exceptions 90.1 Section 9.1.1 including the emergency lighting that is
automatically off during normal building operation, lighting that is specifically designated as
required by a health or life safety statute, ordinance, or retiolaand decorative gas
lighting systems.
3. Gommon mistakesnvolving reporting regulated loads as unregulated include the following
a. 9t SPOIG2NI SYSNEHe A& AyOftdzZRSR Ay (GKS dzyNB3IdzA | G
ASLI NI GSfe NBLRNISR Fa | NB3IdAFGSR f2FR dzyRS
b. t I NJAy3 3IFNF3IS Flyad INB y2i -NBENRNJFSRIF KNI BB A d:
use. (Such fans have requirements in Section 6.4.3.4.5 and must thus be treated as
regulated.)
c. Energy use of miscellaneous motors covered in 90.1 Section 10 is included under
dzy NS 3dzf SR daAalOd 9ljdzZALIYSyidé¢ OFGSI2NR AyadasS
get credit for exceeding the required efficiency in accordance with Table G3.1 #12.)

Utility Rate (UR)

Overview of the Utility Rate Checks

Utility Rate checks verify that utility rates from the approved source were used for all applicable fuels,
that the required supporting information is included in the submittal, and that modeling inputs and
outputs reflect the reported rate structur@.able4 summarizes the checks included in the Utility Rates
section This group of checks may be skipped if project documents compliance using unit other than
energy cost, such as site or source energy or emissions, which may be allowed by some rating
authorities and jurisdictions.
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Table4: Utility Rates Checks Overview

Baseline/
Proposed| Budget
Type of Check Design Design
CF inputs reflect design documents URO1 NA
Utility Rates Simulation outputs consistent with CF | UR02 URO02
Simulation inputs consistent with CF | UR03 URO3

LEGEND

PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of the
Compliance Form

URO1The utility rate for electricity, natural gas and otherapplicable energy sources are
basedon the approved source

90.1 2016 and 2019/2022 ECB

11.4.3.212.4.3.2 Theratesfor purchased energgsuch as electricity, gas, oil, propane, stezaml
chilled water) must be approved by tiA¢HJ

90.1 2016and 20192022 PRM

Section G2.4.2Either the actual rates fggurchased energgr state averagenergyprices published by
U.S.Energy Information Administration (EIA) for commerbigildingcustomers may be usk but rates
from different sources may not be mixed in the saproject.

Review Tips
1. All fuels applicable to the baseline/budget or proposed design must be listed on the Energy Sources
tab of the Compliance Form. Table 1 includes the list of fuels and description of utility rates for each.

2l 2] 2| 2]
Energy
Consumption | Demand
Energy Type Units Units Utility Rate Type
Electricity kWh kW Fixed Rates per unit of consumption
Natural Gas therm kBtu/hr Fixed Rates per unit of consumption

The fee structures for each fuel is further described in TabkesPthe Energy Sources tab. Table 2

is used for reporting rates that have uniform charges, Table 3 for time of user charges, Table 4 for
block chargesThese tables also list Source of Data for each rate which may include Actual Rates, EIA
Rates or Other.

Seazon

Erergy
Erergy Tupe Consumption
Uitz

Demand Manthly Meter

Units Start Date Erd Date Charge #!Urit Demand #Unit Ensray
[#iMonth]
Electricity I'w'h k' Jarm-01 Dec-31 $25.0 nia $0.135 Actual Rates
Matural Gas therm kBituthe Jan-01 Dec-31 $32.0 nia #1131 Actual Rates

Source of Data

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 51



2. With the EIA option, the most recent annual average rates for electricity and natural gas published
at the EIA website should be used. These rates are readily available and are simple usage charges
such as $/kwh.

3. The actual rates may be more challenging to establish for a new construction pegesveral
different rate classeand choice o&lectricity suppliersnay apply The actual rates may also be
harderto model as they often include block charges, time of use charges, demand charges, ratchet
clauses, etc. However, using the actual rates makes models more representative of the post
occupancy energy costs and allows capturing impact of electricity dearashtime of use on
compliancelf actual utility rates are used on the project, the supporting information should be
included in the submittal (Submittal Checklist #7), such as rate description from the utility company.

The United Illuminating Company
General Service Time-of- Day Rate GST
Applies throughout the Company’s Service Area.
Availability:
“Sen'ice under this rate is optional for all requirements on a Customer’s Premises sssbsimme———""—""—___

[ine equinment

Transmission Charge (Non Demand)

On- Peak Off-Peak
Winter: Jan. — May 6.0172¢/kWhr 0.0000¢/kWhr
Oct. —Dec. 6.0172¢/kKWhr 0.0000¢/kKWhr
Summer: June — Sept. 7.5215¢/kWhr 0.0000¢/kKWhr
Transmission Charge (Demand)
On-Peak Off-Peak
Winter: Jan. — May $  697kW $0.00/ KW
Oct. — Dec. $  697kW $0.00/kW
Summer: June — Sept. $ 871kW $0.00/kW

Distribution Charges:

URO02The difference between the averagévirtual) modeled budgetbaseline and proposed
utility rates for electricity, natural gas and other applicable energy sources are as expected.
Review Tips
1. Background
The average annual rate, often referred to as the virtual rate, is calculated for each fuel as the ratio
of the annual fuel consumption to the annual fuel cost. For example, if the simulation output reports
show that the baseline annual electricity use veé@9,150 kWh and the annual electricity cost was
$76,370, the virtual electricity rate 6,370/ 509,15&Wh=0.15 $/kWh.

For projects that used EIA rates or the actual rates with fixed usage charges (e.g. $/kWh, $/Therm)
and no demand, time of use, or block charges, the virtual rate is expected to be the same for the
budget/baseline and the proposed design and match the raported on the Energy Sources tab of
the Compliance Form. For projects that use more complex utility rate structures, virtual rates may
differ between the budget/baseline and proposed design. For example, the virtual electricity rate for
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the proposed design may be lower than for the budget (baseline) design if the proposed design
reduces the peak demand and the modeled electricity rates include demand charges.

2. Virtual utility rates for the budget/baseline and proposed design that are not equal for projects with
simple utility rate structures or differ by more than 5% for projects with complex utility rate
structures, should be flagged.

URO03The modeledutility rate sfor electricity, natural gas and otherfuels applicable to the
project are as reportedin the Compliance Form and are the same in the baseline/budget
and proposed design model.
Review Tips
1. Review snulation input and output reports to confirm that the utility rate structure described in the
submittal was properly modeled. This QC check should be performed if UR02 chemkifesiisad
of UR02

eQUEST Reports| ESD, ESE, ESF
TraneTRACEOQOO | Library Members entered values report Utility rates section for utility rate ing
Monthly Energy Consumption and Monthly Utility Cost reports for consumpt
and cost output

TraneTRACE 3D | Site Consumption Summary report for energy consumption for each fuel an
Plus Economic and Life Cycle Costs Summary report for consumption costs for €
fuel
IESVE SOFTWAR Energy Model Output Report, PRM Compliance Report, ECB Compliance R
BPRM RepoftASHRAE 962016 PCI Report
EnergyPlus SLX dzadof ®KGYE We¢lF NAFTF wSLER2NIQ NB LK
OpensStudio
CarrierHAPV5 G9f SOGNRO wliGS LyLdziaéds acCdzSt awliid §
5SGFAf&aéd NBLRNIZ 3ISYSNIrGSR o6& SyS)
Design Builder Utility: Tariffs sections iinput Data file (.idf)

Building Envelope (BE)

Overview of the Building Envelope Checks

Building Envelopgroup of checks addresses above and below grealés and floorsroof, fenestration,
infiltration, building orientation and exterior and interior shadifigble5 summarizes the checks
included in this group.

For 90.1 2022 PRH#lterations subject to G3.@.e., Minor alterations)the summary tables on the

Quality Control Checks tab in the Compliance Form may not reflect correct values for the baseline since
projects for the most part only enter proposed design information and provide notes as to what was
modeled in the baseline in the notes fields associated with the proposed design related Rddfiessto

the 90.1 2022 Section G3.3 Performance Calculations for Other Altersgation for more information
regarding 90.1 2022 G3.3.
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Table5: Building Envelope Checks Overview

Baseline/Budget

Check Type Proposed Design | Design
CF inputs reflect design documents BEO1P NA
Abovegrade | CF inputs reflect requirements BCB/PRM | NA BEO1B
wall Simulation inputs consistent with CF BEO6P BEO6B
Simulation outputs consistent with CF BE19 BE19
CF inputs reflect design documents BEO2P NA
Belowgrade | CF inputs reflect requirements BCB/PRM | NA BEO2B
Walls Simulation inputs consistent with CF BEO7P BEO7B
Simulation outputs consistent with CF BE19 BE19
CF inputs reflect design documents BEO3P, BE11P NA
Roof CF inputs reflect requirements BCB/PRM | NA BEO3B, BE1B
Simulation inputs consistent with CF BEO8P, BE1P BEO8B, BE1B
Simulation outputs consistent with CF BE19 BE19
CF inputs reflect design documents BEO4P NA
: CF inputs reflect requirements BCB/PRM | NA BE04B
Exterior Floor , . : ,
Simulation inputs consistent with CF BEOQO9P BEO9B
Simulation outputs consistent with CF BE19 BE19
CF inputs reflect design documents BEO5P NA
CF inputs reflect requirements BCB/PRM | NA BEO5B
Slabon Grade [—; . : ,
Simulation inputs consistent with CF BE16P BE1GB
Simulation outputs consistent with CF BE19P BE19
CF inputs reflect design documents BE13B, BE15B NA
Fenestration CF inputs reflect requirements BCB/PRM | NA BE13P, BE15P
Simulation inputs consistent with CF BE14P, BE16° BE14B, BE18
Simulation outputs consistent with CF BE19 BE19
CF inputs reflect design documents BE17P NA
Infiltration CF inputs reflect requirements BCB/PRM | NA BE17B
Simulation inputs consistent with CF BE18P BE18B
Simulation outputs consistent with CF BE19 BE19
CF inputs reflect design documents BE26P NA
Orientation CF inputs reflect requirements BICB/PRM | NA BE206B
Simulation inputs consistent with CF BE21P BE21B
) ] CF inputs reflect design documents BE22P NA
Interé%rgiﬁenor CF inputs reflect requirements BCB/PRM | NA BE22B
J Simulation inputs consistent with CF BE23P BE23B
All Components | CF inputs reflect requirements of ECB/PR| BE24P NA

LEGEND

Form

PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of ti®mpliance
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The following strategies may be used to prioritize the review:

1. Checks related to slab on grade flo@asd below grade walls amaore important forlow-rise
buildings €.9.,5 floors or lessyvhere HVAC energy use is enveleg@minated such as in
multifamily, hotels motels, dormitories and scha®IFor other types oprojects,it may be spot
checked or skipped.

2. Focus on verifying constructions that account for the largest surface area anatkpok the
rest. For thee selectedonstructionsperform all types of checks listed Table5. To facilitate
prioritization based on surface area, tRuality ControlChecks tab of the Compliance Form
includes a table showing the three constructions accounting for the largest area within each
surface type (exterior wall, roof, floor, etc.)

3. The eview of fenestratiorshould similarly focus on window products accounting for the largest
area. Refer to the table on the Quality Control Checks tab, Building Envelope section for the
fenestration types sorted by area.

4. Roofand exterior walteflectance has higherimpact in coolingdominated climates such as
Climate Zones-@ and may be spethecked or skipped for projects in other climate zones.

5. Interior and exterior shading hashigher impact in coolinglominated climates such as Climate
Zones & and may be spethecked or skipped for projects in other climate zones.

BEO1-B Thermal properties of the baseline/budget abovegrade walls are established
correctly.
See BEOB for section references and review tips as they are analogous for all opaque assemblies.

BEO02B Thermal properties of the baseline/budget belowgrade walls are established
correctly.
See BEOB for section references and review tips as they are analogous for all opaque assemblies.

BEO3-B Thermal properties of the baseline/budget roof are established correctly.
See BEOB for section references and review tips as they are analogous for all opaque assemblies.

BEO4-B Thermal properties of the baseline/budget exterior floors are established

correctly.
See BEOB for section references and review tips as they are analogous for all opaque assemblies.

BEO5-B Thermal properties of the baseline/budget slabon-grade floor are established
correctly.

90.1 2016 and 201€CB

Table 11.5.#5a3 Column BThe gaque assemblies, such as roof, floors, damgwallsmustbe
modeledwith the sameheat capacitythe same constructiorgs the proposed building desigmdthe
U-factors in 90.1Section5.5 for new buildings or additiorend90.1Section5.1.3(5.1.4 in 90.1 202Zpr
alterations. When tradeoffs are made between an addition and an existing building as described in the
exception toSection 4.2.1.2the envelopen the budgetbuilding desigmmustreflect existing conditions
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prior to anyretrofits that are part of tle permit. Unconditioned envelope components must be modeled
with the same properties as specified in the proposed design.

90.1 2022 ECB

12.5.1#5a, Column Bhassimilar requirements td@able 11.5.1#5a, ColumndBscribed above. However,
90.1 2022 specifically includes requirements for adjusting above grade sfiadtdds in the budget

model to account for linear thermal bridges and point thermal bridd@s5.1 #5b, Column BYhere

linear thermal bridges and point thermal bridges, as identified in Sections 5.5.5.1 through 5.5.5.5, are
included in the proposed design, they must be modeled by adjusting #aetdr of the parent assembly

in accordance with the default valuesSection A10. If the proposed desigredmot have linear

thermal bridges and point thermal bridges, as identified in Sections 5.5.5.1 through 5.5.5.5, they do not
have to be modeled in the budget building design. If the balcony length in the proposed design exceeds
the maximum allowed by Seotis 5.5.5.2.2, the area must be reduced proportionally for each balcony
until the limit set in Sections 5.5.5.2.2 is met

90.1 2016and 2019 PRM

Table G3.1 #5BaselineBuilding Performance columrOpaque assembliesf new buildings, existing
buildings, or additions shall conforwith assemblies detailed 0.1 AppendixA andmatch the
appropriate assembly maximumfdctors in90.1Tables G34 through G3.48:

w w2 Bsblation entirely above decR(@.1 SectiorA2.2).
w | ogea@eSvalls Steelframed ©0.1 Sectiorh3.3).
w . Sgfadegwvalls Concrete block90.1 Sectior\4).
w Cft Bteeldst 90.1 SectiorA5.3).

w {-dngrade floors shall match thef&ctor forunheated slabs from the same tabl&9)(1 Section
AB).

Unconditioned envelope components must be modeled in the baseline with the same properties as
specified in the proposed design.

90.1 2022PRM

G3.2 New Construction/Major Alterations

Requirements aresimilar to 90.1 2016 and 2019 PRM requirements described aBovadditionis that

the process oéstablishing the space conditioning category was clarified ih 2022.Table G3.1 #5b,
Baseline Building Performance colun@mace conditioning categories used to determine applicability of
the envelope requirements in Tables G3.¢hrough G3.48 shall be the same astine proposed design.

Exception: Envelope components of the HVAC zones that are semiheated in the proposed design must
meet conditioned envelope requirements in Tables GBtArough G3.48 if, based on the sizing runs,

these zones are served by a baseline system with seribleng output capacityb Btu/h-fi2 of floor

area, or with heating output capacity greater than or equal to the criteria in Table9;8#that are

indirectly conditioned spaces.
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G323 Minor Alterations

Theopaque assembligsicluded in the scope of retrofit for alterations subject to 92022 G3.3i.e.,
minor alterations not meeting G3.1.4a) shall be modeled witfattors meeting the requirements in
Section 5.4 (seeerrata sheet for ANSI/ASHRAE/IES STANDARROR2for correction from 5.1.3 to
5.14) asprescribedn 90.1Section G3.3.2.3

Review Tips

1. Baseline/budget ssembly U/F/C factors aguto populatedn Table 1 of the Envelope Areas tab of
the Compliance Forrased on thespace conditioning categories specified by the ushus, the
review should focus on verifying that theliilding envelopeonditioning categories are established
correctly, with the focus orthe abovegrade exterior wallshat account for the greatest aredThe
ranking of exterior walls by area is shown in the Quality Controls Checks tab, Building Envelope (BE)
area Refer t090.1 2022 Section G3.3 Performance Calculations for Other Alterdtiotips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2| 7 2| 2]
L - _— Proposed Design Baseline Design ASHRAE 90.1 Prescriptive
Modeled Construction | o EXSting | Building Area Type (for ~ [puilding Envelope = !
o Remain, or | Appendix G Projects Only, | Orientation | Conditioning H Solar Assembly U/F/C-
Name ' Solar Reflectance/
Retrofitted 90.1 Section 63.1.1-1) Category Net Area, f¢® | Plans / Specs /4 f/ Assembly U/F/C- Reflectance/ | Factor per 90.1 Thermal
Net Area, e Factor Thermal Tables 5.5-1 )
Emittance
Emittance through 5.5-8
SOGFL Other Horizontal i i 8,436 A-301 | F-0.73 n/a F-0.52
AGW1 Other North idential 3,606 A-301 U-0.064 0.25/0.9 U-0.064 n/a
AGWL Other East idential 9,881 A-301 U-0.064 0.25/09 U-0.064 n/a
AGW1 Other South idential 3,606 A201 U-0.064 0.25/09 U-0.064 n/a
AGW1 Other West idential 9,881 A-301 U-0.064 0.25/09 U-0.064 n/a
AGW2 Retail (stand alone) North Nonresidential 2,498 A-302 U-0.124 025/0.9 U-0.064 n/a
AGW2 Retail (stand alone) East Nonresidential 2,736 A302 U-0.124 025/0.9 U-0.064 n/a
S e rp— r— 7 —— T e

The selectiorshouldrbéi bésed on the following criteria:

1
)l

Residential surface bounds residential space rangt beclassified as exterior building envelope
Nonresidential surface bounds nonresidential space and is classified as exterior building
envelope

Semiheated surface is classifiedsasiexterior building envelope

All other surfaces are classified aganditioned

90.1 Section 3Residential vs nowresidential spaces

T

Residential spaces ated LI OS&a Ay o0dzZAf RAy3& dzaASR LINAYI NR € &
spaces include, but are not limited to, dwelling units, hotel/motel guest rooms, dormitories,

nursing homes, patient rooms in hospitals, lodging houses, fraternity/sorority houssg|$,0
LINAR&2yas FYyR FANB aidl dA2yaoé

All otherenclosedspaces are classified asn-residential.

Unenclosed spaces include crawlspaces, attics, and parking garages with natural or mechanical
ventilation and are treated as exterior when determining applicable envelope requirements.

90.1 Section &nd Figure 5.5.2Exterior vs semexterior building envelope

1

Exterior Building Envelope: the elements dfudldingthat separae conditioned spacefom
the exterior
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1 Semiexterior Building Envelopéie elements of &uildingthat separateconditioned space
from unconditioned spacer that enclosesemiheated spacefrough which thermaenergy
may be transferred to or from the exterior, to or frommconditioned space®r to or from
conditioned spaces
1 Spaces may be classified as conditioned (cooled, heating or indirectly conditioned), semiheated,
unconditioned or unenclosed. See definitiontloé space in 90.1 Section 3 for more details.

1 Common examples of conditioned spaces include afficlassrooms, hotel guestrooms, etc.
Common examples of semiheated spaces include storage areas.
2. For 90.1 2022 EGBojects budget assembly U factors accounting for linear and point thermal

bridging are manually entered in Table 1 of the Envelope Areas tab Gfdimpliance Forrin the
column labeled UtatThe Submittal Checklist on the Submittal+Mand.Req. Checklisis the
Compliance Formequeststhat the submitter providesupportingdocumentationalculationsn
accordance with the default values in 90.1 2022 Sectionfé@stablishinghe Utot values
modeled in the budget design mod&onfirm that thesupporting documentatiorgalculationdJtot
values align witlthe valuesenteredin Table land that values were established in in accordance
with the default values in Section Aldote that dterations other than additions are exempt from

thermal bridging requirements according to Standard 92022 Section 5.5.5 exception #6.
2| 7| o 2]

Budget Design ASHRAE 90.1 Prescriptive Requirement

Proposed Design

New, Existing |  Building Area Type (for Building Envelope
toRemain, or | Appendix G Projects Only, | Orientation | Conditioning H
Retrofitted 90.1 Section G2.1.1-1) Category

Modeled Construction

Name / Assembly U/F/C- ﬂ Solar Assembly U/F/C-

Solar Reflectance/
Factor (Populates| Reflectance/ | Factor per 90.1
Utot. Thermal
Uclearfield for Thermal Tables 5.5-1

AGWs) Emittance through 5.5-8

Net Area, ft* | Plans / Specs /
Emittance

SOGFL New Horizontal i i 8,436 A-301 F-0.52 n/a n/a F-0.52 n/a

AGW1 New North idential 3,606 A-301 U-0.064 0.100 0.3/0.9 U-0.064 n/a
AGW1 New East idential 9,881 A-301 U-0.064 0.100 0.3/0.9 U-0.064 n/a
AGW1 New South idential 3,606 A-301 U-0.064 0.100 0.3/0.9 U-0.064 n/a
AGW1 New West idential 9,881 A-301 U-0.064 0.100 0.3/0.9 U-0.064 n/a
AGW2 New North i i 2,498 A-302 U-0.064 0.100 0.3/0.9 U-0.064 n/a

AGW2 New East i { 2,736 A-302 U-0.064 0.100 0.3/0.9 U-0.064 n/a

ExampleBEO5B
(This specific example applies to 90.1 2022 ECB budget designs only)
A 33,000 square foot,-4tory multifamily building includes thermal bridging due to brick shelf angle

cladding support, a parapet that follows the entire perimeter of the roof, and wall to vertical
fenestration intersections. Below ishéghtlevelgraphical depiction showinigpe location ofthese
thermal bridges. The length of the parapet would equal the perimeter of the buidivgg it runs

along the edge of the roothe brick shelf angles run continuously along the perimeter once per
floor so the total linear length would be the perimeter of the building multiplied staties and

the length of the wall to vertical fenestration would be the sum of the perimeter of each window as
depicted with the yellow lines around the perimeter of the window shown in the graphic below.
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Parapet

Brick shelf angle

Wall to vertical
fenestration
intersection

The design team needs to quiify the length of each linear thermal bridge as measured on the
outside surface of the building envelope (Li) and the number of occurrences of each type of point
thermal bridge (ni)Below; outlined in redjs an example of the minimum information needed to
determine the budget Hactor to model for example assembly EMThis process would need to be
completed for all above grade wall assemblieémject teams can use the built functionality in
Comcheck for 90.1 2022 to cpiete and document these calculations.

Uo
Assembly Proposed Uo
ID Class of Construction Design [Prescriptive Atotal
Steel framed and metal buildings 0.055 0.064 13,294
Meets
EW-1 Prescriptive
Thermal Bridge Type Li ni Requirements?

Cladding support 1,162.0 0 Yes

Parapet 415.0 0 No

Wall to vertical fenestration intersection | 1,387.2 0 Yes

The budget Utot is calculated using equation 90.1 2022 A10.2 which is sli@etly below.

:uzu I d06H-A P [A0 B O6H.Z P YBUGK!GZﬂl'fO b

Where

Utot = overall thermal transmittance, including the effect of linear thermal bridges and point
thermal bridges not included in the construction assemblyfator, Btu/(h-fé-°F)

Uo = clearfield thermal transmittance of the construction assembly as determineh
90.1 2022 Tabk5.5, 08 based on the proposed design assembly fygte/(h-fE-°F)

Atotal = total opaque projected surface area of the construction assemBly, ft

A = psifactor, thermal transmittance for each type of linear thermal bridigen 90.1

HAHH ¢F06fS ! mn OBUWBBEESFL dzf G O2f dzYy
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Li = length of a particular linear thermal bridge as measured on the outside surface of the
building envelope, ft

. A = chifactor, thermal transmittance for each detail type of point thermal bridigen
bnd®mM HAHH ¢l o0fS I Btui(PW) G¢5SFl dzf ¢ O2f dzyy
ni = number of occurrences a particular type of point thermal bridge

Below, outlined in red, shows the Ractor fromboth the Unmitigated column and the Default
column from90.1 2022Table A10.1left valueis unmitigated and right is defaultfhe chifactors
are not shown because they are not applicable to the thermal bridging types shown in the table.

Uo
Assembly Proposed Uo
1D Class of Construction Design |Prescriptive Atotal
Steel framed and metal buildings 0.055 0.064 13,294
Unmitigated/
Meets Default Psi-Factor,
e Prescriptive | Btu/(h-ft-°F) per
Thermal Bridge Type Li ni Requirements?| Table A10.1
Cladding support 1,162.0 0 Yes 0.314/0.217
Parapet 415.0 0 Mo 0.289/0.151
Wall to vertical fenestration intersection | 1,387.2 1] Yes 0.262/0.112

Using equation A10.2 the Utot required to be modeled in the budget design model is calculated as
follows:

Utot budget for EWL = 0.064 4(1,162 ft * 0.217Btu/(h-ft-°F) + (415 ft* 0151 Btu/(h-ft-°F) +
(1,387.2 ft * 0112 Btu/(h-ft-°F)}/13,294 f2 =0.064 + 0.0353 = 0.09®u/(h-f2-°F)

Below is an exapie format forcompletedocumentation/supporting calculation$hese

calculations would need to be submitted for each above grade wall assembly. Tlaetons are not
shown because they are not applicable to the thermal bridging types shown in the table. For this
reviewcheck the proposed design related columns can be igndegject teams can use the built

in functionality in Comcheck for 90.1 2022 to complete and document these calculations.
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Calculated per Equation 90.1 2022 A10.2

Utot Proposed
Using Actual
Uo Default or Utot Budget using
Assembly Proposed Uo Unmitigated Psi and | Default Values Only
1D Class of Construction Design | Prescriptive Atotal Chi Factors and Uo Prescriptive
Steel framed and metal buildings 0.055 0.064 13,294 0.095 0.099
Proposed Design Unmitigated/
Meets Psi-Factor, Default Psi-Factor,
S Prescriptive Btu/(h-ft-°F) per Btu/(h-ft-°F) per
Thermal Bridge Type Li ni Requirements? Table A10.1 Table A10.1
Cladding support 1,162.0 0 Yes 0.217 0.314/0.217
Parapet 415.0 0 No 0.289 0.289/0.151
Wall to vertical fenestration intersection | 1,387.2 0 Yes 0.112 0.262/0.112

For this review check spot chettle calculations for alignment with 90.1 2022 equation A10.2 and
compae Li and ni inputs to design documents to ensure they have been captured correctly in the
calculations.

Common Mistakes
a. Floors of conditioned spaces adjacent to garages must be treated as exterior surfaces when

establishing the baseline floortalue as garages are considered-@mnclosed spaces

b. Treatingthe envelopeof residential spaces in neresidential buildings as neresidential
envelope. For example, even thougbspitals areconsidered norresidential building type,
patient rooms are used primarily for living and sleeping, and are thus residential spaces.

BEO1-P Thermal properties of the exterior walls in the proposed design are established

correctly.

90.1 2016 and 2019 ECB
Table 11.5.1 #5 Column A
All components of théuilding envelopén the proposed desigmust be modeled as shown on
architectural drawings or as installed fexisting building envelopeény building envelope assembly
that covers less than 5% of the total area of that assembly type (e.g., exterior wallshoiceel
separately described. If not separately described, the area of a building envelope assembly must be
added to the area of the adjacent assembly of that same type.

90.1 2022 ECB
Requirements oTable 12.5.1 #5 Columnake similar toTable 11.5.1 #5 Columnafove except for the
addition of the following.

All linear thermal bridge and point thermal bridge as identified in Section 5.5.5 must be modeled using
either of the following techniques:

1 Separate model of each of these assemblies withinethergysimulation model.
1 Adjustment of the cleafield U-factor in accordance with Section A10.2.
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All uninsulated assemblies (e.qg., projecting balconies, perimeter edges of intermfoiatstabs,
concretefloor beams over parking garagespf parapet) must be separately modeled using either of
the following techniques:

1 Separate model of each of these assemblies withinethergysimulation model.

1 Separate calculation of thé-factor for each of these assemblies. Thdactorsof these assemblies
are then averaged with larger adjacent surfaces using anmasighted average method. This
averageU-factoris modeled within theenergysimulation model.

90.1 2016and 2019 PRM

Table G3.1 #5 (a), Proposed Building Performance column

All components of théuilding envelopén the proposed desigmust be modeled as shown on
architectural drawings or as built fexisting building envelopes

All uninsulated assemblies (e.g., projecting balconies, perimeter edges of intermiolatstabs,
concretefloor beams over parking garagespf parapet) must be separately modeled using either of
the following technigues:

1 Separate model of each of these assemblies withinetergysimulation model.

1 Separate calculation of thé-factor for each of these assemblies. Thdactorsof these assemblies
are then averaged with larger adjacent surfaces using amasighted average method. This
averageU-factoris modeled within theenergysimulation model.

Any otherbuilding envelopeassembly that covers less than 5% of the total area of that assembly type
(e.g.,exterior wall§ need not be separately described, provided that it is similar to an assembly being
modeled. If not separately described, the area diudding envelopeassembly must be added to the
area of an assembly of that same type with the samientationand thermal properties.

90.1 2022PRM
Requirements are similar 0.1 2016 and 201PRMTable G3.1 #5 (a), Proposed Building Performance
columnrequirementsaboveexcept for the additiorof the following.

All linear thermal bridge and point thermal bridge as identified in Section 5.5.5 must be modeled using
either of the following techniques:

1 Separate model of each of these assemblies withinetergysimulation model
1 Adjustment of the cleafield U-factor in accordance with Section A10.2.

Review Tips

1. Locate constructions selected fire review in the design documents based on the reference
provided for that construction ithe Plans/Specs column of Table 1 in the Proposed Envelope
Assemblies tab of the Compliance fofmote that some columns may be hatched out and table
headings may vary depending on the applicable version of90ck requirements differ across
vintages. Focus the review on constructions that account for the highest wall area, as shown in the
table in the Building Envelope (BE) saciof the Quality Control Check tab.
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2 2 2 2 2]
Effective U/F/C-
Modeled Construction Type ; . Rated R-Value | Rated R-Value | Factor of Cont +
X Detailed Description 4 X 5

Construction | Surface Type of Cavity | of Continuous Cav Insulation Total R-value of Uclearfield
Name Legend: AGW = Above Grade Wall Insulation Insulation Based on 90.1 App Materials in Addition Applies to Techn

A to Cont. and Cav. | Above Grade

Insulation (If Any) | Walls Only

Slab-On-Grad F-0.300, Table
SOGFL ab-tnbrade Unheated Unheated - Fully insulated slab 0 15 ) Tevle
Floor A6.3.1-1

. U-0.026, Table
Roof1 Roof Insulation Entirely above Deck Insulation Entirely above Deck 0 39 22,23 n/a n/a

n/a n/a

Above-Grade . U-0.057, Table Ad
AGW1 . Steel-Framed 16 Inch on Center with a 6.0 Inch Depth (Steel-Frame) 19 85 n/a 0.057
Exterior Wall A3.3.3.1

2. Verify thatthe description of the construction provided in thable reflects design document§he
location in the design documents where construction is described is included in the last column of
Table 1 in the Proposed Envelope Assemblies tab of the Compliance Form shown above.

3. Verify that the value reportedid a 2 RSt S-RI D@2 N LYy Of dZRAY3 LydGd yR 9
established correctly. (See Common Mistakes section.)

For 90.1 20222RM and EQ@ojects the proposedassembly U factorare required toaccount for

linear and point thermabridging,so Uclearfieldneedsto be deratedandthe resultant deratedJ-

Tl OG 2N Sy Wssl& R/CatsctoririGdingiInt. and Ext. Air FAm O2 t dzYy ® | Of S| NF
SYGSNBR Ay GKS a! di¢lctenrl brifdes(90.1 SecliodAy sirebeleménts bf blJ

building envelope assembly that are distributed over the area of the assembly and addressed in
determining the thermal performancef the assembly in accordance with Normative Appendix A

(i.e., Ufactors determined from AppendixtAblesare considered Uclearfield and need to be

adjusted for linear and point thermal bridging)

The Submittal Checklist on the Submittal+Mand.Req. Checklists tab in the Compliance Form

requeststhat the submitter provide supporting documentation/calculatidios the modeled U

factorsthat account for linear and point thermal bridgin@onfirm that the supporting
documentation/calculations align with tHd-factor values entered in Table F Adjustment of the

clearfield Ufactor in accordance with Section A16.2 ¢ I & a St $edhhi§ue to Capturé KS &

Linear and Point Thermal Bridgingplumn,verify that values were established in in accordance

with Section A10.2f A separate model of the assembly within the energy simulation moudas'

aSt SOGSR Ay G(GKS a¢CSOKYyAIldzS G2 /1 LIGdZNBE [ AYySENI | yF
Areas tab Table 1 to confirm that the reported Net Area for such assemblies is appropriate.

ExampleBEO1P: Project that is adjusting the cleafield U-factor in accordance with Section A10.2
See Example BE®Sfor description of example project, assembly, and assembly thermal bridges.
The same assembly and set of thermal bridges are used for this example.

Like in Example BE® the design team needs to quantify the length of each linear thermal bridge
as measured on the outside surface of the building envelope (Li) and the number of occurrences of
each type of point thermal bridge (ni). Below is an example of the minimum infaymageded to
determine theproposedU-factor to model(Utot) for example assembly EXV This process would

need to be completed for all above grade wall assembitegject teams can use the buitt

functionality in Comcheck for091 2022 to complete and document these calculations.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 63



Uo
Assembly Proposed
1D Class of Construction Design Atotal
Steel framed and metal buildings 0.055 13,294
Meets 90.1
5.5.5
Prescriptive
EW-1 . . . .
Thermal Bridge Type Li ni Requirements?
Cladding support 1,162.0 0 Yes
Parapet 415.0 0 No
Wall to vertical fenestration intersection | 1,387.2 0 Yes

TheproposedUtot is calculated using equation 90.1 2022 A10.2 which is shown directly below.
G20 ' 9wOH-A R [A0 b O6H.2 PR y206k! iG20lf0 b ! 2Y

Where

Utot = overall thermal transmittance, including the effect of linear thermal bridges and point
thermal bridges not included in the construction assemblyfator, Btu/(h-fé-°F)

Uo = clearfield thermal transmittance of the construction assembly as determined
accordance with Section Btu/(h-f£-°F)

Atotal = total opaque projected surface area of the construction assemBly, ft

- A = psifactor, thermal transmittance for each type of linear thermal bridigen 90.1
2022 Table A10.Trhe default column shall be used where the thermal bridge meets
90.1 Section 5.5.prescriptiverequirements. The unmitigated column shall be used
where the thermal bridge does not meet the prescriptive requiremersu/(h-ft-°F)

Li = length of a particular linear thermal bridge as measured on the outside surface of the
building envelope, ft

. A = chifactor, thermal transmittance for each detail type of point thermal bridigen
90.1 2022 Table A1Q.TThe default column shall be used where the thermal bridge
meets 90.1 Section 5.5.5 prescriptive requirements. The unmitigated column shall be
used where the thermal bridge does not meet the prescriptive requiremgeBts/(h-°F)

ni = number of occurrences a particular type of point thermal bridge

¢ K $ropgosed Design PBactor, Btu/(h-ft-°F) per Table A16.1 O 2 i theYgyaphidelow shows

the Psifactorused in the calculation of Utot for the proposed design for this example assentiidy.

is determined based owhetherthe specifiedhermal bridgng mitigationtechniques (if any are
specified)meet the prescriptive requirements i80.1 Sectiorb.5.5.1f the specifiedthermal briddng
mitigationtechniquesdo not meet prescriptiveequirementsthen the unmitigated column in Table
A10.1 must baised.For reference only K S & ! y YA G A 3 |-Ea&dR Bt6/® F-PFRreniTable a A
I Mmn ®mé béhodv§hdmshoth the Unmitigatedand Default columis from 90.1 2022Table A10.1

(left value is unmitigated and right is defaulfhe chifactors are not shown because they are not
applicable to the thermal bridging types shown in the table.
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Uo
Assembly Proposed
1D Class of Construction Design Atotal
Steel framed and metal buildings 0.055 13,294
Meets 90.1 | Proposed Design Unmitigated/
555 Psi-Factor, Default Psi-Factor,
— Prescriptive | Btu/(h-ft-°F) per | Btu/(h-ft-°F) per
Thermal Bridge Type Li ni | Requirements? Table A10.1 Table A10.1
Cladding support 1,162.0 0 Yes 0.217 0.314/0.217
Parapet 415.0 0 No 0.289 0.289/0.151
Wall to vertical fenestration intersection | 1,387.2 0 Yes 0.112 0.262/0.112

Using equation A10.2 theroposedUtot required to be modeled in thproposeddesign modefor
this example assemblyg calculated as follows:

Utot proposedfor EW1 = 0.5+ [(1,162 ft * 0.21Btu/(h-ft-°F) + (415 ft* 0289 Btu/(h-ft-°F) +
(1,387.2 ft * 0.11Btu/(h-ft-°F)]/13,294 f£ = 0.365 + 0.0353 = 096 Btu/(h-ft*-°F)

Below is an example format for complete documentation/supporting calculations. These
calculations would need to be submitted for each above grade wall assembly. Tlaetons are not
shown because they are not applicable to the thermal bridging typeastio the table Project

teams can use the builh functionality in Comcheck for 90.1 2022 to complete and document these
calculations.

90.12022 A10.2
Utot Proposed Using
Uo Actual Default or
Assembly Proposed Unmitigated Psi and Chi
1D Class of Construction Design Atotal Factors
Steel framed and metal buildings 0.055 13,294 0.095
Meets 90.1 Unmitigated/
5.5.5 Proposed Design Psi- |Default Psi-Factor,
e Prescriptive | Factor, Btu/(h-ft-°F) per | Btu/(h-ft-°F) per
Thermal Bridge Type Li ni | Requirements? Table A10.1 Table A10.1
Cladding support 1,162.0 0 Yes 0.217 0.314/0.217
Parapet 415.0 0 No 0.289 0.289/0.151
Wall to vertical fenestration intersection | 1,387.2 0 Yes 0.112 0.262/0.112

Fot check the calculations for alignment with 90.1 2022 equation At0pare Li and ni inputs
to design documentsand verify that the project complies with prescriptive thermal bridging
mitigation requirements in Section 5.5/heredefault psi and chi factors are used

Review architectural details drawing to identify if project includes any uninsulated asesrabth

asprojecting balconies, perimeter edges of intermediate floor stabs, concrete floor beams over
parking garageandroof parapes (for 90.1 2022 projects many of theseyalready be captured as

linear and/or point thermal bridged) L ¥
laaSyotASake

02t dzvy

02

0KIF G

LINB&ASYy sz achicludesalniRsSidtes R
O2y TANY

with the appropriateadjustment to overall Hactor (based on areaveighted averagedr reported

as separate constructiotf. separately reported, refer to Envelope Areas tab Table 1 to confirm that

the reported Net Area for such assemblies is appropriate.
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5. Common Mistakes
a. The overalassemblyJ-value is established without accounting fdearfield thermal bridging,
as required by 90.1 Section 5.5.3. For example, a steel framed wall assemblylBithdlation
Ay (GKS wmcé¢ 2y OSy i SRroatinuBls insumtiid madt feTepddied@d Wi @ I+ Yy R

TABLE A3.3.3.1 Assembly U-Factors for Steel-Frame Walls /

5 . Cavity Overall U-Factor for Assembly of Base Wall Plus Continuous Insulation {Uninterrupted by Framing)
Framing o §
Iype and Insulation Overall ) . .
) (4 ¢ R-Value: U-Factor Rated R-Value of Continuous Insulation
Spacing -

. Rated for Entire
Width ) .
(Actual (Effective | Base Wall N _ o N
/ Installed [see | Assembly R-1.00 R-2.00 R-3.00 R-4.00 R-5.00 R-6.00 R-7.00 R-8.00 R-9.00 R-10.00 R-11.00 R-12.00 R-13.00 R-14.00
Depth) | Tapie A9.2B1) ‘

Steel Framing at 16 in. on Center

None (0.0} 0352 0260 0207 0.146 0128 0.113 0102 0092 0084 0078 0072 0067 0063 0.0
15in R-11 [5.51]— i3 17 00 0.087 0.080 0074 0069 0.064 0.060 0057 0054 0051 0049
depth R-13 (6.0) 0124 0111 0100 0091 0083 0077 0071 0.066 0062 0059 0055 0052 0050 0048
R-15(6.4) 0118 0106 009 0087 0.080 0.074 0069 0.065 0.06]

oo Q09 0.09 0L .

b. For tapered roof insulation, the-\dalue should be based dhe areaweighted average f¥alue
for the varying insulatiothicknessd 8 SS { I yRI NR dpndém Hnanmc | aSNRa
Weighted Averages)

c. For 90.1 2022 projects, failure to account for linear and point thermal bridging following the
requirements for the ECB and PRM.

BEO2-P Thermal properties of the proposed belowgrade walls are established correctly.
Review Tips

1. The QC check may be skipped for projects with small bglae wall area.

2. See BEOP for additional tips.

BEO3-P Thermal properties of the proposed roof are established correctly.

Review Tips
See BEOP for additional tips.

BEO4-P Thermal properties of the proposed exterior floors are established correctly.

Review Tips

1. Majority of projects that include garage on lower floors are expected to have this surface type as
garages are typically classified asantlosed spaces (which is equivalent to ambient conditions for
envelope compliance purposes) and the floor separagiagge from conditions spaces above
should be insulated appropriately.

2. See BEOP for additional tips.

BEO5-P Thermal properties of the proposed slaton-grade floor are established correctly.

Review Tips
1. Unlessaproject includesa portionof the building over conditioned spacesd.,floors 310 of a
building that has conditioned"2floor), it isexpected to havexposed floors, slabn-grade, or
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below-grade walls. (Slab below gradees nothave to be reported). If neither of these surfaces are
included in theComplianceForm, a comment should be made to request that missing surfaces are
reported in the Compliance Form and modeled.

2. See BEOP for additional tips.

BEOG6-B, BEO6-P Modeled U-factors and areas of thébaseline/budget and proposedabove-
grade walls are as reported in the Compliance Form.
Review Tips
1. Use simulation reports teerify thatmodeled Ufactors and areas of the exterior watksflect the
values reported in the Complian€®m. The reported values are located in the following tables
within the Compliance Form:
a. Baseline/budget desigable 1 in the Envelope Areas tab
b. Proposed DesigTable 1 in the Proposed Envelope Assemblies tab.
2. Focus on constructions that account fbe largest above grade wall aréased on the table in the
Building Envelope section of the Quality Control Checks tab
3. Small deviations (e.g. up to 3#gtween the value reported in the Compliance Form and simulation
output reportsmay beaccepted as it is often due to the contribution of the exterior air film. The
prescriptive Ufactors included in 90.1 Section 5 are based on the exterior air fibales listed in
90.1 Appendix A (e.g.;®R17 for roof constructions), whikkimulationtools may determine it
dynamically based otie hourly weather conditions.

eQUEST Reports| LMD

TraneTRACEOO | Building UValues, Building Areas
Trane TRACE 3D| Envelope Summary report

Plus
IESVE SOFTWAKR Room Loads Report, Zone Loads Re@ystem Loads Report, ModellT Model
Report, BPRM Report

EnergyPlus SLX dzadof ®KGYT WOy @St 21IS {dzyYYlF NEQ N
OpenStudio SLX dzadof ®KGYT WOy @St 21IS {dzyYYlF NBEQ N
Carrier HAPV5  [{ dzNF I OS ! NBFayY a[ 995 {dzYYl NE wSL}R2N\
t SNF2NXYI YOS /I fO0dA FG2NET GFofS GAIf
I NBI a¢
Wall Assembly & I £ dzSY a2+ tf [/ 2yaiNHzOGA 2y a:
Design Builder Opagque Exteriofablein Output SummaryDocument

BEO7-B, BEO7-P Modeled Gfactors and areas of the baseline/budgeind proposedbelow-
grade walls are as reported in the Compliance Form.
1. Use simulation reports to verify that modeleef&&tors and areas of the belegrade walls reflect
the values reported in the Compliance For. The reported values are located in the following tables
within the Compliance Form:
a. Baseline/budget desigimable 1 in the Envelope Areas tab.
b. Proposed DesigTable 1 in the Proposed Envelope Assemblies tab.
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2. Focus on constructions that account for the largest below grade wall area based on the table in the

Building Envelope section of the Quality Control Checks tab.
3. The QC cheakay be skippedor projectswith relatively small area of belograde walls.

eQUEST Reports

LvD

TraneTRACEOQO

Building UValues, Building Areas

Trane TRACE 3D
Plus

Envelope Summary report

IESVE SOFTWAR

Room Loads Report, Zone Loads Re@ystem Loads Report, ModellT Model
Report, BPRM Report

EnergyPlus

SLY dzadof oKGYE WOy @St 21LIS {dzYYlI NEQ

OpensStudio

SLY dzadof dKGYE WOy @St 21LIS {dzYYlI NBEQ

Carrier HAP v5

21 ff YR w22F {dz2NFIOS ! NBIFAY d&[ 995
9YSNH& t SNF2NXIYyOS /I fOdAfFG2NEZ G}
DfEFTAy3a ! NBI aé

Wall Assembly & | £ dzSY a2 Fff /2y adNHzOUGA2Y &4

Design Builder

Opaque ExterioTablein Output Summanpbocument

BEO08B, BEO8P Modeled U-factors and areas of the baseline/budgeand proposedroof are
as reported in the Compliance Form.
1. Use simulation reports to verify that modeledfattors and areas of the roof reflect the values

reported in the Compliance For. The reported values are located in the following tables within the

Compliance Form:
a. Baseline/budget desigrmable 1 in the Envelope Areas tab.
b. Proposed DesigTable 1 in the Proposed Envelope Assemblies tab.
2. Focus on constructions that account for the largest roof area based on the table in the Building
Envelope section of the Quality Control Checks tab.

eQUEST Reports

LD

TraneTRACEOO

Building UValues, Building Areas

Trane TRACE 3D
Plus

Envelope Summary report

IESVE SOFTWAF

Room Loads Report, Zone Loads Re@ystem Loads Report, ModellT Model
Report, BPRM Report

EnergyPlus

SLX dzadof PKGYE WOy@St2L38 {dzYYlI NEQ |

OpensStudio

SLX dzadof PKGYE WOy@St2L38 {dzYYlI NEQ |

Carrier HAP v5

2}ttt YR w22F {dz2NFIFOS ! NBlFaY a[ 995
9y SNH& t SNF2NXIyOS /I £ OdzfA  G2NES G
DfEITAY3 | NBI a¢

Roof Assemblyd I £ dzZSY aw22F / 2y aidNHzOUGA2Y & ¢

Design Builder

Opaque Exteriofablein Output Summanpbocument
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BEO09-B, BEO9-P Modeled U-factors and areas of the baseline/budget floor is as reported in

the Compliance Form.

1. Use simulation reports to verify that modeledfattors and areas of the floor reflect the values
reported in the Compliance For. The reported values are located in the following tables within the
Compliance Form:

a. Baseline/budget desigrmable 1 in the Envelope Areas tab.
b. Proposed Desigmable 1 in the Proposed Envelope Assemblies tab.

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

eQUEST Reports | LVD

TraneTRACEOO | Building UValues, Building Areas
Trane TRACE 3D| Envelope Summary report

Plus
IESVE SOFTWAR Room Loads Report, Zone Loads Re@ystem Loads Report, ModellT Model
Report, BPRM Report

EnergyPlus SL dzadof oKGYE WOy @St 21LIS {dzYYlI NBEQ
OpenStudio SL dzadof oKGYE WOy @St 21LIS {dzYYlI NBEQ )
Carrier HAP v5 | Exposed Floor AreaandtJl f dzSY & { LI OS Ly Ldzi 51 @
Design Builder Opaque ExterioTablein Output Summarnpocument

BEL0-B, BE10-B P Modeled F-factors and areas of the baseline/budget slalon-grade are as

reported in the Compliance Form.

1. Use simulation reports to verify that modeledfattors and areas of the floor reflect the values
reported in the Compliance For. The reported values are located in the following tables within the
Compliance Form:

a. Baseline/budget desigimable 1 in the Envelope Areas tab.
b. Proposed DesigTable 1 in the Proposed Envelope Assemblies tab.

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

3. The QC check may be skipped for projects invobirilglings oves floors.

eQUEST Reports | LV\D

TraneTRACEOO | Building UValues, Building Areas
Trane TRACE 3D | Envelope Summary report

Plus
IESVE SOFTWAR Room Loads Report, Zone Loads Re@ystem Loads Report, ModellT Model
Report, BPRM Report

EnergyPlus SLY dzadof dKGYE WOy @St 21LIS {dzYYlI NEQ
OpenStudio SL dzadof dKGYE WOy @St 21LIS {dzYYlI NEQ )
Carrier HAP v5 | Slab on Grade, Below Grade Areaar@d U f dzSY a{ LJ OS Ly LJ
Design Builder Opaque ExterioTablein Output Summarypocument
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BEL1-B Baseline/Budget roofand above grade walleflectanceand thermal emittanceare
established correctly in the Compliance Form

90.1 2016and2019ECB

Table 11.5.1 Column A No 5 (b).

The exterior roof surfaces shall beodeled with a solar reflectance and thermal emittance as required
in Section 5.5.3.1.1(a). All other roofs, including roofs exempted from the requirements in Section
5.5.3.1.1, shall be modeled the same as the proposed design.

There is ndaselinerequirement for above grade walls so thelar reflectance and thermal emittance
shouldbe modeleddentically in the budget and proposed design models.

90.1 2022 ECB
Table 2.5.1 Column A No 5 (b).

- The exterior roof surfaces shall be modeled with a solar reflectance and thermal emittance as
required in Section 5.5.3.1.4(a). All other roofs, including roofs exempted from the requirements
in Section 5.5.3.1.4, shall be modeled the same as the proposed design.

- The abovegrade wall surfaces of buildings shall be modeled with a solar reflectance and
thermal emittance as required in Section 5.5.3.2.2 and 5.5.3.2.2(a). All other-gbade walls,
including those exempt from the requirements in Section 5.5.3.2.2] bb modeled the same
as the proposed design.

90.1 2016and 2019 PRM
Table G3.1 #5 Baseline Building Performance (f) and (g)
- The exterior roof surfaces shall be modeled using a solar reflectance of 0.30 and a thermal
emittance of 0.90.
- All roof surfaces shall be modeled with a reflectivity of 0.30.

There imno baselinerequirement for above grade walls so thelar reflectance and thermal emittance
shouldbe modeleddentically in the baseline and proposed design models.

90.1 2022 PRM
G3.2 New Construction/Major Alterations
Table G3.1 #5 BasetrBuilding Performanceh] and ()
- The exterior roof surfaces shall be modeled using a solar reflectance of 0.30 and a thermal
emittance of 0.90.
- Abovegrade wall surfaces shall be modeled with a solar reflectance of 0.25 and a thermal
emittance of 0.90.

G3.3 Minor Alterations

For alterations subject to 90.1 20&2ctionG3.3(i.e.,Minor alterations)roof and above grade wall
reflectance and thermal emittancghall be modeled identically in the baseline and proposed design
models since there are no applicable prescriptive or mandatory requirements in Section 5 for
alterations.
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Review tips

1. The related properties of the ro@ind above grade wadlurfaces in the baseline/budget design are
reported on the Envelope Areas tab Tabl@ter-written values are shown in bold brown.

2. This QC check is important famojectslocated in coolingdominated climates such as Climate Zones
0-4.

BEL1-P Proposed design roodnd above grade walleflectanceand thermal emittance
reported in the Compliance Form reflect design documents

90.1 2016and 2019ECB

Table 11.5.1 Column A No 5 Exception 3.
The exterior roof surface shall be modeled using the aged solar reflectance and thermal emittance

determined in accordance with Section 5.5.3.1.1(a). Where aged test data are unavailable, the roof
surface shall be modeled with a solar reflectance 80Gnd a thermal emittance of 0.90.

90.1 2022 ECB

Table 2.5.1 Column A No 5 Exceptidn
- The exterior roof surface shall be modeled using the aged ssflactanceand thermal

emittance determined in accordance with Section 5.5.3.1.4(a). Where aged test data are
unavailable, the roof surface shall be modeled with a solar reflectance of 0.30 and a thermal
emittance of 0.90.

- The abovegrade wall surfaces difuildings shall be modeled with an initial solar reflectance and
thermal emittance determined in accordance with the test methatntified in Section
5.5.3.2.2(a). Where initial test data aneavailable, the abovgrade wall surfaces shall be
modeled witha solar reflectance of 0.25 and a thermal emittance of 0.90.

90.1 2016and 2019 PRM
Table G3.1 #ProposedBuilding Performance (a)3
The exterior roof surface shall be modeled using the aged solar reflectance and thermal emittance

determined in accordance with Section 5.5.3(4)1 Where aged test data are unavailable, the roof
surface may be modeled with a reflectance of 0.30 and a thermal emittance of 0.90.

90.1 2022 PRM
Table G3.1 #ProposedBuilding Performance (& and 8

- The exterior roof surface shall be modeled using the aged solar reflectance and thermal
emittance determined in accordanegth Section 5.5.3.1.1(a). Where aged test data are
unavailable, the roof surface may be modeled with a reflectafd®30 and a thermal
emittance of 0.90.

- The abovegrade wall surface shall be modeled using the insidér reflectance and thermal
emittance determined in accordance with the test methods identified in Section 5.5.3.2.2(a).
Where initial test data are unavailable, the wall surface may be modeled with a solar reflectance
of 0.25 and a thermal emittance 6f90.
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Review tips

1. Reflectanceand emittanceof the roofand above grade wadlurfaces in the proposed desigre
reported in the Proposed Envelope Assemblies tab, Table 1.

2. If reported reflectance/emittance differ from the default valualsove refer to design documents to
confirm the entered values or ask modeler for supporting documentation.

3. This QC check is important farojectslocated in coolinglominated climates such as Climate Zones
0-4.

BEL12-B,BE12-P Baseline/Budgetand proposed roofand above grade wallteflectanceand
thermal emittance are modeled as reported in the Compliance Form

Review Tip

Review simulation reports to verify that roahd above grade walkflectanceand thermal emittance
valueswere modeled as reported in the Compliance Form.

BE13-B Fenestration area in the baseline/budget design is established correctly

90.1 2016and 20192022 ECB

90.1 Table 11.5.1 #5 Table 2.5.1 #5d: The budget building designusthave identical exterior
dimensions as the proposed design, exaspenthe fenestration areaf the new buildings or additions
exceeds 40% of the gross exterior wall area, the budget fenestratiorisareducedoroportionally
along each exposure until the total fenestration area is equal to #8#estration must be distributed
on each face of the building in the same proportion as in the proposed design.

ExceptionWhen tradeoffs are made between an addition and an existing building, as described
in Section 4.2.1.2, the budget building design shall reflect existing conditi@ush as
fenestration areaprior to any revisias that are part of the permit.

90.1 2016and 2019 PRM

Table G3.#5Baseline Building Performance column (c) and Table G311The baseline fenestration
area depends on the Building Area Typd&able G3.1-1. For example, a 40,00 ffice buildingis
modeled with thebaselinevertical fenestration area equal to 31%thé gross above grade wall area.

For building types not specified in Table G31l,.5uch as multifamily, the baseline fenestration area
shall beequal tothat in the proposed design or 40%tbk gross aboveyrade wall area, whichever is
smaller. Fenestration must be distributed on each face of the building in the same proportion as in the
proposed design.

ExceptionThe fenestration area for an existing building shall equal the existing fenestration
area prior to the proposed work and shall be distributed on each face of the building in the
same proportions as the existing building.

90.1 2022 PRM

Table G3.#5Baseline Building Performance colume)(@nd Table G3.1:1 requirements are similar

to Table G3.1 #5 Baseline Building Performance column (c) and Table G3.dhbve excepa
clarification was added for the scenariowhichdistributing the vertical fenestration on each face of the
building in the same proportion as in the proposed design would cause the combined vertical
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fenestration and opaque door area on a given face to exceed the gross-gleme wall area on that

face. In this case, then the vertical fenestration area on other faces shall be increased in proportion to
the gross abowgrade wall area of these facescéuthat the total baseline building vertical fenestration
area is equal to that calculated following Table G311.1

Review Tips
1. Baseline/budget fenestration area by exposure and building type is shown in the Envelope Areas tab
Tables 3-5. The areas are automatically calculated by the Compliance Form by applying the
appropriate rules of 90.1 to the project, but may be oveitten by the modeler. If the default value
was overwritten, the input in the Fenestration Area?ftolumn is shown in light brown font. Over
ride may be justified for projects involving existing buildings where the baseline/budget fenestration
must reflect aregorior to retrofit or where distributing thdenestration on each face of the building
in the same proportion as in the proposed design would cause the combined vertical fenestration
and opaqgue door area on a given face to exceed the gross ajyade wall area on that fac&he
over-written values should be commented on, to request an explandfione has not already been
provided in the notes section
2. Based on the 90.1 Definition section, all aréasludingframe)that let in lighting,such asvindows,
translucentplastic panels, doors that are more than dmaf glass and glass block walls are
considered fenestration.
ExampleA multifamily project with 58,000%tgross wall area including 8,0&60f operable
windows, 5,000 ftof transparent glass block walls and 7,00®ftspandrel, has fenestration
area of 8,00Gt2 + 5,000ft? = 13,000 ft or 13,000ft%/58,000ft>=22% of gross exterior wall

BE13-P Fenestration areain the proposed desigrreported in the Compliance Form reflects
design documents

90.1 2016 and 2019/2022 ECB

Table 11.5.1 No5, Column/Aable 2.5.1 No5, Column AFenestration area must be as shown on
architectural drawings, or as installed for existing building envelopes.

90.1 2016, 2019, and 2022 PRM
Table G3.1 #3Proposed Building Performance columRenestration aga must be as shown on
architectural drawings, or as installed for existing building envelopes

Review Tips

1. The proposed fenestration area and the design documents where it can be found is reported in
Table 2of the Envelope Areas talCrosscheck fenestration areas reported in the Compliance Form
for representative orientations to confirm the alignmeunith the design documents
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ﬂ Proposed Design
S R New, Emlstlng Bmldlr'!g Area Tvpe (for . . ﬂ
— to Remain, or | Appendix G Projects Only, Orientation Building Envelope Plans / Specs
Retrofitted 90.1 Section G3.1.1-1) Conditioning Fenestration
Category Area, fi?
w1 New Other North Residential 1,943 A-301
w1 New Other East Residential 5,319 A-302
w1 New Other South Residential 1,943 A-303
w1 New Other West Residential 5,319 A-304
W2 New Retail (stand alone) East Nonresidential 4,104 A-301

BE14-B, BE14-P Modeled fenestration areas for the baseline/budgeand proposeddesign
are as reported in theCompliance Form
Review Tips
1. Use simulation reports toonfirm that themodeledfenestration area is as reported in the
Compliance Form. The reported values are found as follows:
Baseline/budget design: Envelope Areas tab Tables 3
Proposed DesigiEnvelope Areas tab Table 2

eQUEST LD

TraneTRACEOQO | Building WValues, Building Areas, Walls by Direction Entered Values report,
by Cardinal Direction entered values report

Trane TRACE 30

Plus

IESVE SOFTWA| Room Loads Report, Zone Loads Report, ModellT Model Report, BPRM Rey

EnergyPlus

OpensStudio

Carrier HAPV5 |G[ 995 {dzYYI NBEE¢ NBLRNIZ {SOGA2Yy HZ
GrotS GAGESR a! 02@0S DNIRS 21ttt |yR

Design Builder

BE15-B Baseline/budget fenestrationU-factor, SHGC and Vieported in the Compliance
Form are established correctly

90.1 2016and 2019/2022 ECB

Table 11.5.1 #5, Column' Bable 2.5.1 #5, Column Brenestration Wactorand SHGC must be based
onthe code requirements for the appropriate climate (90.4bles 5.81 to 5.58). The fenestratiorfor
envelope alterationsnustreflectthe limitations on area, #actorand SHGC adescribed irf0.1Section
5.1.3.When tradeoffs are made between aaddition and an existing buildingased or00.1Section
4.2.1.21, properties of theexistingenvelopein the budgetbuilding desigmustreflect existing
conditionsprior to anyrevisions that are part of the permiEenestration in unconditioned spaces must
be modeled as specified for the proposed design.

90.1 2016and 2019 PRM

Table G3.1 #5, Baseline Building Performance column\eijtical Fenestration Assemblies for new
buildings, existing buildingesnd additionsmust havelU-factorsand SHGC matchirige requirementsor
the appropriate climate zonm 90.1Tables G34 to 3.48. All vertical fenestration shall be assumed to
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be flush with the exterior wahindno shading projections shall be modeléianualwindow shading
devices such as blinds or shades are not required to be modedeebstration in unconditioned spaces
must be modeled in the baseline as specified for the proposed design.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Table G3.1 #5, Baseline Building Performance colufirequirements are the same dable G3.1 #5,
Baseline Building Performance columndlpvefor the 90.1 2016 and 2019 PRM

G3.3 Minor Alterations

SectionG3.3.2.4 which applies only to alteratiortiat do not meet the criteria in G3.1.4ae., Minor
alterations) prescribes thafor fenestration included in the scope of the retraftiquirements are that
the Ufactor, SHGC, and VT shall be modeled as meeting the requiremé&ustion 5.1.4seeerrata
sheet for ANSI/ASHRAE/IES STANDARR@®PPfor correction from 5.1.3 to 5.1)3

Review Tips

1. Baseline/budget fenestration-fhctor, SHGC and VT are determined automatically in the
Compliance Form based on project climate zone and space conditioning casgoaye shown in
the Envelope Areas tab TableRefer 1090.1 2022SectionG3.3PerformanceCalculations for Other
Alterationsfor review tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

BE15-P Proposed fenestration properties are established correctly

90.1 2016and 20192022 ECB

Tablel1.5.1#5 Column Arable12.5.1#5 Column AAll components of the building envelope in the
proposed building desigmustbe modeled as shown on architectural drawings or as instdtied

existing building envelopegxcept any building envelope assembly that covers less than 5% of the total
area of that assembly typg.g. vertical fenestratiomeed not be separately described. If not separately
described, thearea of that assembly must be added to the area of the@aljaassembly of that same

type and thethermaland solaproperties of the aggregated surface musflectthe areaweighted

average

90.1 20162019, and 2022°PRM

Table G3.1 #Proposed Design Colun{a): All components of the building envelope in the proposed
building designmustbe modeled as shown on architectural drawings or as instdte@xisting building
envelopes except any building envelope assembly that covers less than 5% of the total area of that
assembly typde.g.,vertical fenestrationpeed not be separately described. If not separately described,
the area of that assembly must be added to the area of the @ahiaassembly of that same type and the
thermaland solaproperties of the aggregated surface musflectthe areaweighted average

Review Tips

1. Crosscheck vertical fenestration products listed in Table 2 of the Proposed Envelope Assemblies tab
with the design documents to confirm alignmerfThe bcation of window schedules should be
apparent from Plans/Specs reference included in this tablecus the review ofenestration
productsthat account for the largest area
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2. Refer to design document referenced in Plans / Specs column for the fenestration units being

reviewed to confirm that specified-thctor, SHGC and VT align with the values reported in Table 2

of the Proposed Envelope Assemblies tab.

3. Verify that the required supporting information specified to the right of Table 2 of the Proposed

Envelope Assemblies tab is included in the submittal package.

4. Review supportinglocumentationto verify that Ufactor, SHGC and.V are established correctly

using the approved method, as described below.

9 90.1Section 5.8.2.1 requirgbat the performance othe windows and other fenestration
products including WYactor, SHGC, \a@nhdair leakage ratéde determined by a laboratory
accredited bythe National Fenestration Rating Council (NFRC) or another nationally recognized
rating authority.Fenestration LFactor must be determined in accordance with NFRC 100; SHGC
and VT must be determined in accordance with NFRC 200. Other approaches, such as AMCA, are
not allowed.

1 Default values from 90.Appendix A (e.@0.1Table A8.2or the vertical fenestrationjnust be
used for the fenestration products for which NFRC 100 and NFRC 200 test results are not
available.

I 90.1Section 5.8.2.2 requires that all manufactured and-bitét fenestration and door products
a0FdS GKS NI GSR LISNF2NXI YOS FIOG2NE SAGKSNI 2y
certificate provided with the product. If such information is not aa#a projects must use the
defaults from90.1Table A8.11.

1 The NFRC standards reference®@nl Section 5.8.2.3 require that the ratedvdlue takeinto
account properties of the entire fenestration assembly including heat loss through center of
glass, edge of glass, sasidframe elements. This requirement is often overlooked for custom
fenestration, with center of glass properties used in liduhe properties of the entire
assembly, which typically undestimates fenestration balue.

5. Confirm thatVisible Light Transmittance (VLTprsvided VLT affects savings from daylighting
controls. Fenestration with lower SHGC redusgacesolar heat gains (with positive impact on
cooling), but ofterhavelower VLT which reduces daylighting.

BE16-B, BE16-P Modeled Ufactor, SHGC and VLT of the baseline/budgahd proposed
fenestration are as reported in theCompliance Form
Review Tips
1. Use simulation reports teerify that themodeled Ufactor, SHGC and Vaie asreported in the
Compliance Fornihe reported valuesire found at the following locations:
Baseline/budget design: Table 1 in the Envelope Areas tab.
Proposed Desigable 2in the Proposed Envelope Assemblies tab
2. Focus orfenestration typeghat account for the largest area.

eQUEST Reportg LMD
TraneTRACEOQO | Building WValues, Building Areas, Walls by Direction entered values report, V
by Cardinal Direction entered values report
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Trane TRACE 30 Envelope Summary report
Plus
IESVE SOFTWA| BPRM ReporRoom Loads Report, Zone Loads Refemergy Model Output
Report, PRM Compliance Report, ECB Compliance Report

EnergyPlus SL dzadof dKGYE WOy @St 21IS {dzYYFINEQ N
OpenStudio SL dzadof oKGYE WOy @St21IS {dzYYFINEQ N
Carrier HAPV5S a2 Ay R2¢ [/ 2yaiNHzOGA2yaé wSL2NI

Design Builder | ExteriorFenestrationTablein Output Summary Document

BE17-B Baselind budget nfiltration rate reported in the Compliance Forns establishedcorrectly

90.1 2016and2019ECB
Air-leakage is not prescribedhus, it must be modeled the same in the budget and proposed design
Based on Table 11.5.1 Nol.

90.1 2022 ECB

Table 12.5.1 No 5 Column B (T)lhe air leakage rate of the building envelope (175Pa) at a pressure
differential of 75 Pa (0.30 of water) shall be 0.35 cfm/ft"2 of building envelope area and shall be
converted to appropriate units for the simulation software using the same method gsrtposed
design.

90.1 2016PRM

Table G3.Proposed Building Performance No(B): The air leakage rate of the building envelope
(175Pa) at a fixed building pressure differential of 0.3 in. of water sh@ll4efm/ft. Infiltration mustbe
modeled using the same methodology, air leakage aatgadjustments for weather and building
operation in both the proposed design and the baseline building deSlgmair leakage rate of the
building envelopenustbe converted to appropriate units for the simulation program using one of the
methodsin 90.1Section G3.1.1.4.

90.1 2019PRM

Table G3.Baseline Building Performanddo 5h): The air leakage rate of the building envelope (175Pa)
at afixed building pressure differential of 0.3 in. of water shalllb@cfm/ft2. The air leakage rate of the
building envelope shall be converted to appropriate units for the simulation progising one of the
methods in Section G3.1.1.4.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Table G3.Baseline Building Performanddo 5i): same aslable G3.1 Baseline Building Performance
No 5(h)described abovéor the 90.1 2019PRM

G3.3 Minor Alterations

SectionG3.3.2.5whichis applicable t@lterationsthat do not meet the criteria i90.1G3.1.4a,

requires that when Section 5.4.3.1.3 applies, the air leakage rate of the building envelope(I75Pa) shall be
equal to 0.35 cfm/ft of building envelope area at a pressure differential of 75 Pa (0.30 in. of water). The

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 77



air leakage rate shall be converted to appropriate units for the simulation software using the same
method as the proposed design.

Review Tipg ECB

1. 90.1 2016and 2019 Infiltration rate is not prescribedhus any reasonable rate may be modeled.
Modeling unrealistically high air leakage will exaggerate contribution of heating energy use toward
budget building performance and may skew the compliance outcémsumptions that are
substantially different from the default values shown in Table 1 of the Infiltration tab may be
guestioned if heating is one of the impactful end uses.

2. 90.1 2022The required infiltration rate at 75Pa pressure differential is automatically calculated in
Table 1 of the Infiltration tab shows the applicable budget infiltration rate.

Review Tipg PRM

1. The required infiltration rate at 75Pa pressure differential is automatically calculafeahie 1 of
the Infiltration tab shows the applicable baseliméltration rate. Overrides may be required for
alterationssubject t090.1 2022Section G3.8vhich will be shown in bold brown.

2| 7 2|
Air Leakage Rate of the
Building Envelope @ Total Air Leakage at
Pressure Specified Pressure Total Building the Specified
Differential Differential Air Leakage Measurement Type Envelope Area Pressure Differential
- 1 - S Q
Pa cfm/ft’ - fi? cfm
Proposed Design: 75 0.45 None 68,610 30,875
Baseline Design: 75 1.00 n/a 68,610

BE17-P Proposed infiltration rate reported in the Compliance Formis established correctly.

90.1 2016and 2019ECB
Air-leakage is not prescribed and thus must be modeled with the same rate as in the budget design.

90.1 2016PRM

Table G3.1 No 5fhe infiltration rate in the proposed design must be the same as in the baseline, except
when wholebuilding air leakage testing in accordance with ASTM E779 is specified during design and
completed after construction, the measured air leakage rate masniodeled in the proposed design.

90.1 20B PRM

Table G3.Proposed Building Performance coluniNb 5b: The air leakage rate of tHauilding envelope
(175P3 at a fixedbuildingpressure differential of 0.3 in. of water shall 86 cfm/ft? for buildings

providing verification in accordance with Section 5.9.1.2. The air leakage ratemiittimg envelope

shall be converted to appropriate units for tkenulation progranusing one of the methods in Section
G3.1.1.4.except when wholduilding air leakage testing in accordance with ASTM E779 is sgecifie
during design and completed after construction, the measured air leakage rate must be modeled in the
proposed design.
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90.1 2022 ECPPRM
Table 12.5.1 No 5 Column A (able G3.1 Proposed Building Performance column NoTie air
leakage rate of the building envelope shall be in accordance with one of the following:

- When wholebuilding pressurization testing is required or specified during design, and
completed in accordance with Section 5.4.3.1.4, the measured air leakage rate of the building
envelope(I75Pa) at a fixed building pressure differential of 75 Pa (Q.80wmater) shall be
modeled for purposes of demonstrating compliance with this standard.

- For buildings providing verification in accordance with Section 5.9.1.2, the air leakage rate of the
building envelope (I75Pa) at a fixed building pressure differential of 75 Pa (0.30 in. of water)
shall be 0.45 cfm/ft The air leakage rate of the building envelope shall be converted to
appropriate units for the simulation program using one of the methods in Section 12.5.3.

Review Tips
1. Table 1 of the Infiltration tab shows the applicable infiltration rate at 75Pa pressure differential for
the proposed design assuming no air leakage testing was performed. If the air leakage rate for the
proposed design is ovavritten by modeler, the enteed values is show in light brown font.
2. If the value is ovewritten, verify the following
a) Confirm that infiltration testing report is submitted.
b) Confirm that test results are based on the approved testing metlkeagl ,(ASTM E3158 for
90.1 202 see 90.1 Section 5.4.3.1.4 for other approved methoEgY9 or E1827 for 90.1
2019, or E779 for 90.1 2016
c) Confirm that test results at 75Pa shown in the testing documentation are correctly
transferred to Table 1 for the proposed desigmthe Infiltration tab in the Compliance
Form

BE18-B, BE18-P Baseline/budgetand proposednodeled infiltration rate reflects the values
reported in theCompliance Form
Review Tips
1. Use the simulation reports to verify that the modeled basdlmelget infiltration rate is aseported
in Table 2 of the Infiltration takEnsure that both the unite(g.,CFM/SF, ACH) and the value is
correct.
2. Common Mistakes
a. An ifiltration rate from Table 1 of the Infiltration tals entered into simulation tool without
converting to normal wind conditions. This exaggerates infiltration related loads by about factor
of ten, significantly increasing the heating load and any savings from air leakage reduction in the
proposed design.

eQUEST Reports| LB

TraneTRACEOQOO | Room Information entered values report

Trane TRACE 3D| System Cooling Checksums report and System Heating Checksums report
Plus
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IESVE SOFTWAHR Room Loads Report, Zone Loads Refddrermal Template Report, System Loz
Report BPRM Report, Florida Energy Code Compliance Report

EnergyPlus SLX dzaof dKGYE WLYA BWARYSILIYFRZ i (NadzYi XK I3
b2YAYIlIfQ aSOGAz2Yy
OpenStudio SLX dzaof dKGYE WLYA AR SILIYFRZ i (NadzYi XK I

b2YAYlIfQ aSOGAz2y

Carrier HAPV5S [a{ LJ OS Ly Ldzi 51 Gl ¢ NBLRNI®
Design Builder Zone Infiltration Airflow Stats Nominal Table in EnergyPlus Output Summary
Document

BEL9 Change in the proposed versus baselinbudget total annual and design loads from

envelope components is reasonable givethe difference in the proposed versus

baseline budget envelope parameters reported in th&Compliance Form

Review Tips

1. This check verifies that the simulationtputs are generallyconsistent with the baselin®udget and
proposed envelope parameters. Thieeckdoesnot consider factors such as thermal mass,

exposure and shading, so look for a general correlation and not an exact match.

a. If a given envelope component has the same or venyfairtiermalpropertiesin the baseline
(budget) and proposed desighneating and cooling losses and gains from this component should
be the same or very similar based on the simulation outputs. For exame, h12016/2019
Energy Cost Budgetojects and mos90.1 20162019 Performance Rating Methogrojects
(except for those that performed air leakage testing) must model the same infiltration rate in
the baselinébudget and proposed design, thus the heatamyl cooling losseandgains from
infiltration are expected to be theame or very close in the basellbadget and proposed
simulations.

b. Conductive heat losses through surfaces (windows, exterior walls, roofs) should correlate to the
surface Wvalue and area.

Example 1Based on the submittal, the proposed roof 91032, compared to 40.063 in the

PRM baseline. The annual heat losses through the roof in the simulation output reports should
be substantially lower in the proposed design. Assuming the skylight areadartiein the
proposed and baseline building, the heat loss through the baseline roof should be about twice
that of the proposed building roof (0.063/0.032=2).

Example 2Based on the submittal, theroposed design has 40,000 Skettical fenestration

with U-0.5; the baselindas30,000 Sif fenestrationwith U-0. 5.The heat loss through

windows due to conduction should go .uf(Urop X Avrop)/(UbaseX Avasd
=(40,000*0.5)/(30,000*0.5)~1.3)

c. Solar heat gains through windows should be approximately proportional to the product of the
window area and SHGC.

The scope of this check depends on the reporting capabilities of the simulation tool.

| eQUEST Reportd LSC, LSF \
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TraneTRACEOQO | Building Envelope Cooling Loads at Coil Peak and Building Envelope Heatin

at Coil Peak
Trane TRACE 300 Room and Zone Cooling and Heating Loads by Component Reports (keep in
Plus if the room/zones are peaking at the same time or not)

IESVE SOFTWA| Room Loads Report, Zone Loads Re@pace Loads & Ventilation Report, Plar
Loops and Equipment Repo8ystem Loads Report, Energy Model Output Rey
PRM Compliance Report, ECB Compliance Report, BPRM Report
EnergyPlus SLX dzadof dKGYE W{SyaroftS |1 SIFd DFAY
OpenStudio SLX dzadof dKGYE W{SyaroftS |1 SIFd DFAY
CarrierHAPV5 |[a! ANJ {8adSY 5SaArday [2FR {dzYYI NBEé N
for same design cooling day hour for Baseline and Proposed.

Design Builder simulated output result file (.eso)

BE20-B The baselind budgetbuilding performanceis an average of four orientations if

required

90.1 2016 and2019/2022 ECB

Table 11.5.XColumn B #5 (¢Jable 2.5.1 Column B #5j: If the vertical fenestration area facing west

or east of the proposed building exceeds the area limit s80id Section 5.5.4.83hen the energy cost
budget shall be generated by simulating the budget building design with its actual orientation and again
after rotating the entire budget building design 90, 18@1270 degrees and then averaging the results.

90.1 20162019, and 2022PRM

Table G3.Baseline Building Design colunith (a): The baseline building performance must be
calculated by simulating the building with its actual orientation and again after rotating the entire
building 90, 18@nd 270 degrees, then averaging the results. Baseline building performance may be
based on theactual building orientation (without averaginiXa)the buildingvertical fenestration area
on eachorientation varies by less tima5%, or if (bjt is demonstrated to the satisfaction of the AHJ that
the building orientation is dictated by site csiderations such as for majaienovation projecs, or
buildingsharingparty walls with theadjacentbuildingson a city block

Review Tips

1. TheEnvelope Areas taliBaseline Orientation and Rotatibmdicateswhether the baseline/budget
RSaA3ay 41 & & NP (adutd-Sopuaedbaséddn ap@ymg tdeppiopriaté 90.1 rules
described abovéo the project.The nodeler can ovesrite this default. If the default is over
written, confirm that an explanation is providea the Note fieldand that itis acceptableFor
example the modelermay indicate thathe project was not rotated because it is a major
renovation.

2. Ifitis established that the baseline must be rotated, verify giatulation results are reported for
the four baseline orientations in the Compliance Calculations tab Table 2 (Baseline O Rotation,
Baseline 90 Rotation, Baseline 180 Rotation, Baseline 270 Rotation).
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BE20-P Proposed building orientationreflected in the Compliance Forms as specified

Review Tips

1. Proposed building orientation must reflect the actual building exposQognpare surface areas by
orientation in Table 5 of the Envelope Areas talatohitectural drawings to ensure alignment in
exposure

BE21-B,BE21-P Baselind budget and proposed building orientation is modeled as

reported in the Compliance Form

Review Tips

1. Usethe simulation reports listed below to verify that the modeled exposure is as reported in the
Compliance Form

eQUEST Reports| L\LD, results for the four baseline orientations must be averaged externally
TraneTRACEOO | LEED Summary Section 1.6

TraneTRACE 3D | Envelope Summary report Azimuth/Cardinal Direction columns

Plus
IESVE SOFTWAH Model Orientation and Rotation Check Rep&PRM ReporEnergy Model
Output Report, PRM Compliance Report, ECB Compliance Report
EnergyPlus SLX dzadof dKGYE WLYLJzi +SNAFAOFGAZ2Y
OpenStudio SL dzadof dKGYf WLy LJzi *#SNATFTAOIGAZ2Y
CarrierHAPV5 G[ 995 {dzYYH{ SBO4O ARKLIANI daAyAYdzy 9y SN
GFroftS GAGESR a! o020S DNYRS 2 ff I yR
Design Builder Output_Performance_1 sheet klEED Minimum Energy Performance Calculat

BE22-P Proposed interiorand exterior shading is established correctlyn the Compliance
Form

90.12016and 20192022 ECB

Table 11.5.1 #5, Proposed Building Design column Exceptidrabble 2.5.1 #5, Proposed Building
Design column Exceptio

Manually operated fenestration shading devices, such as blinds or shadst&ot be modeled.
Permanent shading devices, such as fins, overhangs, and light sinelsstbe modeled.

90.1 2016and 2019 2022 PRM

Table G3.1 Proposed Building Performance Column No 3l{ayf able G3.1 Proposed Building

Performance Column No 5 (&6#)

1 Manual fenestration shading devices, such as blinds or shades, must be modeled or not modeled the
same as in the baseline building design.

1 Automatically controlled fenesttenn shades or blinds must be modeled.

Permanent shading devices, such as finsfloangs, and light shelves must be modeled.

1 Automatically controlled dynamic glazing may be modeled. Manually controlled dynamic glazing
must use the average of the minimum and maximum SHGC and VT.

Table G3.1 Proposed Building Performance column #1ATaple G3.1 Proposed Building

Performance column #14 (a)

=
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1 Al elements whose effective height is greater than their distance from a proposed building and
whose width facing the proposed building is greater than-tried that of the proposed building
shall be accounted for in the analysis.

G1.3 (g)G1.3(h)

1 A site plan showing all adjacemtildingsand topography that may shade the propodaailding
(with estimated height or number of stories).

Review Tips

1. ForPRMprojects, review thesite plan showing all adjacehtildingsand topography that may
shade the proposeduildingwith the estimated height or number of storieAn example of site
shading documentation isrovided below.

PLAYGROUND

7

BUILDING "C"

4 IE TEN STORIES

BUILDING "A"
TEN STORIES

(HEIGHT = 110 FEET) (HEIGHT =110 FEET)

952" -

T
BUILDING "B" /
THREE STORIES N
(HEIGHT = 40
FEET)

2. Exterior and interior shading of the proposed design is described in the Envelope Areas teh Table
The applicable 90.1 modeling rules are shown in the table and may bewvoitiem by the modeler.
The oveswritten values are shown in brown font. If any of the values are overwritten, the changes
must be described in the notes below the table. Confiatimodeling approach aligns with 90.1
rules stated above.

3. The check should be performed on projects located in Climate Zekes 0

BE22-B Baseline/Budget interior and exterior shading is established correcthn the
Compliance Form

90.12016and 20192022 ECB

Table 11.5.1 Column B #6)/Table 2.5.1 Column B #5{

No shading projections are to be modeléehestrationis assumed to be flush with thveall or roof.

90.1 2016and 20192022 PRM
G3.2 New Construction/Major Alterations
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TableG3.1Baseline Building Performance colunit® (d)/ TableG3.1Baseline Building Performance
column#5 )

1 All vertical fenestration shall be assumed to be flush with the exterior wall, and no shading

projections shall be modeled.

1 Manual window shading devices such as blinds or shades are not required to be modeled.
Table G3.1 Proposed Building Performance column/#Bble G3.1 Proposed Building Performance
column #14
Shading by adjacent structures and terrain must be the same as in the proposed design.

G3.3 Minor Alterations

Alterations subject to 90.1 2022ection G3.8i.e., Minor Alterationsshouldmodel interior and exterior
shading identically in the baseline and proposed modglse there are noelevantrequirements in
Section 5 applicable to alterations

Review Tips

1. Exterior and interior shading of the proposed design is described in the Envelope Areas teh Table
The applicable 90.1 modeling rules are shown in the table and may bewvoitiem by the modeler.
The ovesrwritten values are shown in brown font. If any of the values are overwritten, the changes
must be described in the notes below the table. Confihattmodeling approach aligns with 90.1
rules stated above.

2. Shadings especially important in climate zones where cooling is significant, such as Climate Zones
0-5, and where fenestration area is relatively large

BEZ23-B,BE23P Baseline/Budget and proposednterior shading is modeled as reported in

the Compliance Form

Review Tips

1. Review simulation reports to confirm that interior and exterior shading is modeled as reported in
the Compliance Form.

2. The check should be performed on projects located in Climate Zekes 0

BE24-P,Proposed envelope complies with minimum mandatory envelope requirements

90.1 2016and 2019 ECBand PRM
No minimum mandatory envelope requirements other than those included in 90.1 Section 5.4.

90.1 2022ECBPRM
12.2d/G1.2.1d
Fornew buildings one of the following must be met:

1. The building envelope complies wliection 5.5 Gt NEAONR LG A DS . dzAf RAYy3 9y @€

2. UsingSection5.8 . dZAf RAYA-hIFIOEY¥LIBAENDRShLIIAZ2Y ¢ GKS LIN
performance factor shall not exceed the base envelope performance factor by more than 15%-in multi

family residential, hotel/motel, and dormitory building area types. For all othdding area types, the

limit shall be 7%. For buildings with both residential and nonresidential occupancies, the limit shall be

based on the areaveighted average of the gross conditioned floor area.
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Review Tips

1. This review keck applies to 90.1 2022 projects only, inputs for documenting compliance with
Sectionsl2.2d/G1.2.1d NB Ay Of dZRSR Ay GKS a9y@St213 . F0laidz2L
Envelope Areas tab in the Compliance Form (a screenshot from the section is shown below for
reference).

Review the section to check that one of the compliance options is selected. If complidince

{SOGA2Y pdpI at NSBAONRLIIA DS & &St BB R iEKSty2 ST &/d2NY
selected for eachow inti KS &/ 2 Y LI I tkkde sio@rbeldzy Some of the rows

autopopulateg A G K Y I ydzr f 2@GSNNARSA aKz2gy Ay o02fR 2NIFy3S
the explanation for validityi-or peach cells that require a user inpotanual overrides, or scenarios

in which exceptions appensure that the inputgind explanationslign with the documentation

Y20SR Ay GKS atflyak{LSO wSTSNByOS¢ 02t dzYy o

———

Envelope Backstop Verification
Background

Projects demonstrating compliance following the Energy Cost Budget Method or the Performance Rating Method must meet minimum envelope performance requirements (envelope backstop) as described in Sections 12.2.d and G1.2.1{d).
Instructions

1. Select compliance option

(3 Project meets prescriptive envelope requirements in Section 5.5

a. After the Proposed Envelope Assemblies and Envelope Areas tabs have been filled out completely, please mark them as Complete on the Dashboard tab in both the design professional and modeler sign-off columns. This
will allow the "Complies?" column to autopopulate in the table below..

b. The "Complies?" column will autopopulate based upon the entries on the Proposed Envelope Assemblies and Envelope Areas tabs. If the "Complies?*column in the table below is overwritten due to an applicable
exception, please provide an explanation in the notes section below.

Prescriptive Criteria 90.1 section Complies? Reference Table ‘Explanation of Exception T Plans/spec Reference |
Opaque envelope components mast the requirements in Tables 5.5-0 through 5.5-8 for the appropriate climate zone 5.5.1-5.5.2 No Envelope Areas tab Table 1 include in Reference Table
Opaque envelope components meet the requirements in Section s.5.3 553

|Area of vertical fenestration in the proposed design does not exceed 40% of the gross wall area 5.5.4.2.1 Yes Envelope Areas tab Table 6 Include in Reference Table
/Area of skylights in the proposed design does not exceed 3% of the roof area 5.5.4.2.2 Yes Envelope Areas tab Table 6 include in Reference Table
|Area of skylights in the proposed design meets minimum skylight fenestration area requirements 5.5.4.2.3

Fenestration envelope components meet the requirements in Tables 5.5-0 through 5.5-8 for the appropriate climatezone | 5.5.4.3-5.5.4.4] Yes Envelope Areas tab Table 2 include in Reference Table
\Vertical complies with fenestration orientation requirements in Section 5.5.4.5 5.5.45 No Envelope Areas tab Table 9 Include in Reference Table
\Visible transmittance /SHGC ratio complies with 5.5.4.6 5.5.46 Yes Envelope Areas tab Table 2 Include in Reference Table
Linear and point thermal bridging complies with Section 5.5.5 5.5.5

® Project used the Section 5.6, “Building Envelope Trade-Off Compliance Option”

a. Fill out the table below.

Envelope Backstop ComCheck)
Building Area Type | area(ic) Margin
Residential | 24,385 -15%
| 24,750 7%
/Allowance margin (are-weighted average margin of residential and 13.2%
The margin by which the proposed envelops exceeds the base envelope factor (Note 1) 2.0%
Note 1: Enter the value shown in the lower left corner of the ENVELOPE tab of COMcheck, including the sign. If the value is negative, it must be entered as such.
Compliance
Project passes the envelope backstop? | Pass. ]
> - Energy Sources  Operating Schedules  Proposed Envelope Assemblies ~ Envelope Areas nfiltration  Lighting Space Types Interior Lighting Counts  Interior Lighting Summary  Exterior Lighting = ;a4

For projects followingth¢ SOUGA2Y p ®dc I & . daAT TR AV y23Y LI yAGHS/PRELIS LOIN 2R/S
Sectionsl2.2d/G1.2.1dallowancesare such that the proposed envelope performance factor cannot

exceed the base envelope performance factor by more than 15% for multifamily/residential,

hotel/motel, and dormitory building area types and for all other building area types, the limit is set

at 7%. For buildings with both residential and nonresidential occupancies, the limit is determined

based on the areaveightedaverage of the gross conditioned floor ar@&e allowance margin is

automatically calculated in the Compliance Form on the Envelope Areas tab, as shown below

outlined in pink based on 90.1 Sectiod®.2d/G1.2.1dllowancesand the building area types

entered on the General Information tab in Table 1.

fthe{ SOGA2Y pdcs 4. dAFTR AN y2I LI yAGADIRS KedtadNhaR/S
compare themargin by which the proposed envelope performance factor exceeds the base

envelope performance factantry with the provided Comcheck report requested in Submittal
Checklist #36 to ensure they mat¢h2 Yy TANY GKF G GKS FASEIR aK2gy oSt 2
See fields outlined in red in the graphic below from the Envelope Areas tab in the Compliance Form.
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Envelope Backstop Verification
Background
Projects demonstrating compliance following the Energy Cost Budget Method or the Performance Rating Method must meet minimum envelope performance requirements (envelope backstop) as described in Sections 12.2.d and G1.2.1{d).
Instructions
1. Select compliance option:

(3 Project meets prescriptive envelope requirements in Section 5.5

a. After the Proposed Envelope Assemblies and Envelope Areas tabs have been filled out completely, please mark them as Complete on the Dashboard tab in both the design professional and modeler sign-off columns. This
will allow the "Complies?" column to autopopulate in the table below...

b. The "Complies?" column will autopopulate based upon the entries on the Proposed Envelope Assemblies and Envelope Areas tabs. If the "Complies?*column in the table below is overwritten due to an applicable
exception, please provide an explanation in the notes section below.

Prescriptive Criteria 90.1 Section Complies? Reference Table Explanation of Exception Plans/Spec Reference
Opaque envelope components meet the requirements in Tables 5.5-0 through 5.5-8 for the appropriate climate zone 551-55.2 No Envelope Areas tab Table 1 Include in Reference Table
Opaque envelope components meet the requirements in Section 5.5.3 553

|Area of vertical fenestration in the proposed design does not exceed 40% of the gross wall area Yes Envelope Areas tab Table & Include in Reference Table
\Area of skylights in the proposed design does not exceed 3% of the roof area Yes Envelope Areas tab Table 6 Include in Reference Table
|Area of skylights in the proposed design meets minimum skylight fenestration area requirements 5.54.23

Fenestration envelope components meet the requirements in Tables 5.5-0 through 5.5-8 for the appropriate climatezone | 5.5.4.3-5.5.4.4 Yes Envelope Areas tab Table 2 Include in Reference Table
\Vertical fenestration complies with fenestration orientation requirements in Section 5.5.4.5 5545 No Envelope Areas tab Table 9 Include in Reference Table
Visible transmittance/SHGC ratio complies with 5.5.4.6 5546 Yes Envelope Areas tab Table 2 Include in Reference Table
Linear and point thermal bridging complies with section 5.5.5 5.5.5

Broject used the Section 5.6, “Building Envelope Trade-Off Compliance Option”

a. Fill out the table below.

Envelope Backstop Comcheck)
Building Area Type [ Area ) Margin
esidential | 84,365 -15%
lonresidential | 24,750 7%
llowance margin (area-weighted average margin of residenti identi 13.2%
The margin by which ‘exceeds the base envelop factor (Note 1) 2.0%
Note 1: Enter the value shown in the lower left corner of the ENVELOPE tab of COMcheck, including the sign. If the value is negative, it must be entered as such.
Compliance
[project passes the envelope backstop? | Pass. ]

[P EneroySources | Operating Schedules  Proposed Envelope Assemblies |~ Envelope Areas infiitration  Lighting Space Types  Interior Lighting Counts  Interior Lighting Summary  Exterior Lighting =+
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Lighting, Interior (LI)

Overview

Lighting Interior check group addresses interior lighpogverand controlsTable 7 summarizes the
checks included in this group.

Table 7: Lighting InterioQuality ControlChecks Overview

Baseline/Budget
Type of Check Proposed Desigr| Design
General CF inputs reflect design documents LIO1 NA
Simulation outputs consistent with CF Li11 NA
CF inputs reflect design documents LI02P NA
Lighting CF inputs reflect requ.irements BCB/PRM LI03 LIO3
Power Meet mandatory requirements NA NA
Simulation inputs consistent with CF LIO7 LIO7
Simulation outputs consistent with CF LI06 LIO6
CF inputs reflect design documents LI04P NA
Lighting CF inputs reflect requirements BCB/PRM NA NA
Controls Meet mandatory requirements LI05 NA
Simulation inputs consistent with CF LI08, LI09 LI08, LI09
Simulation outputs consistent with CF LI10 LI10
LEGEND
PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of the
Compliance Form

The following strategieshouldbe used to prioritize the review:

1. For checkshat verify the specified fixture wattagespcus on fixtures that account for the largest
total wattage on the project and spatheck the rest.

2. For checkshat verify the specified fixture counts, focus on space types that account for the largest
total wattage and spaetheck the rest.

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

4. 90.1 Section 9 requires occupancy sensors and daylighting controls in many types of spaces. These
requirements are mandatory and must be met where applicable. Perform the checks to verify that
mandatory requirements are mdbr a representative sample of spaces selected as described in #2
above

Refer to the &ble included in the Quality Control Checks, Lighting Interior setttadrranks lighting

fixtures, space types and thermal blocks based on their total wattage to facilitajerithtization

described above.
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Space Type, Thermal Block, and Fixture Type Rank by Total Wattage

Rank based
Upon Total X
e Space Types Thermal Blocks Fixture Types
Associated
with Each MName, Total Wattage Name, Total Wattage Name, Total Wattage
1 Dwelling Unit, 45,600 Retfl1Sales, 5,904 E, 17,712
2 Sales Area, 17,712 Retfl25ales, 5,904 D, 3,840
3 Corridor/all Other, 2,610 Retfl3Sales, 5,904 A, 2,610
4 Storage Room/=50 ft~2, 2,400 MPF1ESE Perim Spc (M.ESELS), 4,620 C, 1,426
] Stairwell, 1,196 MFIWSW Perim Spc (M.WSW22), 4,620
6 Lounge/Breakroom/All Other, 768 MF1ENE Perim Spc (M.ENE18), 4,578
7 Office/Enclosed, 480 MFIWNW Perim Spc (M.WNW13), 4,578
g Storage Room/<50 ft*2, 230 MF1East Perim Spc (M.EL7), 4,524
9 Restroom, All Other, 152 MF1West Perim Spc (M.W20), 4,524
10 MPF1East Perim Spc (M.E16), 4,518

For 90.1 2022 PRH#terations subject to G3.@.e., Minor Alterations)the summary tables on the

Quiality Control Checks tab in the Compliance Form may not reflect correct values for the baseline since
projects, for the most part, only enter proposed design information and provide notes as to what was
modeled in the baselinaithe notes fields associated with the proposed design related tables. Refer to
the 90.1 2022 Section G3.3 Performance Calculations for Other Alteragation for more information
regarding 90.1 2022 G3.3.

LI01 Thefloor area used in the lighting calculations is consistent with theeported project

floor area.

Review Tips

1. Inorder to establish the baseline/budget lighting power allowance,fiber area of individual
spacegfor projects using spaeey-space method) or building area types (Emergy Cost Budget
Method projects using building area method) are reporied’able 1 of the Interior Lighting Counts
tab. Thebaseline/budget lighting power allowance will not 8etermined correctlyf the total floor
area reported on the Interior Lighting Counts tab does not match the actual floolirafesble 1 of
the General Information tatiMisalignment should be flagged@his check is performed automatically
in the Quality Contyl Checks tab with discrepancies 0@t flaggedSee also SGO05.

LI02-P Proposedlighting power reported in the Compliance Fornreflects design

documentsfor spaces where lighting is fully specified.

90.12016and 20192022 ECB90.1 20162019, and 2022PRM

90.1Table 11.5.1 #®80.1 Table 2.5.1 #6 Table G3.1 #6

1 Whereacomplete lighting system exists.§.,in a renovation project where lighting is left as is), the
actual lighting power must be modeled for each thermal block.

1 Where a lighting system has been designed, lighting power must be determined in accordance with
90.1Sections 9.1.3 and 9.1.Based on these sections, the wattage must include all power used by
the fixtures including lamps, ballasts, transformers and control devices and be based on the
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Sections 9.1.1,9.1.3,9.1.4, 9.2.2.3, 9.4.2).
9 Lighting system power shall include all lighting system components shown or provided for on plans
(including lamps, ballasts, task fixtur@sd furniture mounted fixtures).

Review Tips

1. Refer to thetable in the Interior Lighting section on the Quality Control Tab to identify lighting
fixtures with the highest total wattage. Focus the review on these fixtures andcpak others.

data.
Space Type, Thermal Block, and Fixture Type Rank by Total Wattage
Rank based
Upon Total
e Space Types Thermal Blocks Fixture Types
Associated
with Each MName, Total Wattage Name, Total Wattage Name, Total Wattage
1 Dwelling Unit, 45,600 Retfl1Sales, 5,904 E, 17,712
2 Sales Area, 17,712 Retfl25ales, 5,904 D, 3,340
3 Corridor/All Other, 2,610 Retfl3Sales, 5,904 A, 2,610
4 Storage Room/=50 fir2, 2,400 MF1ESE Perim Spc (M.ESELS), 4,620 £, 1426
3 Stairwell, 1,196 MFIWSW Perim Spc (M.WSW22), 4,620
6 Lounge/Breakroom/All Other, 768 MF1ENE Perim Spc (M.ENE18), 4,578
7 Office/Enclosed, 430 MFIWNW Perim Spc (M.WNW13), 4,578
8 Storage Room/<50 ft*2, 230 MF1East Perim Spc (M.EL7), 4,524
9 Restroom, All Other, 192 MF1West Perim Spc (M.W20), 4,524
10 MF1East Perim Spc (M.E16), 4,518

For these selected fixturemcate fixture make and model on the lighting schedule drawings and

verify that the manufacturer maximum rated wattage reported for the fixtures in Table of the
LYGSNAZ2NI [ ATKGAY 3
shown on the cutsheets. Request cutsheets for selected fixtures if necessary.

[ 2dzyia G106 Aa

How were Automatic Daylighting Controls Modeled?|

| Lighting Schedule Dwg # E-105
Fixture Label from Lighting Schedules| A B C D E
Maximum Rated Fixture Wattage| 26.1 | 30.1 | 23.0 | 32.0 | 48.0
o Exempt LIghting Application?] Mo | NoO | No | Mo | No | N
Decorative Lighting| No | No | No | No | No | N
Sales Area Merchandise Highlightingl No | No | No | No | No | N
109,661 Total Fixture Counts:| 100 - 62 | 120 | 369
7 7|

It A3y SR

iKS

gA0K

ExampleWall sconces installed in the corridors of a multifamily building are specified with two 18W

CFL bulbs but hatee Y I y dzF | Ol dzZNB NA Q NJIbas&drn igcanda$derd IQUIGEBREF M H N

120W per fixturemust be used in the LPD calculations for the proposed desigess the installed
fixtures are relabeled by the manufacturer based tre CFL lamps. Thusnlessall ofthe specified
fixtures reflect the maximum rated wattager the fixtures are rdabeled by the manufacturer, the
total fixture wattagesspecified on thdightingdrawings wiltypicallybe lowerthan the wattages
that must be used in the lighting compliance calculations.
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2. Refer to the table in the Interior Lighting section on the Quality Control Tab to ideptiise types

that account for the greatest total lighting wattage.
Space Type, Thermal Block, and Fixture Type Rank by Total Wattage

Rank based
Upon Total
Wattage Space Types Thermal Blocks Fixture Types
Associated
with Each Mame, Total Wattage Name, Total Wattage Name, Total Wattage
1 Dwelling Unit, 45,600 Retfl1Sales, 5,904 E, 17,712
2 Sales Area, 17,712 Retfl25ales, 5,904 D, 3,340
3 Corridor/Aall Other, 2,610 Retfl3Sales, 5,904 A, 2,610
4 Storage Room/z50 fi*2, 2,400 MF1ESE Perim Spc (M.ESELS), 4,620 C, 1,426
3 Stairwell, 1,196 MFLIWSW Perim Spc (M.WSW22), 4,620
6 Lounge/Breakroom/All Other, 768 MF1ENE Perim Spc (M.ENE18B), 4,578
7 Office/Enclosed, 430 MFIWNW Perim Spc (M.WNW13), 4,578
8 Storage Room/<50 ft~2, 230 MF1East Perim Spc (M.E17), 4,524
9 Restroom/ All Other, 192 MF1West Perim Spc (M.W20), 4,524
10 MF1East Perim Spc (M.E16), 4,518

Locate several spaces of that type on the Interior Lighting Counts tab. Réfierlighting plango
confirmthat fixture types and counts for these spaces reported in the Compliance Form match

design documents.

Lighting Schedule Dwg # E-105
Fixture Label from Lighting Schedules A B
? Maximum Rated Fixture Wattage 26.1 | 30.1
? Exempt Lighting Application? N No
? Decorative Lighting No | No
¥ Sales Area Merchandise Highlighting No No
Table 1: Lighting Fixture Counts Total for Area [ftz}: 109,661 Total Fixture Counts:| 100
7 = H 7
Space Name
Reference (e.g.)| Thermal Block
space name(s) Name from Lighting Plans Space/Building Area Type RCR LPD Adjustmen: A 4
from drawings) Model Dwg# Multiplier (90.1-Section 9) Area (ftz) per Section 9.6.4?2
Corr 101 Corrl E-T0T T Corridor/ AlTOther B0F NG L 10

3. CommonMistakes

a. Fixture wattagéds not based ora complete fixture including lamp and ballastd does not
reflect manufacturer rated fixture wattage
b. Track lightings not calculated according to the allowed methods as described inS€ction

9.1.4.

c. Proposed LPDs are based on partially specified or temporary lightngxamplein hotel
guest roomghe hardwired fixtures shown on drawings asgicallysupplemented by plugn
floor and table lampsSee LIOF for the relevant rules
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LI03-P Proposed LPD to be modeled for spaces where lighting is not specified or partially
specified is established correctly in the Compliance Form

90.1 2016and 2019/2022 ECB

Table 11.5.1 #6, Column A,/A@ble21.5.1 #6, Column A, #@Vhere no lighting exists or is specified,
lighting powemmustbe determined in accordance with the Building Area Method for the appropriate
building type, based on the allowances in 90.1 Section 9.

90.1 2016and 2019 PRM

Table G3.1 #6, proposed Column; ¥¢here lighting neither exists nor is submitted witie design
documents, lighting power must be modeledramimally complying with th@rescriptive requirements
of 90.1 Section 9, Building Area Method.

90.1 2022 PRM

Table G3.1 #6, proposed Column; ¥#¢here lighting neither exists nor is submitted with design
documents, lighting shall comply with but not exceed the requirements of Section 9. Where space types
are known, lighting power shall be determined in accordance with the Spa&pace Method. Whe

space types are not known, lighting power shall be determined in accordance with the Building Area

Method.

Review Tips
1. This check should be performed fmojects involvindiotels, models, dormitories and multifamily
occupancy types, of the Table 1 on the Lighting Space Types indied®S a A 3y &G+ Gdza | & «a&
{KStféxX 2N AT tAIKAGAY T A aAlérdtiondaSdryet2oype DesighedD Sy S NI €
{eadsSya FYyR /2YLRYySylaéd aSOGA2yd ¢KAAa 23420 Aa
Checks tab.
2. Thelnterior Lighting Counts tab Table 1 includes a column for entering floor area for which lighting
is not specified in the proposed desigrhis may includepaces where lighting is not specifiezld.,
in core and shell projects) or where lighting is partially specifedtially specified lighting is
common in residential occupancidsor example, in hotel guestrooms, handired fixtures may be
specified in bathrooms and hallways, to be supplemented by-jpligble or floor lamps. These
plugin fixtures are often not shown on the lighting drawings, or the lighting plans may refer to the
power and furniture plans for supplemental and task lighting.

~ o o fue o o

.T Exempt Lighting Application?| No No No No No No No No No No No
? Decorative Lightingl No | No | No | No | No | No | No | No | No | No | No Totals:
? Sales Area Merchandise Highlighting| No No | No | No | No No | No | No | No | No | No 7|
Total for Area (ftzj: 109,661 Total Fixture Counts:| 100 - 62 | 120 | 369
? > > Area Where
J J J Proposed
FIXTURE COUNTS | ighting is Not
Enter fixture counts for each thermal block. If Rated Input Wattageis  Jspecified [ﬂZ]
entered as W/ftz, enter fixture length in linear feet (LnFt).
RCR LPD Adjustment
Space/Building Area Type (90.1-Section 9) Area (ftz) per Section 9.6.4?
Corridor/All Other 604 No 10
Storage Room/<50 ft"2 49 No 1
Stairwell 92 No 2
Stairwell 92 No 2
Dwelling Unit 963 No
Dwelling Unit 941 No
Dwelling Unit 943 No
Dwelling Unit 954 No
_App_A_2016 Lighting Space Types | Interior Lighting Counts | Interior Lighting Model Inputs - @ 4
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3. Onprojects that include residential occupancies (hotels, motels, dormitories, multifamily) but have
Y2 AyLldzia Ay GKS a! NBI ¢ KS NpptchadkBighihgiphrora A 3K G Ay 3
sample of residential spacés confirm that hardwired lighting is specified in spaces such as guest
rooms and is sufficient to meet IESKEommended lighting leveld. it is determined that lighting
is not fully specified, request that the floor area with no lighting is reported in the Compliance Form
as shavn above.

LI03-B Baseline/budget Lighting Power Density (LPD) is established correctly in the
Compliance Form

90.1 2016and 20192022 ECB

Table 11.5.1No 6 Column BTable 2.5.1No 6 Column B

The ludget LPDnustbe determined using the same categorization procedure (building area or-space
by-space method) and categories as the proposed desigh lighting power set equal to the maximum
allowed for the corresponding method and categor@ihl Section 9.2Lighting in the proposed design
that is specifically exempted 80.1Section 9.1.1, 9.2.2ia 90.1 2016Table 9.2.3.1 in 90.1 2019, Table
9.2.2.1in 90.1 20230.1 Sectio®.4.2in 90.1 2016 and 201%9r Table 9.2.2.2 in 90.1 2081ust be
modeled in the baaline the same as in the proposed desiBrempt lighting, decorative and retail
display lighting allowance can only be claimed if it is specified in additigerterallighting and is
separately controlled.

90.1 2016 and 2019 PRM

Table G3.1 #6, Baseline Building Performance column

The baseliné.PD must bestablished using the spats-space methodased or00.1Table G3.7
Lighting in the proposed design that is specifically exempt&@ihSection9.1.1, 9.2.2.3n 90.1 2016
Table 9.2.3.1in 90.1 2016, 90.1 Sectior®.4.2in 90.1 2016 and 201®ust be modeled in the baseline
the same as in the proposed design.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Table G3.1 #6, Baseline Building Performance column

Interior lighting power in the baseline building design shall be determined using the values in Tables
G3.71 and G3.72. However, where lighting neither exists nor is submitted with design documents, and
the proposed design lighting power is determinedatordance with the Building Area Method, the
baseline building design lighting power shall be determined in accordance with Table G3.8. Where retail
display lighting is included in the proposed building design in accordance with Section 9.5.2.2(b), the
baseline building design retail display lighting additional power shall be equal to the limits established by
Section 9.5.2.2(b) or same as proposed, whichever isllggging in the proposed design that is

specifically exempted in 90.1 Section 9.Table 9.2.2.1or Table 9.2.2.2nust be modeled in the

baseline the same as in the proposed design.

G3.3 Minor Alterations
(G3.3.2.6 InterioiLightingapplies toalterationssubject to 90.1 2023ection G3.8i.e., Minor
Alterations)andrequires interior lighting power densitjncluded in the scope of the alteratiaa be

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 92

),



modeled as meetinthe minimum requirements of 90.%ection 9.1.1.3.1 using applicable allowances in
90.1Section 9.5.2.1Lighting not included in the scope of the alteration should be modeled identically in
the baseline and proposed.

Review Tips

1. Baseline/budget interior lighting is found in the following tables of the Compliance Form:

a. Refert090.1 2022SectionG3.3PerformanceCalculations for Other Alteratiorier review tips
for alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

b. Table 1 on the Lighting Space Types tab shows wh#tkgroject used spacéy-space or
building area method. (Only spabg-space method is allowed f®#RMprojectsexceptin some
narrow circumstancegor alterations following 90.1 2022 Section G3.3

c. Spaceby-spacel PDsare shownn Table Iof the Interior Lighting Counts tab, Baseline/Budget
group of columnsThese values are set automatically by the Compliance Form based en user
provided description of the building area types and space types.

2. Sot-checkthe baseline/budget LPDs in spaces where proposed LPD is substantially lower than the
baseline/budget LPD (based on Table 1 of the Interior Lighting Counts tab). The exaggerated savings
may be due tdhe mistakes described below. LPD difference @@ onEnergy Cost Budget
models and over 50% dferformance Rating Methathodel should be flagged.

4. Common Mistakes
a. Baseline LPD increased to include decorative lighting allowance

1 90.1Performance Rating Metho@oes not apply t®0.1 2022 alterationsubject toSection
G3.3: the baseline LPD is always based on the values in 90.1 Table G3.7. There are no
provisions for any additional allowancescept for90.1 2022 projects where if retail display
lighting is included in the proposed building design in accordance with Section 9.5.2.2(b),
the baseline building design retail display lighting additional power shafidzeled as
equal to the limits established by Section 9.5.2.2(b) or same as proposed, whichever is less.

1 90.1Energy Cost Budgethe baseline may be increased to include additional wattage up to
the decorative lighting allowance specified in 90.1 Section @6I\2if it meets the
requirement of that sectiong.g.,is installed in addition to the general lighting, is
automatically controlled separately from the general lighting and turned off during
nonbusiness hours).

Example:The proposed design includes decorative wall sconces in the corridors of a
multifamily building. The sconces are controlled separately from the general ceiling lighting
and have 0.7 W/RLPD calculated as described in 90.1 Section 9.1.3 and 90.1 Section 9.1.4.
Enerqgy Cost Budgetf the project used the spadey-space method, 0.7 W/ft2 can be added

to the budget corridor LPD allowance. If the project uses the building area method, lighting
in the budget design cannot be increased to include the decorative allowance. The proposed
design must be modeled as specified and include both the general and decorative lighting.
Performance Rating Metho@xample does not apply 0.1 2022 alterationsubject to

Section G3.8the decorative lighting allowance cannot be added to the baseline. The
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proposed design must be modeled as specified and include both the general and decorative
lighting.

b. LPD idbased on anncorrect space type.
Usingthe incorrect space type i0.1 Table G3.7Rerformance Rating Methgghath) or90.1
Section9.6.1 Energy Cost Budgetth) may lead to an exaggerated baselimaedget LPD
allowance.

Example:Aproject include a large spacehat houses some mechanical equipment but is

mostly used as storage. Establishing the baseline LPD by applying the allowance for the
Electrical/Mechanical space type (1.5W/SF based on Table G3.7 with PRM; 0.97 W/SF based
on 90.1 Table 9.6.1 with Note 7 fBCB) to the entire space is incorrect. Instead, the
baseline/budget allowance must be established by breaking the space intspsges, as
described in 90.1 Section 9.6.1 (a), with the storage room lighting aficev(0.63 W/SF ECB,

0.80 W/SF PRM) used for a portion of the space.

L104-P Proposed lighting controlsreported in the Compliance Form reflect design
documents
90.1 2016ECB

Table 11.5.1 Bef:
1 The lighting schedules in the proposed design shall reflect the mandatory automatic lighting control

requirements in Section 9.4.1 (e.g., programmable controls or occupancy sensors).

1 Design documents must include lighting controls require@l0rl Section 9.4.1, since these
requirements are mandatory.

1 Automatic lighting controls included in the proposed design but not required by Section 9.4.1 may
be modeled directly in the building simulation or be modeled in the building simulation through
schedule adjustments determined by a separate analysis apdrbyé¢he authority having
jurisdiction. As an alternative to modeling such lighting controls, the proposed design lighting power
may be reduced for each luminaire under control by dividing the rated lighting power of the
luminaire per Section 9.6.3 and Tal9.6.3.

90.1 2019/2022 ECB
Table 11.5.1 8e,f,g/ Table 2.5.1 #6 e f,g:
1 The lighting schedules in the proposed design shall reflect the mandatory automatic lighting control

requirements in Section 9.4.1 (e.g., programmable controls or occupancy sensors).

1 Design documents must include lighting controls required in 90.1 Section 9.4.1, since these
requirements are mandatory.

1 The specified daylighting controls must be modeled explicitly in the simulationaiotbirough an
adjustment determined by a separate approved analydisdeling and schedule adjustments shall
separately account for primary sidelighted areas, secondary sidelighted areas, and toplighted areas.

1 Automatic lighting controls included in the proposed design but not required by Section 9.4.1 may
be modeledusing thefollowing methods for each luminaire under control:
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o ManualON or partiadauto-ONoccupancy sensors shall be modeled by reducing the lighting
schedule each hour by the occupancy sensor reduction factors in Table G3.7 for the
applicable space type multiplied By25.

o Automatic lighting controls listed in Table 98.5.2.3shall be modeled using the sum of
the applicable control factor&CF). Apply control factors (CF) to only the portion of wattage
of the fixtures in the space controlled by said lightaugtrol. Divide each hour of the
lighting schedule by (3 €F), where{CF indicates the sum of all applicable contactors
for that space per Section 9.6935.2.3and Table 9.6/3.5.2.3

90.1 20162019, and 2022PRM

G3.2 New Construction/Major Alterations

90.1 Table G3.1 #@he specified aylighting controls must be modeled explicitly in the simulation tool,
or through an adjustment determined by a separate approved analy@tber specifiedautomatic

lighting controls included in the proposeé@signmustbe modeled by reducing the lighting schedule
each hour by théccupancysnsorReduction factors ir80.1 Table G3.7includingNotes b and ¢ below
the table. Credit for other programmable lighting control in buildings less than 5G0fft be taken by
reducing the lightingchedule each hour by 10%.

G3.3 Minor Alterations

For alterations subject t8ection G3.8i.e., Minor Alterations)credit for lighting controls that exceed

the minimum requirements 080.1Section 9.1.1.3.1 can be modeled following the method described in
90.1 Table G3.1 #6

Review Tips

1. Refert090.1 2022SectionG3.3PerformanceCalculations for Other Alteratiorier review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. Lighting controls specified for each space are reported in Table 1 of the Interior Lighting Counts tab.
Spotchecklarge orrepresentative space types (e.g., offices, corridors and conference rooms in an
office building) to confirm that the specified lighting controls reported for these spaces in the
Compliance Form reflect design documents.

2
Table 1: Lighting Fixture Counts Automatic Daylighting Controls Automatic Occupancy Sensor
2] w r = = o = = | & i = 22s
= 2@z | 2= | 8% | B | 3 ) o 53 | 0| 2= £3z2
El g5 2o 55 52 02Z | B < 22  So 2n g5z
g | 34|53 EP|fE|z3|EC) & Fd 2D &% c23
Space Name EE bl [ =7 sw | 2o £ - o ¥ £ TS S35 =2
== P = o =5 g £ g R S = o © o S a R0
Reference (e.g. space g & = == ® > = £ 23 ! G @ o £~ = = 253
. z =] = = ° g 5w © =} o E o R -] ¥4 s
name(s) from Thermal Block Name from Lighting Plans k] al &P g« T = £ a 3 s 2 a = @ o b
h a i o = E
drawings) Model Dwet = & @ 2 = =
Corr 101 Corrl E-101 | 0 nfa nfa No 261 No No No Yes No Yes No 0
Trash 102 Corrl E-101 0 No No No 23 No No No No Yes No No 0
Stair 103 N Stairl E-101 0 n/a n/a No 46 No No Yes Yes No Yes No 0
Stair 104 § Stairl E-101 0 n/a n/a No 46 No No Yes Yes No Yes No 0
Apt 101A MPF1ESE Perim Spc (G.ESE4) E-101 0 No No No
Apt 101B MF1East Perim Spc (G.E5) E-101 0 No No No
Apt 102A MPF1East Perim Spc (G.E6) E-101 0 No No No
Apt 102B MF1ENE Perim Spc (G.ENE7) E-101 0 No No No
» ...| Ref_Envelope_App_A_2016 Lighting Space Types | Interior Lighting Counts | Interior Lighting Model Inputs O] q

3. Credit for daylighting and G®ntrolsmust only be applied to the portion of lighting in each thermal
block that isbeingcontrolled andnot to all lighting in the thermal blockhe controlled wattage
withing each space must be listed in the Compliance Fdfenify that it matches the design
documents.
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2]
Table 1: Lighting Fixture Counts Automatic Daylighting Controls Automatic Occu Sensor
a = o
2] @ 2|2 | = 5 | T |5 _ & |«
= ET | 2| 8F ) S ERcy = s® | 0 | 8=
w By o o 3 c ° =2 D= T = oo = = 2 =
= |3z lz3 53 358|235 i3 s | 3|23 273
Space Name ° Eg a3 [ > g S w E 2« - T S a5 < i
[ = = o o = O = = U..j gq- 3:"‘ =1 = o M o S5 @
Reference (e.g. space g == == @z E £ o == e E - g - F] E"
= = =g @ < o © =} o o o
name(s) from Thermal Block Name from Lighting Plans é sl z o 9o 2= = S oo % g @ é @ ﬁ [}
. =] = i = 3
drawings) Model Dwg# o a @ <
Sales 106 Retfl1Sales E-103 1.22 0 n/a nfa No [ 1,488 Yes No Yes No Yes No
Sales 107 Retfl1Sales E-103 1.22 696 Yes nfa Yes 1,392 Yes No Yes No Yes No
Sales 108 Retfl1Sales E-103 1.22 816 Yes nfa Yes 1,632 Yes No Yes No Yes No
Stair R101 StrliN E-102 0.58 0 nfa nfa No 46 No No Yes Yes No Yes
Stair R102 Strfl1S E-102 0.58 0 nfa nfa No a6 No No Yes Yes No Yes
Stor R201 Retfl20ther E-103 0.46 0 nfa nfa No 800 Yes No No No Yes No
Breakroom R202 Retfl20ther E-103 0.62 0 nfa nfa No 256 Yes No Yes No Yes No
Office R203 Retfl20ther E-103 0.93 0 nfa nfa No 160 Yes No Yes No Yes No
| Ref_Envelope_App_A_2016 | Lighting Space Types | Interior Lighting Counts | Interior| ... [©)] 4 »
H o= m - 1 + 100¢

4. Tips forEnergy Cost Budgeptojects

1 Only the lighting controls in the proposed design that exceed the minimum requirements of
90.1 Section 9.4.1 may Imeodeleddifferently in the proposed design compared to the baseline.
Examples of controls that exceed the minimum requirements include but are not limited to the
occupancy sensors and daylighting controls where they are not required in 90.1 Section 9.4.1,
Manual on control were it is not required, automatic full off where only partial off is required,
continuous dimming where not required and lumen maintenance controls.

1 In90.1 2016,he standard does not specify the schedule adjustments to be used for capturing
occupancy sensor savings, thus the values from 90.1 Table G3.7 Occupancy Sensor Reduction
column should be used.

LI05-P Specified lighting controls neet mandatory requirementsin 90.1 Section 9

Review tips

1. Refert090.1 2022SectionG3.3PerformanceCalculations for Other Alteratiorier review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. Table 1 of the Interior Lighting Counts tab lists thenahatory lighting control requirements for each
space depending on the space type. The lighting control requirements in 90.laA6&yondare
significantly more comprehensive compared to 90.1 20ftd example, many spaces with windows
must have daylighting controlSpotcheck lighting controls specified in the design document for a
sample of typical spaces to ensure that they meet the mandatory lighting requirements shown in
the Compliance Form.
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Insert Rows Filter On/Off | Import Lighting Data ﬂ
90.1 Mandatory Lighting Control Requirements (For Reference)
Table 1: Lighting Fixture Counts Total for Area [ft’): ﬂ ﬂ ﬂ ? ? ﬂ j ﬂ ﬂ ﬂ
? ? =2 E=3 = = —
2] 2] = o = B - c®lg = w
o = OGC| w | EGT|E| 2| @ o £ nN
& @ oS | Ed|lg2 e |0y | s Em
v E | BRIl E=< et et/ 2d|6E|2E B
oo | o £ |@ma | |52 |Ba|=T|5a|2a
g4 2T | g% | gz || gt |l@dS|ad|ET
Space Name s<|g |32z |@a B2 los|ns|2e
& g | e £ 2022 E2 g A =R - e I
Reference (e.g.| Thermal Block = 3 m2 | £8 | 25| 22| 52 ¢ 2 = £
o r = e @
space name(s} Name from Lighting g 5 = = g E E 5 = a; 2 g =
o S
from drawings) Model Plans Dwg# | Multiplier |Space/Building Area Type (90.1-Section 9) = = Sl o 2
Corr 101 Corrl E-101 1 Corridor REQ REQ REQ REQ | ADD2 | ADD2
Trash 102 Corrl E-101 1 Storage Room/<50 ft#2 REQ REQ - - - - - REQ -
Stair 103 N Stairl E-101 1 Stairwell - - REQ REQ REQ | ADD2 | ADD2
Stair 104 S Stairl E-101 1 Stairwell - - - - REQ REQ REQ | ADD2 | ADD2 -
Apt101A  [ESE Perim Spc (G.E| E-101 1 Dwelling Unit REQ
Apt101B  [LEast Perim Spc (G E-101 1 Dwelling Unit REQ
Apt102A  1East Perim Spc (G E-101 1 Dwelling Unit REQ
Apt102B  ENE Perim Spc (G.E| E-101 1 Dwelling Unit REQ
Apt103A  NW Perim Spc(G.V] E-101 1 Dwelling Unit REQ
Apt103B  West Perim Spc (G E-101 1 Dwelling Unit REQ
Apt104A  Nest Perim Spc(G. E-101 1 Dwelling Unit REQ
Apt104B  BW Perim Spc (G.W E-101 1 Dwelling Unit REQ
Corr 201-901 Corr2 E-101 8 Corridor REQ - - - REQ REQ REQ | ADD2 | ADD2 -
Trash 202-902 Corr2 E-101 8 Storage Room/<50 ft"2 REQ REQ - - - REQ -
Stair 203-903 N Stair2 E-101 8 Stairwell - - - - REQ REQ REQ | ADD2 | ADD2
Stair 204-904 S Stair2 E-101 8 Stairwell - - - - REQ REQ REQ | ADD2 | ADD2 -
Apt 201A-901A [SE Perim Spc (M.E! E-101 8 Dwelling Unit REQ
> = Operating Schedules Proposed Envelope Assemblies Envelope Areas Infiltration Lighting Space Types Interior Lighting Counts Interior Lighting Summi

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

L105zB Baseline/budget lighting controls are established correctly in the Compliance Form
90.1 201620192022 ECB

Table 11.5.1 #6&/ Table 11.5.1 #@&/Table 2.5.1 #6e: Mandatory automatic lighting controls required
by Section 9.4.1 must be modeled the same as the proposed design.

90.1 2016and 2019 PRM

Table G3.1 #8\No occupancy or daylighting controls should be modeled, except the lighting schedules
for the employee lunch and break rooms, conference/meeting roamdclassroomgnot including

shop classrooms, laboratory classrooamsl preschool through 12tigrade classrooms) must refleitte
reduced runtime hours due toccupancy sensors.

90.1 2022 PRM
G3.2 New Construction/Major Alterations
The requirements are the same as described in Table G3drr #te 90.1 2016 and 2019 PRM above.

G3.3 Minor Alterations
Lighting controls shall be modeled as meetthg minimum requirements of 90.%ection 9.1.1.3.1In
the baseline design model

Review Tips

1. Baseline/budget lighting controls for each space are determined automataadiyare shown in
Table 1 of the Interior Lighting Counts tabthe Compliance fornirhis check is automatically
completed in the Quality Control Checks tab of the Compliance Form.
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2. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alterddioreview tips for

alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

L106-B, LIO6-P Modeled interior lighting peak demand is consistent with the baseline
interior lighting wattage reported in the Compliance Form

Review Tips

1. Refert090.1 2022SectionG3.3PerformanceCalculations for Other Alteratiorisr review tips for
alterations subject to 90.1 2022 Secti@3.3(i.e., Minor Alterations).

2. Table 2 of the Compliance Calculations tab showsamdncident peak demand for interior lighting.
The value is taken from the simulation reports and reflects the maximum modeled interior lighting
load (kW). Peak lighting demand depends on the modeletinighvattage, the hourly lighting
schedule, adjustments to the hourly schedule to reflect reduced runtime due to occupancy sensors
(if applicable) and modeled daylighting controls. The modeled interior lighting peak demand may be
compared to the interiorighting wattage reported on thénterior Lighting Summary tabable 1 to
verify the followingfor Performance Rating Metho@xcept for 90.1 2022 alteratiorssibject to

G3.3)projects:

MLDpase> TIW paseindicates an error in the baselineodelbecause he modelednon-
coincident peak demand cannot exceed the maximum wattage reported in the
Compliance FormWhen this check failshe model inputs or the baseline lighting
wattagereported in the Compliance Formust be corrected.

MLD = modeled noncoincident lighting peak demand from simulation reports[kW]
TLW = total lighting wattage from Table 1 of théerior Lighting Summary takW]

Optionally, a similar check may be completedPerformance Rating Methgaroposed design and
Energy Cost Budgbktdget and proposed design. However, for these models the coincident peak
demand is expected to be lower than the total lighting wattage reported in the compliance form due
to occupancy sensor and daylighting controls. A multiplier of 0.7 may be usedgblyo

approximate the impact of such controls on coincident demand, as follows:

MLD prop < 0.7*TLW prop
MLD budget >0.7* TLW budget

As part of this check, it is also helpful to verify that the 4voincident lighting peak demand
reported in the Compliance Calculations tab Table 2 matches simulation reports.

eQUEST Reports

PSE

TraneTRACEOQOO

LEED Summary Section 1.6

Trane TRACE 3D
Plus

LEED Summary Section 1.6

IESVE SOFTWARI

Room Loads Report, Zone Loads Reystem Loads Report, Energy Model
Output Report, PRM Compliance Report, ECB Compliance Report, BPRM

EnergyPlus

SLX dZAlof dK{ Y
section

W5SYFYyR 9YR | as /2Y
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OpenStudio SLX dzadof dKGYE W5SYFYR 9yR !'asS /2Y
section

Carrier HAP v5 G[ 995 {dzYYIFI NBEé¢ NBLR2NIX {SOiGA
GroftS GAGESR at NBLR2AaSR 9ySNHE
Design Builder LEED Summary Reports int@ut SummaryDocument

LIO7-B,LI07-P Baselind budget and proposed wattagesntered into simulation tool reflects

values reported in theCompliance Form

Review Tips

Proposed and baseline (budget) LPDs and floor areas may be correctly reported in the submittal, but not
matchthe modeling inputs. For example, there may bditierence in theareas of different spactypes
reported in the submittal compared to what was modekhae to incorrect assignment ttfie space

types tothe modeled thermal blockdepending on the reporting capabilities of the simulation tool, the
following steps should be followed teerify the inputs

a. Review simulation reports to confirm that the total modeled baseline (budget) and proposed
wattage reported in theCompliance Forrmatches the modeledalues

b. Spotcheck simulation reports showing inputs for individual thermal blocksptdirm that the
entered baseline (budget) and proposed kPR&llect thevalues reported in Table 2 of theterior
Lighting Summary tatfocus on the larger thermal datks with high lighting wattagesinput
discrepancie$or these thermal blocks may bmpactfulandspotcheck the restRefer to the table
in the Interior Lighting section on the Quality Control Tab to idetitéymal blockghat account for

the greatest total lighting wattage.
Space Type, Thermal Block, and Fixture Type Rank by Total Wattage

Rank based
Upon Total :
Wattage Space Types Thermal Blocks Fixture Types
Associated
with Each Mame, Total Wattage Name, Total Wattage Name, Total Wattage
1 Dwelling Unit, 45,600 Retfl1Sales, 5,504 E, 17,712
2 Sales Area, 17,712 Retfl2Sales, 5,904 D, 3,840
3 Corridor/all Other, 2,610 Retfl35ales, 5,904 A, 2,610
4 Storage Room/z50 ft*2, 2,400 MF1ESE Perim Spc (M.ESELS), 4,620 C, 1,426
5 Stairwell, 1,196 MFLIWSW Perim Spc (M.WSW22), 4,620
& Lounge/Breakroom/All Other, 768 MF1ENE Perim Spc (M.ENE18B), 4,578
7 Office/Enclosed, 480 MFIWNW Perim Spc (M.WNW13), 4,578
8 Storage Room /<50 ft~2, 230 MF1East Perim Spc (M.EL7), 4,524
9 Restroom/ All Other, 152 MF1West Perim Spc (M.W20), 4,524
10 MF1East Perim Spc (M.E16), 4,518

Some of the modeled thermal blocks include spaces of different types, thus the modeled
baseling(budget)LPD for some thermal blocks may represent aseéghted average of the

LPDs prescribed by the standard for individual space types. For example, if 75% of the floor area
in a thermal block is an office occupancy (1.1 W/SF PRM baselinaindtbg remaining 25% is
arestroomoccupancy0.9 W/SF PRM baseline LPD), the baseline LPD of
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1.1*0.75+0.9*0.25=1.05 W/S#hould be modeledThese calculations are automated in the
compliance form with the results includexh the Interior Lighting Summary tahb Table 2.

eQUEST Reports| LB, CSV Space Loads Refasinformation in available)
TraneTRACEOO | Room Information entered values report

TraneTRACE 3D | Lighting and Daylighting Summary report

Plus
IESVE SOFTWAR Thermal Template Report, BPRM RepBapm Loads Report, Zone Loads
Report System Loads Report, Energy Model Output Report, PRM Complian
Report, ECB Compliance Report
EnergyPlus SLY dzadof oKGYE W AIKAGAYI {dzYYI NEQ )
OpenStudio SLX dzadof ®KGYT W[ AIKGAY 3T {dzyYYlF NEQ N
CarrierHAPV5 a{ LI O Paty IN®EILI2 NIi @

Design Builder Lighting sheet i EED Minimum Energy Performance Calculatésm)

LI108-B, L108-P Occupancy sensor controls in the baseline/budget and proposed design are
modeled as reported in the Compliance Form

Since occupancy sensors are modeled by reducing hourly values in the lighting schedule, the review
should focus on verifying that modified schedule reflect tlseupancy sensors reported in the
Compliance Forrimcluding the following:

a. Reduction in hourlighting scheduldractions does not exceethe allowed limit
b. Reduction in hourly lighting schedule fractions is only applied to modeled lighting power for
which occupancy sensors are specified and not all lighting.

For additional verification, if available in model output reports, check that modeled schedules reflect
building occupancy types including appropriate seasonal and weekly variation. For example, if the
building occupancy type is a school that closes dutisgsummer months, then thightingschedules
should be reflective of this seasonal occupancy pattern. Refer to the Operating Schedule tab in the
Compliance Form for anticipated building occupancy patterns.

Refer t090.1 2022SectionG3.3PerformanceCalculations for Other Alteratiorier review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

eQUEST Reports
TraneTRACFEO0O
Trane TRACE 3D
Plus

IESVE SOFTWAR TBD
EnergyPlus
OpensStudio
Carrier HAP v5
Design Builder

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 100



L109-B, LI09-P Daylighting controls in the baseline/budget and proposed design are
modeled as reported in the Compliance Form

Verify simulation reports to confirm that daylighting controls are modeled as reported in the
Compliance Form. Focus on the following:

a. Daylighting controls are applied only to the lighting fixtures that have such controls based on the
information provided in the Compliance Form

b. Modeled daylighting control settings are as specified including but not limited to the target
illuminance levels and continuous versus stepped dimming.

eQUEST Reports
TraneTRACFEOO
Trane TRACE 3D
Plus

IESVE SOFTWAR TBD
EnergyPlus
OpensStudio
Carrier HAP v5
Design Builder

LI10 Modeledinterior lighting runtime hours are realistic

Review Tips

1. The check is automatically performedtire Quality Control Checks tab of the Compliance FHéom
alterations subject to 90.1 2022 G3i3., Minor Alterationsjhe baseline design runtime hours will
not auto populate accurately since the project is not inputting baseline model inputs into the
Compliance Form).

2. Modeled lighting schedules describe how lights are used throughout the day and during different
days of the weeke(.g.,weekdays vs weekends). The lighting schedules are comprised of 8760 values
that represent percentage of the design wattage thdttisiuring each hour of the year. Hourly
valuesof 1 indicates that 100% of the specified lighting is on during that hour. Hourlys\afl0e05
indicates that 5% of the specified lighting is on during that hour. Effective Full Load HoursafeFLH)
equal to the sum of the hourly schedule fractions over the year. EFLH represent the number of
hours lights must be fully on in order to consume the equivalent amount of energy.

EFLH = LEU/ TLW
LEU=simulated annualighting energy use [KWh]
TLW = total lighting wattage from Table 1 of théerior Lighting Summary tatab [kW]

90.1 Section 9.4.1.1 requirésrning offmost noremergencylights during unoccupied periods
Furthermore, during the hours whehe building is occupied, not all lightseaonat all timesdue to
occupancy sensors, daylighting controls #mgluse of manual lighting contral$ypical lighting
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EFLH for common building types without accounting for controls are included in Appgeiodittis
Manual.
3. EFLH may be used to perform the following checks:

a) EFLH in th€erformance Rating Methdohseline do not exceed typical provided in
AppendixA. While EFLK significantly highele.g.by more thar20%)than those provided in
AppendixA may bejustified by nonstandardbuildingoperation(e.g. an office building
occupied 16 hours a day)nrealistic values should be flagged by revieviersause it
exaggeratsthe lightingrelated performance penalty/credifoolow EFLH underestimate
the lighting penalty/credit

b) EFLH fothe ECBhudget and proposed design models are the same unless proposed design
has improved lighting controls reported in Table 1 of the Interior Lighting Coun(ghiakiip
also applies to alterationsubject t090.1 2022 Section G3.3).

Table 1: Lighting Fixture Counts Total for Area (ft): Automatic Daylighting C. Automatic O
. Hoe 22 g | T %
= c L g 2 8 3 w2
= =5 ®5 5| 53 = S5
e T o S o S| Ed a5 G <
Space Name 2 s s ER = S
= Sa | Sa 3 S o S g a
5 =L £ S| 24 s B o
. - = 25 25 @ g = el £ o
Thermal Block Name from Lighting Plans. Space/Building Area Type S s & o 2 £ o 3 S
. L 5 a a s = 5
drawings) Model Dwg# Multiplier (90.1-Section 9) & & E
Corr 101 Corrl E101 | 1 Corridor/All Other | o /- nfa No 261 N N No Ye:
Trash 102 Corrl E-101 1 Storage Room/<50 ftA2 0 N No No 23 N N No No
Stair 103 N Stairl E-101 1 Stairwell 0 /: nfa No 46 N N Yes Yes
Stair 104 S Stairl E101 | 1 Stairwell 0 n, n/a No 46 N N Yes Yes
» ... | Interior Lighting Counts | Interior Lighting Model Inputs Exterior Lighting Ventilation - Multifamily Prop ... (&) 2

eQUEST Reports BEPU

TraneTRACEOQOO | LEED Summary Section 1.6

TraneTRACE 3D| Lighting and Daylighting Summary report
Plus

IESVE SOFTWA| BPRM ReporlRoom Loads Report, Zone Loads Re@ystem Loads Report,
Energy Model Output Report, PRM Compliance Report, ECB Compliance R

EnergyPlus SLX dzadof dKGYE W[ EIARLYVYISINAEKY | RE®

OpenStudio SLX dzadof dKGYE W[ AIKGAYI {dzYYIl NBEQ

CarrierHAPV5 G 995 {dzYY,{ B ARYLIANI daAyAYdzy 9y S
GFrofS GAGESR at NPLRASR 9ySNHe& { dzvy

Design Builder | LEED Summary Reports in Output Summary Document

LI11 The difference in the interior lighting annual energy use of the baseline(budget) and
proposed design iseasonable

Review Tips

1. Thedifferencebetweenthe baseline (budgetindproposed annual lighting energy use (kVigh)
driven bythe difference in the lighting wattagand controlsof the two models.Theexpected
patterns are described below.

TLWPFOP* LCC LTWbudget"‘ LElplrop/ LEUoudget
LCC = proposed design lighting controls credit.

- ForPerformance Rating Method.CC=@.may be assumef(l.e. ~30% reduction in lighting
energy due to 90.inandatory lighting controls and any additional controls that are spegified
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- ForEnergy Cost Budget and alteratisbject t090.1 2022 Section G3(Be., Minor
Alterations) LCC=1 the proposed design does not have dighting controls in addition to
those required by 90.1, or ~ 0.9 if additional lighting controls are specified.

Difference in the lighting energy use between baseline/budget and proposed design that does not
follow this expected pattern may indicate that lighting was not simulated correctly and should be
flagged in the reviewHowever, he expected change in lighting energy use may be different on
projects using spacky-space method, as shown in examples below.

Example 160,000ft2 dormitory building includes 30,00 of dorm rooms (dormitory living
guarters space type) with 0.3 Vft? specified lightingand 30,000ft2 corridors (corridor space type)
with 0.8 W/ft? specified lightingCorridor lighting has bilevel occupancy sensor controls meeting the

minimum requirements i®0.1Table 9.6.1The projectfollows ECBandusesthe building area
method for the lighting calculations

Based on 90.1 Table 9.5.1, the building area allowance is 0.61\®0.1Table 9.5.1)This LPD must

be modeled for all spaces in the budget model. The proposed LPD is
(30,000*0.3+30,000*0.8)/60,000=0.2mdmust be modeled in all spaces. The annual lighting
energy use in the proposed design is expected to be 0.55/%P6 of the budget lighting energy

use.

Example 2Same project as in Example 1, e spaceby-space method is used.

90.1Table 9.6.1 haanallowance of 0.54 Wit2 for dormitory living quartereand0.66 W/ft? for
corridors.Lights are typically on-8 hours per day in the living quartemsd 24 hours per day in
corridors. Based 080.1Table G3.7, Hevel lighting controls in corridors result in 25% runtime
reduction that will be applied to both the budget and proposed lighting. Based on the above
assumptions, the proposed lighting energy use is expected to be
(0.3*30,000*4+0.8*30,000*24*(9.25)/(0.54*30,000*4+0.66*30,000*24*(D.25)) ~ 110% of the
budget lighting energy use.

eQUEST Reports

BEPU

TraneTRACEOQOO

LEED Summary Section 1.6

Trane TRACE 3C
Plus

Lighting and Daylighting Summary report

IESVE SOFTWA| BPRM ReporlRoom Loads Report, Zone Loads Re@ystem Loads Report,
Energy Model Output Report, PRM Compliance Report, ECB Compliance R¢

EnergyPlus SLX dzadof ®KGYE W[ AIKAIGAY3I {dzYYIFINEQ N

OpenStudio SLX dzadof ®KGYE W[ AIKAIGAY3I {dzYYIFINEQ N

Carrier HAP v5

G[ 995 {dzZYYlI NEé¢ NBLR2NI> {SOGA2Y H=
ilotS GAGESR at NPLRASR 9y SNHE { dzYy

Design Builder

LEED Summary Reports in Output Summary Document
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Lighting, Exterior (LE)

Overview

LightingExteriorcheck group addressexteriorlighting and controlsTable 8 summarizes the checks
included in this group.

Table8: Lighting, ExteriolChecks Overview

Proposed Baseline/Budget
Type of Check Design Design
CF inputs reflect design documents LEO1P NA
N CF inputs reflect requirements BCB/PRM NA LEO1B
lel)%tc\tllgrg Meet mandatory requirements LEO2P NA
Simulation inputs consistent with CF LEO3P LEO3B
Simulation outputs consistent with CF NA NA
CF inputs reflect design documents LEO4P NA
Lighting CF inputs reflect requirements BCB/PRM NA LEO4B
Controls Meet mandatory requirements LEOSP NA
Simulation inputs consistent with CF NA NA
Simulation outputs consistent with CF LEO6P, LEO7 | LEOEB, LEO7
LEGEND
PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of the
Compliance Form

The following strategies may be used to prioritize the review:

1. For checks that verify the specified fixture wattages, focus on fixtures that account for the largest
total exteriorwattage on the project and spatheck the rest.

2. For checks that verify the specified fixture counts, focugxterior applicatiortypes that account
for the largest total wattage and spaheck the rest.

3. Exterior lighting allowances and controls prescribe€lGril Section 9 are mandatory and must be
met where applicable. Perform the checks to verify that mandatory requirements areisived the
prioritization techniques described in #1 and 2 ahove

4. ForECBrojects, exterior lighting tradeffs are not allowed (i.e., the exterior lighting is not an
impactful end use), thus review is limited to verifying that the reported exterior lighting wattage and
controls are as specified and meet the mandatory requiata.

For 90.1 2022 PRHlterations subject to G3.@.e., Minor Alterations)the summary tables on the

Quality Control Checks tab in the Compliance Form may not reflect correct values for the baseline since
projects, for the most part, only enter proposed design information and provide notes as to what was
modeled in the baselinaithe notes fields associated with the proposed design related tables. Refer to
the 90.1 2022 Section G3.3 Performance Calculations for Other Alteragatisn for more information
regarding 90.1 2022 G3.3.
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LEO1-B BaselindB udget exterior lighting Power is established correctlyin the Compliance
Form

90.1 2016and 20192022 ECB

Table 11.5.1 No Column B Table 2.5.1 No 1 Column B

Except as specifically instructed in this table, all building systems and equipmstibe modeled
identically in thebudget building design and proposed desigrterior lightings not explicitly listed in
Table 11.5.1M2.5.1, this is not a tradeff opportunity and must be modeled the same in the Budget
building as specified in the proposed design.

90.12016and 2019 PRM

Table G3.1 No 6, Baseline Building Performance column

OEGSNAZ2NI f AGKGAY3T Ay FNBFa ARSYGAFTASR 4 G¢NIRIOE
baseline lighting power shown in Table G3.6. Other exterior lighting must be modeled the same in the
baseline building desigas in theproposeddesign

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Sameas theTable G3.1 No 6, Baseline Building Performance cotamquirements described abover
the 90.1 2016 and 2019 PRM

G3.3 Minor Alterations
Alterationssubject toSection G3.3.2.{i.e., Minor Alterationsgare required to modelradableexterior
lightingasminimallycompliant with 90.1Section 9.1.1.3.th the baseline design model.

Review Tips
1. Baseline/budget exterior lightinggattageis shown in Table 1 of the Exterior Lighting. thls
established automaticallgased on the following user inpufgefer tothe 90.1 2022SectionG3.3
PerformanceCalculations for OtheAlterationssectionfor the location of the baseline lighting
wattagefor alterationssubject t090.1 2022 Section G3:3
a t N22S0iQa SEGSNA2NI f A3KdAy3d T2yS o6FaSR 2y on
b. Exterior lighting applications for which lighting is specified in the proposed design
c. Thesurfacearea or lengthof the exterior lighting applicatiofe.g, area of the parking that
or length of entrance door) that has exterior lighting specified in the proposed design.

J
! Lighting Schedules Dwg # E-103 Insert Column
i |Exterior Lighting Zone (90.1 Table 9.4.2-1) | Zone 2 \ Fixture Label:) E1 @ AS
L ? ‘Maximum Fixture Wattage:| 9.0 | 75.0 B
3 | Freeze Panes 2 lempt Lighting Application?| No | No [ No Proposed Design Exterior Lighting Baseline Design Exterior
H J&agal Fixture Counts: 2 - Power [Watt] Lighting Power [Watt]
FIXTURE COUNTS P _ _
z El 2
- j J - J J Enter fixture Lighting Exempt ?ﬂta,l Sy Lighting Power Tﬂta,l o iy
Exterior Area Allowance Type | Requiredl| Total Area Multi-| Plans/ e f h Power Bt Lighting Powe Excludin Lighting Power
Mame Reference | Exterior Lighting Application (Tradable or  |Input (Are; (2 or o Spec ;ﬁ;ior:;::c" Excluding g including [ ptg including
{Optional) Nontradable) | or Length! Length (ft) Rated Input E-IE!T_IDt Power E_IEI’I‘_IDE Lighting E_lEl’ﬂ_Dt
or Other [ — Lighting Lighting Lighting

3 Walkways less than 10 ft wide Tradable Length 40 1 2 18 - 18 40 40
] Main entries Tradable Length 15 1 3 225 - 225 450 450

« » ...| Interior Lighting Model Inputs Exterior Lighting | Ventilation-M ... &) ]

2. Confirm that an appropriate exterior lighting zone is selected for the project based on the
definitions below from Table 9.4.B
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a. Zone 0Undeveloped areas within national parks, state parks, forest land, rural areas, and other
undeveloped areas aefined by the authority having jurisdiction
b. Zone 1: Developed areas of national parks, state parks, forest land, and rural areas

c. Zone 2Areas predominantly consisting of residential zoning, neighborhood business districts,
light industrial withlimited nighttime use and residential mixed use areas
d. Zone 3: All other areas

e. Zone 4: Higactivity commercial districts in major metropolitan areas as designated by the local
jurisdiction

Some AHJ and RAs nspecify theexterior lighting zonethat must be usedbased on the project
address.

3. Use Table 1 of the Exterior Lighting tabderitify exterior lighting applications with the greatest
differencein wattage between the baseline and proposed design. Refer to the exterior lighting plans
drawings to confirnthat entered surface area or length are not exaggerafiue input must reflect
the areaor lengthof the surface in the proposed building that is illuminated to some industry
standard, such as the IESNA Handbook. It is the responsibility of the design team to identify the
illumination design standard and the area actually illuminatedll@strated in the following figure
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Onlythe areasthat are illuminated withoubbstructionmay be included

Each portion of the illuminated areaustonly be assigned one lighting applicaticonsistent

with the actual use of the area. Any overlapping areamdther lighting applicationsuch as a
pathway crossing the parking lohustbe subtracted from the area of the other lighting
application.

The allowed area of a site roadway, driveway, sialkywwalkway or bikewaghouldbe
determinedas either he actual paved area plus 5 feet on either side of the centerline path of
travel; ora 25-foot-wide area running along the axis of the path of travel and including as much
of the paved areaf the site roadway, driveway, sidewalk, walkway or bikeway as pogsible

3. CommonMistakes

a.

Modeling different exterior lighting between the budget and proposed design thétECB

path.

Includingareasof the proposed desigthat are not illuminated or incorrectly accounting for
partially illuminated areasyhen calculating the baseline exterior lighting power. For example, if

17 California Title 24
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the proposed design has an uncovered parking lot that has no lighting spetiféegiterior
lighting allowance for the uncovered parking areas in 90.1 Table G3.6 cannot be included in the
baseline.

c. Doublecounting areas when calculatitige baseline exterior lighting power allowance. For
example, the baseline lighting allowance for the walkway trassesan illuminated parking lot
can be determined based on the parking lot allowarmarevalkway allowance i80.1Table
G3.6, but not bothlf walkway allowance is used, tivalkway area calculated as described in #3
above musbe subtracted from the parking lot areesed to calculate the parking lot baseline
lighting allowance

d. Modeling baseline lighting for netnadeable surfaces based on the full allowanc@nl Table
3.6.The baseline no#iradeable lighting musbe modeled as specified 80.1 Table G3.6 or
based on the proposed lighting for each rmadeable applicationwhichever is lower

LEO1-P Proposedexterior lighting power reported in the Compliance Form reflects design
documents.
90.1 2016and 2019/2022 ECB

Table 11.5.1 #6 Column A (a) and/(bable 2.5.1 #6 Column A (a) and (b)
Where a complete lighting system exists, the actual lighting power should be used in the model. Where

a complete lighting system has been designed, lighting power must be determined in accordance with
Sections 9.1.3 and 9.1.4.

90.1 20162019and 2022PRM
Table G3.1 No.6 (a), (b), (d)
a. Whereacomplete lighting system exists (e.m a renovation project where lighting is left as is),

the actual lighting power must be modeled.
b. Where a lighting system has been designed, lighting power must be determined in accordance
with 90.1Sections 9.1.3 and 9.1.4
c. The input wattage of specified fixtures mustlude all power used by the fixture including
lamps, ballasts, transformers and control deviaesibe based onth& | v dzF I OG dzZNE NE Q f |
maximum wattage of the luminairdhe lamp and ballast combinatioshown on drawings may
result in lower input wattage that the maximum ratedidthus cannot be used for compliance
calculations.

Review Tips
1. Theexteriorlightingwattage is reported in Table 1 of the Exterior Lighting tab and include the
following:
a. Lighting fixtures used for exterior lighting applications and the maximum fixture rated wattage
for each.
b. Number of fixtures of eactype specified for each exterior lighting application
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Lighting Schedules Dwg # E-103
|Exter'||:|r Lighting Zone (80.1 Table 9.4.2-1) | Zone 2 Fixture Label:| E1 | AS
% | Maximum Fixture Wattage:| 9.0 | 75.0
Freeze Panes ¢ jempt Lighting Application?| No | No [ No
Total Fixture Counts: d 3 S
IXTURE COUNTS
- 2| 2] 2| -
- J . Enter fixture
Exterior Area Allowance Type | Required | Total Area .
o L Multi- | Plans/ | counts for each
Name Reference Exteriar Lighting Application [Tradable or |Input (Area Iﬂzl or plier Spec exterior area. If
(Optional) Nontradable) | or Length) Length (ft) Rated Input
ar Other Wartare is
Walkways less than 10 ft wide Tradable Length 40 1 2
Main entries Tradable Length 15 1 3
» ... | Interior Lighting Model Inputs | Exterior Lighting = Ventilation -M ... (&) 4

2. Use Table 1 of the Exterior Lighting tabderitify lighting fixtures thatontribute the most toward

the total specified lighting wattage based on theduct of the Maximum Rated Fixture Wattage

and Total Fixture CountRefer to the Lighting Schedule drawings to establish the manufacture and

model number for the fixtures. Check the manufacturer information to confirm that the maximum

NI G§SR FAEGAZNB 61 GGF3IS NBLRNISR Ay GKS O02YLIX Al yOS
3. Use Table 1 of the Exterior Lighting tabdernitify exterior lighting applications with the greatest

differencein wattage between the baseline and proposed design. (The top contributors are also

shown on the QC tabRefer tothe exteriorlighting plangdrawings to confirnthat fixture types and

counts for these spaces reported in the Compliance Form match design documents

Lighting Schedules Dwg & E103 ReiXGokimn
4.32-1) [ Zonez | Fixture Label:| E1 [ 45
2 | Maximum Fixture Wattage:| 50 | 75.0 [ 2]
s }empt Lighting Application?| No | No | No Proposed Design Exterior Lighting Baseline Design Exterior
Total Fixture Counts:| 2 3 - Power [Watt] Lighting Power [Watt]
FIXTURE COUNTS B " -
ﬂ ﬂ ﬂ ﬂ Enter fixture Lighting Exempt Total Exterior Iighting Powel Total Exterior
Allowance Type | Required | Total Area d Power - Lighting Power - Lighting Power
Multi Plans/ §counts for each Exterior Excluding
Exterior Lighting Application (Tradable or  |Input [Area lﬂzl or lien Spec — e Excluding Lightin including T including
Nontradable) | or Length) Length (ft) = > Re;';; Iareai Exempt Ps:rwerg Exempt Lightin Exempt
P oied e Lighting Lighting L Lighting
Walkways less than 10 ft wide Tradable Length 40 1 E23 2 18 - 18 40 40
Main entries Tradable Length 15 1 E24 3 225 - 225 450 450
« » .. | Interior Lighting Model Inputs | Exterior Lighting | Ventilation - M ... (§) 4

4. Common Mistakes
a) Proposed fixture wattage is based on the specified lasmqmyy 2 & G KS Y I ydzF I O dzZNB NI
maximum wattage of théuminaire.
b) Exterior lighting wattage is excluded for compliance calculations. Submittals with no exterior
lighting should be flagged.

LEO2-P Specified exterior lighting meets 90.1 mandatory requirements

Review Tips

1. Table 2 of the Exterior Lighting tab shetie total specified exterior lighting wattage alongside the
total exterior lighting power allowance in Table 9.4.2.2. Since the exterior lighting requirements are
mandatory, projects where the total specified exterior lighting exceeds the exteriomgpbwer
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allowance should be flagged as not complying with 9Refer tothe 90.1 2022SectionG3.3
PerformanceCalculations for Othehlterationssection for review tips for alteratiorsubject t090.1

2022 Section G3.@.e., Minor Alterations)

Table 2: Exterior Lighting to Be Modeled

Instructions
1. The table shows the modeling inputs for exterior lighting.
2. The same schedules reflecting the mandatory exterior lighting controls are to be modeled in the

baseline/budeget and proposed design models.

4

rl
Proposed Design Baseline J _ B
Lighting Power Design [Watt] Tﬂta_l Exterior Pro ad Esesi n
Type including Exempt including Lighting Power SisE =
Ao Allowance, per 90.1 Relative to
Lighting 2=l Allowance
(Watt] Lighting Table 9.4.2-2+
Exempt [Watt]
Total Tradeable 243 450 230 -5.7%
Total Non-tradeable - -
Base Site Allowance = - 400 -
Total 243 490 I 630 I 61.4%
Interior Lighting Model Inputs | Exterior Lighting | Ventilation - Mult

2. Table 1 of the Exterior Lighting tab shows the total wattage of exterior lighting specified for the
individualnon-tradeable exterior lighting applications alongside their corresponding lighting power
allowances from Table 9.4.22 Projects where specified lighting for at least one traleable
exterior lighting application exceeds the corresponding allowanceilshbe flagged as not
complying with 90.1Refer tothe 90.1 2022SectionG3.3PerformanceCalculations for Other
Alterationssection for review tips for alteratiorsubject t090.1 2022 Section G3(Be., Minor

i Lighting Schedules Dwg # E-108 Insert Column i
4.2-1) Fixture Label:| E1 | A5 [A10
2 | Maximum Fixture Wattage:| 90 | 750|345 ? Z
3 [emm Lighting Application?| No | Mo | No Proposed Design Exterior Lighting Baseline Design Exterior Individual Lighting Power
Total Fixture Counts:| 2 3 5 Power [Watt] Lighting Power [Watt] Allowance [Watt]
2 B = FIXTURE COUNTS R— q n .
ﬂ H . L] 2l Ererfiqure | DEPHNE | poppy | TOTEIEKENOT i Power | 1O BRSION | ing Power | IPividual
Allowance Type | Required | Total Area | yyiei- | pians/ b o | power Extarior | LiENting Power| “S0 LR L Lighting Power ~=( L &0 ™ | Lighting Power
Exterior Lighting Application (Tradable or | Input (Area (ﬂzl or lier Spec ;:‘m_ or Ea(" Excluding Lightin including Examplg including Euemplg Allowance
Nontradable) | or Length) | Langth (7t) | © = eriorarea. Exempt Jrirz Exempt == Exempt — Including
ength (ft) Rated Input B Power - Lighting p— Lighting
or Other [ ———, Lighting Lighting Lighting Exempt
Walkways less than 10 ft wide Tradable Length 40 1 E23 2 18 18 40 40 20 20
Main entries Tradable Length 15 1 E24 3 225 225 450 450 210 210
I Building Facades, Area Nontradable I Area 2000 1 E35 5 173 173 173 173 I mz\goll.:‘; to ”3;6'0“:}‘; te
Ventilation - Mu ... &) 4

4

Interior Lighting Model

Inputs

Exterior Lighting

e

LEO3-B,LEO3-P Modeledbaseling budget and proposed exterior lighting power reflects
the wattages reported in the Compliance Form.

Review Tips
The modeled baseline/budget exterior lighting wattage must reflect the values reported in Table 2

of the Exterior Lighting tafgefer tothe 90.1 2022SectionG3.3PerformanceCalculations for Other
Alterationssection for the location of the baseline lighting wattage for alteratismigject t090.1

2022 Section G3.3)

1.
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Table 2: Exterior Lighting to Be Modeled

Instructions

1. The table shows the modeling inputs for exterior lighting.
2. The same schedules reflecting the mandatory exterior lighting controls are to be modeled in the
baselinef/budget and proposed design models.

Proposed Design Baseline ﬂ ) _
Lighting Power Design [Watt] 'I_'ota_l Exterior eSS O_f
Type including Exempt including Lighting Power Proposer_i =
Lighting e Allowance, per Relative to
[Watt] Lighting | 30-1Table9.4.2-2 Allowance
+ Exempt [Watt]
Total Tradeable 243 450 230 -5.7%
Total Non-tradeable 173 173 173 -
Base Site Allowance - - 400 -
Total | 25 | | 883 | 803 48.2%
» ... | Interior Lighting Model Inputs Exterior Lighting | Ventilation - I

2. Depending on the reporting capabilities of the simulation tool used on the project, the inputs can be

verified in the input or output reportsas follows:

1 Use simulation input reports toevify that the exterior lightingvattage entered intadhe
simulation tool matches the wattage reported in the submittal

1 Use simulation oytut reports to verify thathe modeledlighting peak demandoes not exceed
the exterior lighting wattage reported in the submittdlhe exterior lighting peak demand
occurs at nighandthus does not coincide with the building overall electricity peak wbwturs
in thelate afternoon for most building types.

PLD<=LTW

PLOKW] = peak exterior lighting demand basedtbe simulation output reports
LTW kW] = design exterior lighting wattage reported in the submittal

eQUEST Reports

PSE

TraneTRACEOO

LEED Summary Section P#nt Information entered values report

TraneTRACE 3D
Plus

Utility Peak Demand Summary

IESVE SOFTWAFR

BPRM ReporRoom Loads Report, Zone Loads Re®@ystem Loads Report,
Energy Model Output Report, PRM Compliance Report, ECB Compliance R

EnergyPlus SLY dzadof oKGYE W AIKGAYI {dzYYI NEQ )
OpenStudio SLY dzadof oKGYE W AIKGAYI {dzYYI NEQ )
CarrierHAPV5 Ly Ldzi 51 G Y Daté dzZNB RIR2 NH ®L y hddzi Lddzi 5 I

{ SOGA2Y H daAyAYdzy 9y SNHE& t SNF2N)I
9y SNH& {dzYYINEB o6& 9yR !aS¢o

Design Builder

Exterior Lighting Table iQutput SummaryDocument
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LEO4-P Exterior lighting controls reported in the Compliance Form reflect design

documents

Refer to the Exterior Lighting tab of the Compliance Form to confirm that the exterior lighting controls
are reported as specifiedkocus on exterior lighting applications that account for the largest reported
exterior lighting wattage.

LEO4-B Exterior lighting controls reported in the Compliance Form for the baseline/budget
design are established correctly

Exterior lighting controls must be the same in the baseline/budget as in the proposed design. No trade
offs in this area are allowed by eithtte Energy Cost Budge Methodthe Performance Rating

Method.

LEO5-P Specified exterior lighting controls meet 90.1 mandatory requirements
90.1 20162019and 2022The Energy Cost Budget and Performance Rating Methods
Section 9.4.1.4ncludes exterior lighting control requirements. This section is mandatory, and thus must

be met by project documenting compliance followiBgergy Cost Budge Methad Performance Rating
Method.

Review Tip
Review design documents to confirm that exterior lighting controls required in Section 9.4.1.4 are met.

LEO6zP Modeled exterior lighting runtime hours in the proposed designare reasonable

Review Tips

1. Following Section 9.4.1.# 90.1 2016 and 201&e exterior lighting must be controlled to turn off
when sufficient lighting is availabéandturned off or operate atawattage reduced by at leas$0%
during nonbusiness hourgapplies to most exterior lighting applications 90.1 2022)ese controls
are mandatoryandthus must be specified on all projec®us, he modeled exterior lighting
runtime maybe up to 12 hours / day (880 hours per year) for facilities opened 24/7, such as
hospitals. Lower runtimée.g, 6 hours per dayis expected for othebuildingtypes due to lighting
control requirementsn 90.1 Section 9.4.1.4

EFLH=LEU/LTW
EFLH [hrs/yr] = exterior lighting effective full load hours
LEU [kwh] = annual exterior lighting energy use, based on the simulation output reports

The review check should be performed only Parformance Rating Methggrojects.

- EFLH>4380 should be flagged as a likely error
- EFLH<2190 (less than 6 hours per day) are reasonable fét4ddiacilities and should be
accepted.

- EFLHbetween 2190 and 4380 should be investigatedPamformance Rating Methogrojects
that have proposed exterior lighting energy use significantly lower than the baseline.
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eQUEST Reports | BEPU

TraneTRACEOO | LEED SummaSBection 1.6
TraneTRACE 3D | LEED Summary Section 1.6
Plus
IESVE SOFTWAR BPRM ReporRoom Loads Report, Zone Loads Refgystem Loads Report,
Energy Model Output Report, PRM Compliance Report, ECB Compliance R
EnergyPlus SLX dzadof dKGYE W[ AIKGAY3I {dzYYlF NBEQ N
OpenStudio SLX dzadof dKGYE W[ AIKGAY3I {dzYYlF NBEQ N
CarrierHAPV5 G[ 995 {dzYYIFI NBEé¢ NBLRNIXZ {SOGA2Yy H
GroftS GAGESR at NBLR2AaSR 9ySNHe@ { dzvy
Design Builder Lighting sheet ik EED Minimum Energy Performance Calculator (.xlsm)

LEQ7 Difference betweenthe baselingb udgetand proposed exterior lighting energy is as

expected

Review Tips

1. 90.12016/2012022 Energy Cost Budge Metho&ince exterior lighting is not a traaéf
opportunity, the annual exterior lighting kWwh must be the same intithdgetand proposed design.
Energy Cost Budge Methgdojectswith different exterior lighting energy use in budget vs
proposed design should be flagged.

2. 90.1Performance Rating MethadSince the exterior lighting controfse., lighting runtime) must be
the same between the baseline and proposed dediga differercein the annual baseline versus
proposedexterior lightinguseis expected to beirectly proportional to thedifferencein the
exterior lighting wattage reported in th€able 2 of the Exterior Lighting tab of the Compliance Form
For example, ithe proposed exterior lightingvattage reported in the submittal is 20% lower than
the baseline, he proposed exterior lighting kWh are expected to be also 20% lower than the
baseline exterior lighting kWIHRrojects where this relationship does not hold should be flagged.

Performance Rating Method LTWorop/ LTWhase= LEUop/ LEUbase
Energy Cost Budge Method LEWrop = LEWudget

eQUEST Reports BEPU

TraneTRACEOO | LEED Summary Section 1.6
TraneTRACE 3D| LEED Summary Section 1.6
Plus
IESVE SOFTWA| BPRM ReporRoom Loads Report, Zone Loads Re@ystem Loads Report,
Energy Model Output Report, PRM Compliance Report, ECB Compliance Re
EnergyPlus SLX dzadof dKGYE W[ AIKGAY3I {dzYYFINEQ N
OpenStudio SLX dzadof dKGYE W[ AIKGAY3I {dzYYIFINEQ N
CarrierHAPV5 G[ 995 {dzYYI NBE£¢ NBLRNIXZ {SOGA2Y H a
GFroftS GAGESR at NPLRASR 9y SNHE { dzYy]
Design Builder | Lighting sheet in LEED Minimum Energy Performance Calculator (.xlsm)
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Plug, Process and Other Loads (PPO)

Overview

This category includegeeptacldoads non-HVAGmotors, process loadgefrigeration equipment,

elevators and other systems and components reported on Plug, Process and Other Loads tab of the
Compliance Form. Some of these systems, such as certain refrigeration equipment and elevators, are

regulated by 90.1, while others@anot. Table 9 summarizes the checks included in this group.

Table9: Plug, Process and Other Loa@kecks Overview

Proposed Baseline/Budget
Type of Check Design Design
_ CF inputs reflect design documents
M'S‘;ega”eous CF inputs reflect requirements BCB/PRM | PPOOP PPOQ-B, PPOG
aEnquipﬁZi‘:‘s Simulation inputs consistent with CF PPOO4 PPOOB
Simulation outputs consistent with CF PPOO1 PPOO1
_ CF inputs reflect design documents PPOOSP
Commermal CF inputs reflect requirements BCB/PRM PPOO=B
Refrigerators ;
and Ereezers| Meet mandatory requirements
Simulation inputéutputs consistent with CF | PPO06 PPO06
CF inputs reflect design documents PPOOP
Regulated | CF inputs reflect requirements BCB/PRM PPOOB
Motors Meet mandatory requirements
Simulation inputéutput consistent with CF | PPO08 PPOO08
CF inputs reflect design documents PPO0O9P
Elevators | CF inputs reflect requirements BCB/PRM PPO0OB
Simulation inputéutputs consistent with CF | PPO10 PPO10
Combined | CF inputs reflect design documents PPO11P PPO11B
Heat and | CF inputs reflect requirements BCB/PRM
Power Simulation inputfutputs consistent with CF | PPO12 PPO12
LEGEND
PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of tikampliance
Form

Table 10 illustratewhether tradeoffs are allowed for systems and components included in the PPO
category bythe Energy Cost Budget and Performance Rating Metlibttadeoffs are not allowed, the
review should be limited to verifying that the energy use of the associated systems and equipment is the
same in the baseline/budget and proposed desigds.other checks are necessary.
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Table 1090.1 Tradeoff Limits for Plug, Process and Other Loads

2016and 2019 PRM anc
Jol6EcE | 20192022 2022 G3.PRM 2022 PRM G3.3
ECB Min. Above Min.
: . Above code

compliance code compliance
Miscellaneous
plug and process No No No Yes No Yes
equipment
Commercial
refrigerators and No Yes Yes Yes Yes Yes
freezers
Regulated Motors Yes Yes Yes Yes Yes Yes
Elevators No No Yes Yes Yes Yes
CTlIee e Recovered Heat Only
and Power

In addition, &ip review checks for the following systems and componéritey are not reported in the
Compliance Form and are not expected to be specified
a. Elevatorsn buildingstwo stories or less
b. Commercial refrigerators and freezensbuilding types other than convention center, retail,
school/university, dining, health care clinic, hospital or warehouse
c. Regulated motors in buildings 10 stories or less
d. Combined heat and power in any project

Within the given type of equipment, focus on verifying units with the highest contribution to the total
energy use of that category or that are representative and sphaick the rest. For example giproject
includes 10 passenger elevators of the same type and two service elevators, the review should focus on
the passenger elevator.

For 90.1 2022 PRM alterations subject to GBe3, Minor Alterations)the summary tables on the

Quiality Control Checks tab in the Compliance Form may not reflect correct values for the baseline since
projects, for the most part, only enter proposed design information and provide notes as to what was
modeled in the baselinia the notes fields associated with the proposed design related tables. Refer to
the 90.1 2022 Section G3.3 Performance Calculations for Other Altersgation for more information
regarding 90.1 2022 G3.3.

PP@1 The differencebetweenthe modeled baseline/budget and proposedmisc.
equipment and processenergy use is as expected

Review Tips
1. Modeled energy use from miscellaneous equipmandl industriais reported in Table 2 of the
Compliance Calculations tab
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a) 90.1 2016/2012022 Energy Cost Budge Method 90.1 2016/2012022 Performance Rating
Method minimum code compliance:
Modeled energy use of miscellaneous loads must be the same fdratbeline/budget and
proposed design. Differensén reported energy use should be flagged as an error.
Exception: 90.1 2019 and 2022 PRM projects can model credit when receptacle controls are
included in the proposed design in spaces not required by Section 8.4.2. Theaokdit
corresponding savingshall not exceed 10% per Table G3.1 #12 Proposed Building Performance
column.
b) 90.12016/20182022 Performance Rating Methohendocumeningabove code
performance
Energy use of the baseline may differ from proposed dessgspecifically approved by the
rating authority Complete checks PP®and PPOBto confirm that the difference is justified.
o 7]
Unregu- Energy Use L
End Use lated? Energy Type Units
Interior lighting Electricity kWh
Interior lighting (unregulated) X Electricity kWh
Exterior lighting Electricity kWh
Space heating MNatural Gas therm I
Space heating Electricity kWh
Heat pump supplemental heater Electricity kWh
Space cooling Natural Gas therm ]
Space cooling Electricity kWh
Pumps Electricity kWh
Heat rejection Electricity kWh
Fans - interior ventilation Electricity kWh
Fans - parking garage Electricity kWh
Service water heating MNatural Gas therm ]
sencewater heatine Eleciricity ANl
Misc equipment X Natural Gas therm ]
Misc equipment X Electricity kWh
Industrial process X Electricity kWh
Refrigeration equipment (regulated) ﬁectricit\r kWh
Refrigeration equipment (unregulated) X Electricity kWh
Elevators and escalators Electricity kWh

.. | Exceptional Calculations | Compliance Calculations | |

PP@2zP Proposed design nscellaneous unregulated plug and process loads reported in
the Compliance Form areas expected

90.1 2016ECB

Table 11.5.1 #12

1 Unregulated eceptacleand process loadsiustbe estimated based on the building area type or

space type categorgnd ircluded in the simulations andhen calculating the energy cost budget
and design energy cost.
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1 All enduse load components within and associated with the buildimgtbe modeledncluding but

not limited to exhaust fans, parking garage ventilation famsggor building lighting, swimming

pool heaters and pumps, elevators and escalators, refrigeration equipment, and cooking equipment.
Table 11.5.1 Secti@il3 allow excludingcomponents if theienergy use does not affect the energy use
of systems and components that are being consideredrimte-off andthe prescriptive requirements
applicable o the excluded componerare met.
Table 11.5.1 Section 1&llows excluding components that cannot be explicitly modeled by the
simulation program if their energy impact on the trad#s is not significant.

90.1 20192022 ECB
Table 11.5.1 #12/ Table 12.5.1 #12
Therequirementsfor modeling unregulated loadsre aligned with 90.1 2016 quoted abavEhe

references to Table 11.5.1 Section 13 and 14 were remdwedever the exceptions still apply because
they are covered ithe updatedTable 11.5.112.5.1 Section 14 thadddressesll systems and
components in the proposed design.

90.1 20162019, and 2022°PRM

Table G3.1 #12:

Unregulated eceptacle and process loads, such as those for officeotred equipmentmustbe
estimated based on the buildirayea type or space type categaapd mustalways be included in
simulations of thebuilding.

Review Tips

1. Miscellaneous unregulated plug loads are reported in Tabte the Plug, Process and Other Loads
tab of the Compliance Form. The table includes the default values established as described in
AppendixA of this manuabased on the building area types applicable to the projeobposed EPD
significantly deviating from the provided default values without sufficient justifications included in
the Notes field below the table should be flagged in the review.

Table 1: Miscellaneous Equipment Loads
Instructions
1. Document the modeling inputs and methodology used to model miscellaneous equipment loads in the proposed and baseline/budget design.

ﬂ Default Miscellaneous Equipment Load, Building Area Method (for ?
Reference) deled Misc. i Loads
] 0 .\ a
i s Ty BUET e ’ Emuieme: | Gl ol | = SRS
g Default Misc. _ ) ) X Proposed Used in Proposed
e A Power Full Load Modeling Method Basis o f Assume: d Equipment Power Density EPD EPD e
Density [W/ft’] fiow] Hours (] | W/l design?
A EPD AxEPD
Multifamily, common spaces 8,365 0.20 1.7 3,285 Space Type Category | Other (please explain in the notes field below) 0.2 0.2 Yes
Retail 24,750 0.30 7.4 4526 Building Area Type | Other (please explain in the notes field below) 0.3 0.3 Yes

2. Process equipment is reported in Table 4 of the Plug, Process and Other Loads tab in the Compliance
Form.Ensure that the project captureall uniqueend-use load components within and associated
with the building including but not limited to swimming pool heaters and purfiEeplaces, firepits,
BBQs, water features, etc.
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PP@2zB Miscellaneous unregulated baseline/budget plug and process loads reported in
the Compliance Formare the same as proposed unless allowed to differ

90.1 2016and 2019/ 2022 ECB

Table 11.5.1 #1/ZT'able 2.5.1 #12
Miscellaneous receptacle and process loads in the budget design must be identical to the proposed

design.

90.1 20162019, and 2022PRM
Table G3.1 #12
Energy used for cooking equipment, receptdoleds, computers, medical or laboratory equipment, and

manufacturing and industrial process equipmeot specificallydentified in the standarpgpower and
energyrating or capacity othe equipmentmustbe identical between th@roposed building
performanceand thebaseline building performance

ExceptionsWhen quantifying performance that exceeds tteguirements of Standard 90.1 (but not
when using thd®RMas an alternative path for minimustandard compliance per Section 4.2.1.1)
variations of thepower requirements, schedules, oontrol sequences of thequipmentmodeled in the
baseline building desidginom thosein the proposed desigishall be approved by theating authority
based on documentation that thequipmentinstalled in theproposed designepresentsa significant
verifiable deparmire from documented currentonventional practice. The burden of this documentation
is todemonstrate that accepted conventional practice would resubbaselinebuilding equipment
different from that installed irthe proposed designOccupancy and occupancy schedwdkall not be
changed.

Review Tips

1. Miscellaneous unregulated plug and process loads assumed for the baseline/budget design are
reported in Table 1 of the Plug, Process and Other Loads tab of the Compliance Form. The
baseline/budget equipment power density (EPD) must be equal to proposegtexbenthe

Table 1: Miscellaneous Equipment Loads
Instructions
1. Document the medeling inputs and methodology used to model miscellaneous equipment loads in the proposed and baseline/budget design.
7| Default Miscellaneous Equipment Load, Building Area Method (for H
Reference) deled Misc. Equi Loads
. :’J j Total ﬂ ﬂ
Building Area Type Building Area : Equipment Equivalent Baseline Same Schedules
1) Default Misc. . . : . Proposed Used in Proposed
Equipment Power Power Full Load Modeling Method Basis of Assumed Equipment Power Density EPD EPD and Baseline
Density [W/ft] tlew] Hours wyie] | W/l design?
A EPD AxEPD
Multifamily, commen spaces 8,365 0.20 1.7 3,285 Space Type Category | Other (please explain in the notes field below 0.2 0.2 Yes
Retail 24,750 0.30 7.4 4,526 Building Area Type Other (please explain in the notes field below* Yes

project is documenting aboveode performance following 90RRM as indicated in the General
Model Information section of the General Information tab. In this case, supporting documentation
must be included in the submittal to justify the heled difference

Energy Model Information [ '

J Compliance path I ASHRAE 90.1-2016: Appendix G r Above Code Performance I

| Enarov madsl hassd an 100% Canstructinn Dacuments Doriiman + Aatal 2/21/2020 |

IS PEEEIEI IOl Contact Information | General Information [BEEIEEEGH B - 4
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2. Review supporting documentation to verify that the methodology and assumptions used to
establish the baseline and proposed EPDs are substan@esteelquired in Table G3.1 #12 Exception
guoted above

PP@3 Miscellaneous unregulated plug and process loagthedulesreported in the
Compliance Formfor the baseline/budget designare the same agor the proposeddesign
unless allowed to differ.

90.1 20162019and 2022ECB

Table 11.5.1 #4Table 2.5.1 #4

The schedulesustbe typical of the proposed design as determined by the designer and approved by
the authority havingurisdiction and the samedr the proposeddesign and budget building design.

90.1 2016PRM

Table G3.1 #4

The schedulemustbe typical of the proposed building type as determined by the designer and
approved by the rating authority.

Table G3.1 #12

Occupancy and occupancy schedules must not be changed when documenting savings as allowed in
Table G3.1 #12 exception.

90.1 2019and 2022PRM

Table G3.1 #4

The schedulesustbe typical of the proposed building type as determined by the designer and

approved by the rating authority.

Table G3.1 #12

1 Receptacle schedulesustbe the same as the proposed design before the receptacle power credit
is applied.

1 Occupancy and occupancy schedules must not be changed when documenting savings as allowed in
Table G3.1 #12 exception.

Review Tips

1. Confirm that the same schedules are used in the baseline/budget and proposed design based on
Table 1 of the Plug, Process and Other Loads tab. Schedules are only allowed to differ for 90.1 2019
and 2022PRMprojects due to office receptacle controls.

Table 1: Miscellaneous Equipment Loads
Instructions
1. Document the modeling inputs and methodology used to model miscellaneous equipment loads in the proposed and baseline/budget design.

ﬂ Default Miscellaneous Equipment Load, Building Area Method (for ?
Reference) lodeled Misc. i Loads

Buildin??}(‘rea j i ﬂ j
Equipment | Equivalent proposed | Baseline

Power Full Load Modeling Method | Basis of Assumed Equipment Power Density EPD EPD
[kw] Hours /iy W/RA2)
AxEPD

Same Schedules
Used in Proposed
and Baseline
design?

Building Area Type 1 Default Misc.

Equipment Power
Density [W/ft?]
A EPD
Multifamily, common spaces 8,365 0.20 1.7 3,285 Space Type Category | Other (please explain in the notes field below) 0.2 0.2 Yes
Retail 24,750 0.30 7.4 4,526 Building Area Type | Other (please explain in the notes field below) 0.3 0.3 Yes

2. The allowed office receptacle control credit is reflected in Table 10 of the Plug, Process and Other
Loads tab of the Compliance Form.
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PPOO04 Miscellaneous plug and process loadre modeled as reported in the Compliance
Form.

Review simulation reportshown in the table belowo verify that the plug and process loads are
modeled as reportedenergy use from miscellaneous equipment and industrial is reported in Table 2 of
the Compliance Calculations tab

For additional verificationf availablem model output reportscheckthat modeled schedules reflect
building occupancy types including appropriate seasonal and weekly variation. For example, if the
building occupancy type is a school that closes during the summer monthghiaemiscellaneous plug
and process loadchedules should be reflective of this seasonal occupancy paRefer to the
OperatingSchedule tab in the Compliance Form for anticipated building occupancy patterns.

eQUEST Reports BEPU

TraneTRACEOQO | Energy Cost Budget report
TraneTRACE 3D| LEED Summary Section 1.6
Plus
IESVE SOFTWA| PRM Compliance Report, ECB Compliance Répaoth Loads Report, Zone
Loads ReportSystem Loads Report, Energy Model Output Report, BPRM Re
EnergyPlus SLX dzadof ®KGYE W[ 995 {dzYYlFI NBEQ NBLREZN
OpenStudio SLX dzadof ®KGYE W[ 995 {dzYYlFI NBEQ NBLRZN
CarrierHAPV5 G[ 995 {dzYYFINBE¢é¢ NBLRNIZX {SOGA2Y H a
GFrofS GAGESR at NPLR2ASR 9y SNH& {dzvy
Design Builder | Output_Performance_1 sheet tEED Minimum Energy Performance Calculat
(.xIsm)

PP@5-P Regulated commercial refrigerators & freezers reported in the Compliance Form
for the proposed design reflect design documents

90.1 2016ECB

Table 11.5.1 #12 Column Allenduseload components within and associated with the buildmgst
be modeled including, but not limited to refrigeration equipment.

Table 6.8.113 Commercial Refrigeratian Minimum Efficiency Requirements

Minimum efficiency requirements specified in the table are mandatory and must be met by the
specified units.

90.1 20192022 ECB

Table 11.5.1 #1&8olumn ATable 2.5.1 #13Column A Where refrigeration equipment in the
proposed design is rated in accordance with AHRI 1200, the rated energy use shall be modeled.
Otherwise, the proposed design shall be modeled using the actual equipmentteapaad efficiencies.
Table 6.8.111 Commercial Refrigerators, Commercial Freezers, and Refrigeratimimum
Efficiency Requirements

Minimum efficiency requirements specified in the table are mandatory and must be met by the
specified units.
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90.1 2016PRM

Table G3.1 #17 Proposed Building Performance Colufilme proposed design shall be modeled using
the actual equipment capacities and efficiencies.

Table 6.8.113 Commercial Refrigeratian Minimum Efficiency Requirementslinimum efficiency
requirements specified in the table are mandatory and must be met by the specified units.

90.1 2019and 2022PRM

Table G3.1 #17 Proposed Building Performance Coluwhere refrigeration equipment in the

proposed design is rated in accordance with AHRI 1200, the rated energy use shall be modeled.
Otherwise, the proposed design shall be modeled using the actual equipment capacities and efficiencies.
Table 6.8.111 Commercial Refrigerators, Commercial Freezers, and Refrigeratidimimum

Efficiency RequirementMinimum efficiency requirements specified in the table are mandatory and

must be met by the specified units.

Review Tips

1. Specifiedegulated refrigerators and freezers are reported in Table 3 of the Plug, Process and Other
Loads tab. Crossheck information provided in the Compliance Form to design documents for a
sample of units focusing on the units that account for largest diffeedmetween baseline and
proposed design accounting for unit quantity. Reference to appropriate design documents where
each unit is described must be provided in the last column of Tati¢h® details that must be
captured in Table 3 are novailable in the design documents, request equipment cutsheets
manufacturer literature

Table 3: Regulated Commercial Refrigerators & Freezers
Instructions
1.Fill in the table below for refrigeration equipment regulated in 90.1 Table 6.8.1-12 and 6.8.1-1

- ASHRAE 90.1 -
Baseline

2] 2|
Proposed 2016

Condensing Unit Rating from Design || Equipment EnterV,f* | Qtyof Design

kwWh/D: P ipti
Configuration | Temperature | Documen ts (1 NClassification orTOA 2 | Units DAV PEr b Dy per | FTESCTIPEVE
_ " Unit _ Requirement
Available) Unit

kWh/Day/Unit

Equipment Category Equipment Family v, ft® or TDA, £

Self-Contained Commercial Refrigerators and Horizontal Open Self-Contained

38F (Medi REF12 HZOSCM TDA 250 3 1750 29055 198.05
Commercial Freezers With and Without Doors (HZO) (5¢) [Medium)

2. Verify that proposed kWh/dagioesnot exceed corresponding 90.1 requirements shown in the
table. Since these requirements are mandatory, all specified units mustitvaree rated kWh/Day
consumption.

PP@5-B Basdine/budget design for the regulated commercial refrigerators & freezers

reported in the Compliance Formis established correctly

90.1 2016ECB

Table 11.5.1 #2 Column B

Receptacle, motor, and process loads shall be modeled and estimated based on the building area type
or space type category and shall be assumed to be identical in the proposed and budget building
designs.

90.1 20192022 ECB
Table 11.5.1 #13 Column Bable 2.5.1 #13 Column B
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Where refrigeration equipment is specified in the proposed design and listed in Tablel 6, 8k
budget building desigahall be modeled as specified in Table 6BLlising the actual equipment
capacitieslf the refrigeration equipment is not listed in Table 681, the budget building desigahall
be modeled the same as tiproposed design

90.1 2016and 2019 PRM

Table G3.#13/#17BaselineBuilding Performance Column

1 Where refrigeration equipment is specified in the proposed design and listed in Tables G3.10.1 and
G3.10.2, théaseline building design shall be modeled as specified in Tables G3.10.1 and G3.10.2
using the actual equipmemapacities.

1 If the refrigeration equipment is not listed in Tables G3.10.1 and G3.10.2, the baseline building
design shall be modeled the same as the proposed design.

90.1 2022 PRM
G3.2 New Construction/Major Alterations
Requirements are the same as describedtiier90.1 2016 and 2019 PRabove

G3.3 Minor Alterations

Based or90.1Section G3.3.2,Lommercial refrigerators & freezers included in the scope of retrofit
shall be modeled at efficiendgvels meeting the mandatory and prescriptive requirementadril
Section6.1.4.

90.1S=ction6.1.4.1, which applies to direct replacementacludes requirements for walih coolers and
walk-in freezers 90.1Section 6.4.5) and equipment efficien®@ (1 Section 6.4.1)When the scope of
the alteration includes ew cooling systems installed to serve previously uncooled syihees
refrigerated display cases (90.1 Section 6.4.6), afrigerationsystem(90.1 Section 6.5.11) are also
applicable to the baseline.

Review Tips

1. Energy use of the regulated refrigerators and freezers in the baseline/budget design is established
automatically in Table 3rathe Plug, Process and Other Loads tdbwever, the calculations are
based orthe characteristiof the correspondingroposedunit reported in Table 3 beloythus the
related inputs should be verified€rosscheck information provided in the Compliance Form to
design documents for a sample of units focusing on the units that account for largest difference
between baseline and pra@sed design accounting for unit quantity. Reference to appropriate
design documents where each unit is described must be provided in the last column of Table 3. If
details that must be captured in Table 3 are not available in the design documents, request
equipment cutsheets or manufacturer literature.

For 90.1 2019 and 2022 projects, Taben®he Plug, Process and Other Loadsitahides
information about walkin cooler and freezer equipmertimilar to above,rosscheck information
provided in the Compliance Form to design documents for a sample of units

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 122



Refer t090.1 2022SectionG3.3PerformanceCalculations for Othehlterationsfor review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

Table 3: Regulated Commercial Refrigerators & Freezers
Instructions
PRI

4 "
_

? ? ASHRAE90.1-
2 . v Baseline 015
ropose
Condensing Unit Rating from Design | Equipment Enter v, | Qtyof s .'E Design
or TDA, f | Units 2V PEC Rwh/Day per

Configuration | Temperature JjDocumen s (If | Classification -
Unit Requirement

Availabl Unit
wailable) n k\Wh/Day/Unit

Equipment Tag

Equipment Category Equipment Family v, £ or TDA, Prescriptive

Self-Contained Commercial Refrigerators and Horizontal Open Self-Contained
Commercial Freezers With and Without Doors {HZQ (Sﬂ
e —————————— —

2. The check may be skipped if the modeled difference between the baseline/budget and proposed
design is small.

38F (Medium) REF12 HZOSCM TDA 250 3 1750 29055 198.05

PP@6 Regulated refrigerators and freezers are modeled as reported in the Compliance
Form for the baseline/budget and proposed design.
Review Tips
1. Since regulated refrigerators and freezers are rated in kWh/day, annual energy use reported in
¢roftS v 2F GKS /2YLIXAILYOS /1 fOdAFdAz2ya GFo6X awSH
equal to the total value shown in Table 8 of the Plug, Proces©#met Loads tab. Discrepancies
should be flaggedrefer t090.1 2022SectionG3.3PerformanceCalculations for Othehlterations
for review tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).
2. Common Mistakes

a) 90.1201eCB
o Claiming credit for better than code regulated refrigeration systems on projects

following. (Budget and proposed design must be modeled the same.)

b) 90.1 2016/2012022 PRM
0 Reporting all refrigeration systems as unregulated laanishe Compliance Calculations

tab. Energy used by unitscluded in 90.1 2018019 and 2022Table 6.8.113/6.8.1-11
Ydza i 0SS NBLR NI SR IddfRIGWNS v iwS FNNB HARINE {1 SR €

c) Refrigeration equipment is not reported or modeled for projects involving building types
that likely have it such as supermarkets, large office buildings, hospitals, schools that have
cafeteria, etc.

d) Modeled energy use deviates from annual energy use inferred in kWh/Day efficiency
ratings.

e) Internal gains/losses to space where refrigeration systems are located are not modeled
correctly. Refer to PNNL Performance Rating Method Reference M&8eation G3.5 for
methodology fordetermining internal gains/losses for packaged refrigeration units versus
units with remote condensers.

PP@7-P Regulated Motors reported in the Compliance Form for the proposed design
reflect design documents

90.1 2016/2019ECB
Table 11.5.1 #12, Column A

18 https://iwww.pnnl.gov/main/publications/external/technical_reports/PNMNI6917.pdf
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Receptacle, motor, and process loads shall be modeled and estimated based on the building area type

or space type category and shall be assumed to be identical in the proposed and budget building

designs. All endise load components within and associatel W K G KS o6dzAf RAy3 aklff o
including but not limited to parking garage ventilation fans and escalators.

90.1 2022 ECB

Table 2.5.1 #12, Column A

Same requirements a@Bable 11.5.1 #12, Columnd&scribed above with the addition of:

a. Where power and other systems covered by Sections 8 ahdi®been designed and submitted

with design documents, those systems shall be determined in accordance with Sections 8 and 10.

b. Where power and other systems covered by Sections 8 and 10 have not been submitted with design
documents, those systems shatimply with but not exceed the requirements of those sections.

90.1 20162019, and 2022PRM

Table G3.1#12, Proposed Building Performance column

a. Where power and other systems covered by Sections 8 ahdv®been designed and submitted

with design documents, those systems shall be determined in accordance with Sections 8 and 10.

b. Where power and other systems covered by Sections 8 and 10 have not been submitted with design
documents, those systems shatimply with but not exceed the requirements of those sections.

Review Tips

1. All motors that have efficiency requiremergsescribedin 90.1 Section 10 are considered regulated.
Regulated motors are reported in Table bthe Plug, Process and other Loads tab of the
Compliance Formlypically, only larger motors including but not limited to water booster pumps
and garage exhaust fans should be individually reported.

2. Crosscheck larger motors included in Table 5 with the design documents referenced in the
Plans/Specs row of the table to confirm alignment in the reported motor HP, ¢ymtity and
efficiency.

3. Confirm that specified efficiency is not below the minimum required in 90.1 Section 10. For most
types of motors, the requirements are included in the Minimum Efficiency column of Table 5 on the
Plug, Process and other Loads tab.

PP@7-B Regulated Motors reported in the Compliance Form for the baseline/budget
design are established correctly

90.1 2016and 2019/2022 ECB
Table 11.5.1 #12, Column Bable 2.5.1 #12, Column BSame as proposed

90.1 2016and 2019 PRM

Table G3.1#12, Baseline Building Performance column

Motors shall be modeled as having the efficiency ratings found in Table G3.9.1 Other systems covered
by Section 1@hall be modeled as identical to those in the proposed design, including schedules of
operation and control of the equipment.
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90.1 2022 PRM

G3.2 New Construction/Major Alterations

Same requirements aBable G3.1#12, Baseline Building Performance collesoribed abovéor the
90.1 2016 and 201BRM.

G3.3 Minor Alterations

Based onSection G3.3.2.Inotorsincluded in the scope of retrofit shall be modeled at efficiency levels
meeting the mandatory and prescriptive requirements in Sectidhs.4. All other motors should be
modeled identically in the baseline and proposed.

Review Tips
1. Parameters of the baseline/budget motors are aptipulated in the Table 5 of the Plug, Process

and other Loadstab SEIF YAY S (KS daaAyAYdzy 9 ¥ 3ubjddndSo12822 02 dzYy

Section G3.8i.e., Minor Alterationsjor the baseline value and the Notes field under the table for
clarifications regarding what was modeled and why)
2. Equivalent Full Load Hours must be the same fobmeline/budget and proposed design

PPOO08Regulated Motors are modeled as reported in the Compliance Form for the
baseline/budget and proposed design.

Review Tips
Review simulation reports to verify alignment with the values reported in the Compliance Form.

eQUEST Reports
TraneTRACFEO0O
Trane TRACE 3D
Plus

IESVE SOFTWAR TBD
EnergyPlus
OpensStudio
Carrier HAP v5
Design Builder

PPOOQ9P Elevators reported in the Compliance Form for the proposed design reflect design
documents

90.1 2016and 2019/2022 ECB

Table 11.5.112.5.1#12, Column A

Allenddza § f 21 R O02YLRyYySyiGa 6AGKAY | YR
notlimtSR G2 X StS@IFIi2NAR yR Saoll 02

90.1 20162019, and 2022PRM
Table G3.1#16, Proposed Building Performance column
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Where the proposed design includes elevators, the elevator motor, ventilation fan, and light load shall
be included in the model. The cab véation fan and lights shall be modeled with the same schedule as
the elevator motor.

Review Tips

1. Specified elevators are described in Table 6a of Plug, Process and Other Lo@dsssdtneck
information provided in the table with the design documents that must be referenced in the last
column of the table for each elevator. Focus on elevators that account for the greatest annual motor
energy use based on Table 6b.

PPOO09B Elevators reported in the Compliance Form for the baseline/budget design are
established correctly

90.1 2016and 20192022 ECB
Table 11.5.112.5.1#12, ColumrB: Same as proposed

90.1 2016and 2019 PRM

Table G3.1#1@8aselineBuilding Performance column

Where the proposed design includes elevators, the baseline building design shall be modeled to include
the elevator cab motor, ventilation fans, and lighting power. Calculations are provided to determine
baseline elevator peak motor power. The elevator oraise shall be modeled with the same schedule

as the proposed desighivhen included in the proposed design, the baseline elevator cab ventilation fan
shall be 0.33 W/cfm and the lightimmpwer density shall be 3.14 W/ft2; both operate continuously.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Same requirements aBable G3.1#16, Baseline Building Performance coliesoribed above fathe
90.1 2016 and 201BRM.

G3.3 Minor Alterations

Based onSection G3.3.2.Elevatorsincluded in the scope of retrofit shall be modeled at efficiency
levels meeting the mandatory and prescriptive requirements in Secfifris4.All other elevators
should be modeled identically in the baseline and proposed.

Review Tips

1. Energy use of the baseline elevators is established automatically based on the details provided for
the prosed elevators and is shown in Table 6b of Plug, Process and Other Lo@dsutaine the
Notes field under the table for clarifications regarding what was modeled and why for alterations
subject to 90.1 2022 Section G3.3).
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PPO10Elevators are modeled as reported in the Compliance Form for the baseline/budget

and proposed design.

Review Tips

1. The total elevator energy use for the baseline/budget and proposed design should be as shown in
the Totals row of Table 6@xamine the Notes field under the table for clarifications regarding what
was modeled and why for alterations subject to 90.1 2022 Section G3.3)

PPO11P Combined Heat and Power (CHP) systems reported in the Compliance Form for

the proposed design reflect design documentand electricity generation and recovered

energy reported in submittal is reasonable.

90.1 2016and 20192022 ECB90.1 20162019 and 2022PRM

Table 11.5.112.5.1, Table G3.1The proposed design must be consistent with the design documents

Review Tips

1. Thespecified CHP systems are reported able 7 of théPlug, Process and other Loads tathe
providedinformation must at minimum include the generatownership,type, quantity, total
generation capacity (kW) at design conditions, thermal and electrical efficiency at design conditions,
controls, schedule of operation, fuel used, where the recovered heat is used (e.g. absorption
chillers, space heating loop, servieater heating loop, etc.), specified bagg systems when
recovered heat is not availabéand parasitic losses (e.g. air handling unit to cool the intake air).

2. Verify that the required information is provided and reflects design documents.

PPO11B CHP systems reported in the Compliance Form for the baseline/budget design are
established correctly

90.1 2016ECB

Based orTable 11.5.1 #1 Column 8l building systems and equipment must be modeled identically in
the budget and proposed design except as specifically instruSiedeTable 11.5.Hoes not cover CHP
systems, the budget building design and the proposed design must be modeled with the same CHP
system that is specified for the proposed design. Follow@iection 11.4.3.2vhereCHP waste heat is
recovered in the proposed design, the budget building design must be based on the energy source used
as the backup energy source, or electricity if no backup energy source has been specified. In the
proposed design, the recovered wastedh must not be considered purchased energy and must be
subtracted from the proposed design energy consumption, thus contributing to the performance credit.
The requirement was further clarified by adding the explicit language to that section in the 8Rits e

of the standard.

90.1 20192022 ECB

11.4.3.212.4.3.2 Where the proposed design includes-site electricity generation systems other

than onsite renewable energy systems, the baseline design shall include the same generation systems
excluding its site recovered energy.

90.1 2016PRM
Based orTable G3.1 #1 Baseline Building coluadhbuilding systems and equipment must be modeled
identically in the baseline and proposed design except as specifically instrGated.90.1 Appendix G
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does not cover CHP systems, the baseline must be modeled with the same CHP system that is specified
for the proposed design. The recovered waste heat of the specified CHP system must not be considered
purchased energy and must be subtracted from the pre@gbdesign energy consumption following

Section G2.4.lthus contributing to the performance credit.

90.1 2019and 2022PRM

G3.2 New Construction/Major Alterations

G2.4.2 Where the proposed design includes-site electricity generation systems other than-site
renewable energy systems, the baseline design shall include the same generation systems excluding its
site-recovered energy.

G3.3 Minor Alterations

90.1 Section G3.3.1 states thaistems and equipment excluded from the scope of retrofit shall reflect
the existing conditiongonsequently the requirementfor CHHs the same as for G3.2 with the
exception thatif existing building systems use recovered heat from an existirgjte©HPthen this
existingrecovered heat should be subtracted from the baseline, modeled the same in the baseline
and proposed)

Review Tips

1. Confirm that the baseline CHP system is established correctly. It must be the same as the proposed
system in alfespectsexcept without energy recovery.

2. Common mistake includes not modeling CHP in the baseline and iresteathinghat all electricity
is purchased from grid.

PPO12CHP systems are modeled as reported in the Compliance Form for the
baseline/budget and proposed design.

Review Tips
1. Review simulation reports to verify that CHP systems are modeled as reported in the Compliance
Form.

2. If the CHP system is modeled using exceptional calculation methedserm checks ECEECO03

3. lrrespective of whether the CHP is modeled in the simulation tool or through exceptional
calculations method,ite amount of electricity generated by CHP is expected to be the same in the
baseline (budget) and proposed design. The value of the recovered heat should be subtracted from
the proposed design energy cost but not from the baseline. Similar patterns shewierified in the
simulation output reports if CHP is incorporated in the simulation.
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Service Water Heating SWH)

Overview
The service water heating category covpasameters related to the service water heating equipment
and demandTable 11 summarizes the checks included in this group.

Tablell: Service Water Heatin@uality ControlChecks Overview

Baseline/Budget
Type of Check Proposed Design | Design
CF inputs reflect design documents SWHO1P, SWHO® | NA
SWHO01B,
SWH Systen| CF inputs reflect requirements BCB/PRM | NA SWHO03B
Components| Meet mandatory requirements SWHO2P NA
Simulation inputs consistent with CF SWHOgP SWHO0EB
Simulation outputs consistent with CF NA NA
CF inputs reflect design documents SWHO04P NA
CF inputs reflect requirements BCB/PRM | NA SWHO04B
Hot Water Meet mandatory requirements NA NA
Demand - - - -
Simulation inputs consistent with CF NA NA
Simulation outputs consistent with CF SWH06 SWHO07 SWH06 SWHO07
LEGEND
PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of the
Compliance Form

The following strategies may be used to prioritize the review:

1. If there are multiple water heater types, the review should focus on water heaters with the largest
capacity or a representative smaller unit.

2. Hot water demand checks should only be performed for Appendix G projects where different hot
water demand is reported in the Compliance Form for the baseline versus proposed design.

For 90.1 2022 PRM alterations subject to GBe3, Minor Alterations)the summary tables on the

Quiality Control Checks tab in the Compliance Form may not reflect correct values for the baseline since
projects, for the most part, only enter proposed design information and provide notes as to what was
modeled in the baselini the notes fields associated with the proposed design related tables. Refer to
the 90.1 2022 Section G3.3 Performance Calculations for Other Alteragéatisn for more information
regarding 90.1 2022 G3.3.

SWH)1-P Proposed SWH system typeefficiency and capacityeported in the Compliance
Form reflects design documents

90.1 2016and 20192022 ECB

Table 11.5.1 Column A #1Table 2.5.1 Column A #11

Theservice watetheating systentype and all related performangearameters, such asquipment
capacities and efficiencies, in tipeoposed desigare determined as follows:
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1 Where a completeservice watetheating systenexists, themodelmustreflect the actuabystem
type using actual componeggpacities and efficiencies.

1 Where aservice watetheating systenhas been designed arsibmitted with design documents,
the service watetheatingmodelmustbe consistent with design documents.

1 Where noservice watetheating systenexists or has beesubmitted with the design documents, no
service water heatingwustbe modeled.

1 Piping lossemustnot be modeled.

90.1 20162019, and 2022PRM

Table G3.1 #11, Proposed Building Performance

The service wateheating system type and all related performance parameters, such as equipment

capacities ane@fficiencies, in the proposed desigrustbe determined as follows:

1. Where a complete service watéeating system exists, the proposed desigustreflect the actual
system typeusing actual component capacities and efficiencies.

2. Where a service waténeating system has been designed and submitted with design documents,
the service water heating modelustbe consistent with design documents.

3. Where no service watdhneating system exists or has been designed and submitted with design
documentsbut the building will have service watbeating loads, a service watheating system
mustbe modeled that matches the system type in the baseline building design, serves the same
water-heating loads, and comply with but not exceed the requirements of SectiBrcéptionfor
alterations subject to 90.1 Section G3.3, because the same sygpesare modeled in the baseline
and proposed, if no service e heating system exists in the proposed then none will be modeled
in the proposed or baseline.

4. For buildings that will have no service waterating loads, no service watbeating systenis
modeled.

5. Piping lossemustnot be modeled.

Review Tips

1. Proposed SWHlare listed in Table 1 of the Service Water Heating tab. If pedjettide multiple
water heaters, identify SWH types with the highest total nameplate inputcaleulated as the
product of the number of heaters and nameplate input rate per heater, and focus the review on
these units only.

2. Crosscheck information provided for the SHWSs in the design documents with the inputs in Table 1.
The reference to drawings/specs where information for each heater is available should be included

in Table 1 for each heater. Request cutsheets if any op#fnameters are missing.
H 2| 2| 2| H B 2 2| 2| 2 Volume of

DesignDrawing | o Number of Nameplate Input Rated Stand-b Unfired
Modeled Water | Water Heater BuildingArea | Identical Water Rate per Heater [Q, Rated Heater Minimumj Loss [SL, M

aximum orage.
Heater Name Name Served Heaters Energy Source Btu/h] Subcategory or Rating Condition Volume [gal] | Eff. Units | Rated EFf| Eff. Btu/hr] Stand-by Loss | Tanks [Gal]

SWH_1 SWH-1 P-104 Multifamily 3 Natural Gas 399,000 <4000 (Btu/h)/gal 100 Et 96% 0% 1,000 o

SWH_2 SWH-2 P-104 Retail 1 Electricity 57,532 Resistance 220 gal, 12 kW 80 EF 096 068 nfa nfa o

« » .| Service Water Heating | Plug, Process and Other Loads | Renewable Energy | Exceptional Calculations Res .. & El
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SWH)2 -P Proposed SWH systenefficiency reported in the Compliance Form meets the

mandatory requirements of 90.1 Section 8.

Review Tips

1. Confirm that the rated efficiency exceeds the minimum required efficiency and that the rated stand
by loss is below the maximum listed in Table 1. These reference values are based on 90.1 Table 7.8
and are mandatory. Failure to meet these requirements $tidne flagged. For most SWHs, the
reference values will be determined automatically. If the aptpulated default is ovewritten, the
value is shown ibold brown font and should be confirmed.

SWH)2-B Baselind budget SWH system typgefficiency and capacityreported in the

Compliance Formis established correctly

90.1 2016and 20192022 ECB

Table 11.5.1 ColumB#11 Table 2.5.1 ColummnB#11

The SWH system type and fuel must be the same as in the proposed,desigpt a dedicated SWH

system must be modeled if the proposed design has a combination space/service water heating system.
Storage tank volume in the budget design must be the same as in the proposed &égigg.losses

must not bemodeled.

90.1 2016and 2019 PRM

TableG3.1 Baseline Building Performance column #11

The SWH system type and fuel must be as prescribed in 90.1 Table-&Bdkédd on the building type,
irrespective of system type and fuel source in the proposed design. For exathpialtifamily

occupancies have a central gas storage water heater; all office occupancies have a central electric
resistance storage water heater. In mixed use buildings, e.g. in a building with multifamily occupancy on
the top 10 floorsand office occupancy on the lower 3 floors, a separate baseline SWH system type must
be modeled for each occupanc8torage tank volume in the budget design must be the same as in the
proposed design.

90.12022PRM

G3.2 New Construction/Major Alterations

Requirements are the same @able G3.1 Baseline Building Performance columrfaétlthe 90.1 2016
and 2019PRMdescribed above

G3.3 Minor Alterations

Service water heating systems included in the scope of the alteratterrequiredio be modeledwith

the minimum requirements i80.1Section 7.1.4 with the same system type modeled as specified in
proposed designAll unmodified service water heating systems and equipment shall be modeled the
same as in the proposed design.

Review Tips

1. Baseline/budget SWHs are listed in Table 2 of the Service Water Heatiddl teddues are set
automatically by applying the appropriate 90.1 rules to the project. Default valueswovtgen by
the modeler are shown in brown bold font in the table and should be verified by revi®eésr to
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90.1 2022 Section G3.3 Performance Calculations for Other Alterddioreview tips foralterations
subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

H 7] 2] E 2] - 2]
Modeled e Mumber of MNameplate Input Stand-by Vol. of
Baseline Water Bu';‘:&i:rﬁ Identical Energy Source Equipment Type Rate per Heater [Q, T;tlidm:?:;;r Eff. Units Rated Eff. Loss [SL, Unfired
Heater Name Water Heaters Btu/h] Btu/hr] Storage

Tanks [Gal]
SWH_1 Multifamily Single central Matural Gas Gas storage water heater 1,197,000 300 Et B80% 3,402 0
water heater
=
< » .. | Service Water Heating | Plug, Process and Other Loads Renewable ... ® 4

2. Common mistake@hese arenot applicableo alterations subject to 90.1 202ZRMSection G3.3)

1 Assumindlistributed water heaters in th®RMbaseline when there are distributed water
heaters in the proposed design. Baseline alwasa central water heater for each building
occupancy type. Multiple service water heaters may only be included in iseduildings.

1  Where proposed design has distributed water heaters, assuming that the capacity of the
central baseline water heater is equal to the sum of capacities of the specified water
heaters. Instead, baseline systemust be sized according to the provisions of 90.1 Section
7.4.1 to avoid excessive oversizing and low operating efficiency.

1  Where proposed design has combination space/service water heating boiler, assuming that
the capacity of the central baseline water heater is equal to the capacity of the specified
space/service water heating boiler. Instead, baseline systaost be sized according to
the provisions of 90.1 Section 7.4.1 to avoid excessive oversizing and low operating
efficiency.

SHWO3P The ancillary components of the pposed SWH systenmmeported in the

Compliance Form reflect design documents

90.1 2016and 2019/2022 ECB 90.1 2016/20192022 PRM

Based on Tables 11.5.1 #12.5.1 #11and G3.1 #11, ancillary components include recirculation pumps,
service hot water preheat and condenser heat recovery.

Review Tips

1. Table 1 includes fields for specifying recirculation pumps and hot water reheat strategies, if
applicable. The review check should be completed for projects with entries in either of these fields
or if service water heating is identified as one of the impactful end uses.

2. Crosscheck information provided in the table with the design documents to verify alignment.

SHW®B-B Ancillary components of the baseline/budgetSWH systenreported in the
Compliance Form are established correctly

90.1 2016and 20192022 ECB

Table 11.5.1 ColumB #11Exception 3Table 2.5.1 ColumrB#11Exception 3

For 24hour facilities that meet the prescriptive criteria for use of condenser heat rec®yatems
described in Section 6.5.6.2sgstemmeeting the requirements of that sectianustbe included in the
baseline building desigmegardless of the exceptions to Section 6.5.6.2. If a condenser heat recovery
systemmeeting the requirements described in Sect&b.6.2 cannobe modeled, the requirement for
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including such aystemin the actuabuildingmustbe met as a prescriptive requirement in accordance
with Section 6.5.6.2 and no heat recovegstemmustbe included in thgoroposed desigor budget
building design

90.1 2016and 2019 PRM

TableG3.1 #11, Baseline Building Performance column, (e) & (f)

1 Forlarge, 2hour-per-day facilities that meet the prescriptive criteria for use of condenser heat
recovery systemdescribed in Section 6.5.6.2, a system meeting the requirements of that section
shall be included in the baseline building design regardless of the exceptions to Section 6.5.6.2. If a
condenser heat recovery system meeting the requirements described fins6c5.6.2 cannot be
modeled, the requirement for including such a system in the actual buitdungfbe met as a
prescriptive requiremenin accordance with Section 6.5.6.2, and no heat recovery syatemd be
included in the proposed design or baseline building design.

1 Where recirculation pumps are used to ensure prompt availability of service sdwatding at the
end use, the energy consumption of such pumpsstbe calculated explicitly.

90.12022PRM

G3.2 New Construction/Major Alterations

Requirements are the same @able G3.1 #11, Baseline Building Performance column, (ejo ttie

90.1 2016 and 201BRMdescribed above

G3.3 Minor Alterations

Alterationssubject t090.1 2022Section G3.8i.e., Minor Alterations@re only required tanodel

condenser heat recovery systeriighe requirements are applicable based on the scope of the alteration
and based on théanguage in 90.8ection 6.1.4This meansbased on the language in 90.1 Section
6.1.4,that only alterations in whiche@w cooling systemare installed to serve previously uncooled
spacesvould need to minimally comply with 90Section 6.5.6.2n the baseline

Review Tips

1. The ancillary components of service hot water systems are reported in Table 2 of the Service Water
Heating tab. The values are auto populated but may be-axéten. The overwritten defaults
should be verified to confirm that they are justifi¢r alterations following 90.1 2022 Section G3.3
see Table 1 for baseline and proposed design model imqmdsexamine the Notes section under
Table 1 for clarifying notes regarding modeled vajues

SHWO04-P Proposed service hot water demand reported in the Compliance Form is
reasonable.

90.1 2016and 20192022 ECB and PRM

Table 11.5.1 ColumB#11 Table 2.5.1 ColumrB#11, Table G3.1 #11 Baseline Building Performance
column: Service wateheating energy consumption shall be calculated explicitly based on the volume of
service water heating required, the entering makeup water, and the leaving service water heating
temperatures. Entering water temperatures shall be estimatedeldamn the location. Leaving
temperatures shall be based on the ende requirements.
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Review Tips
1. The check should only be performed fARMprojects if hot water demand reported in the

Compliance Form is different between the baseline/budget and proposed.

2. SHW demand assumptions geovidedin Tables 4 6 of the Service Water Heating tab.

a. Table 4 calculates SHW demand for multifamily projects based on the entered flow rates for the
specified fixtures in showers and sinks, average supply SHW temperature, entering cold water
temperature and temperature at the fixture point of use. The calooites are based on
requirements of the EPA ENERGY STAR MultifidewyConstruction Progra@imulation
Guideline®’. Verify that entered flow rates match design documents.

b. Table 5 shows default service hot water use for-nesidential building typeslhe default
values are based on typical hot water use in buildings of similar type provided in ASHRAE 90.1
HaMo ! aSNRa alydza e LF RSTFldzZ G Aandsh@fRing NAGGSy =
verified.

SWHO04-B Difference betweenthe baselind budget and proposed hot water demand
reported in the Compliance Formis as allowed

90.1 2016ECB

Change in service water heating load is not listed as a todidepportunity in the section, thus must be
modeled the same in the budget and proposed design. This is further clarified in the updates to this
section incorporated into 2019 edition of 9Ghownbelow.

90.1 20192022 ECB

Table 11.5.1 ColumB#11 Table 2.5.1 ColumrB#11 Service water loads and use shall be the same
for both theproposed design and baseline building design and typidile proposed building type.

90.1 2016and 2019/2022 PRM
Table G3.1 #11 Baseline Building Performance coluBxteption tqg) states that ervice water
heatinguse can be reduced due to the following:

1 water conservation measures that reduce the physical volunsenficewater required. Examples
include lowflow shower heads.

1 reducing the required temperature gkrvicemixed water, by increasing the temperature, or by
increasing the temperature of the entering makeup water. Examples include alternative sanitizing
technologies for dishwashing and heatovery to entering makeup water.

1 reducing the hot fraction of mixed water to achieve required operational temperature. Examples
include shower or laundry heat recovery to incoming eshtter supply, reducing the hatater
fraction required to meet required mixediater temperature.

Such reductions must be demonstrated by calculations.

2019and 2022=ditionsinclude the following clarification iable G3.1 #1, Baseline Building column
Where thebaseline building systenadequipmentare permitted to be different from the proposed

ENERGY STAR Multifamily Highrise Program Simulation Guidélipesndix G 90.1 2016 Version 1.0
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design but are not prescribed in this appendix, the baseline must be determined based on the following,
in the order of priority:

1 Requirements in Sections 5 through 10
1 Requirements of other efficiency or equipment codes or standards applicable to the design of the
building systems and equipment

Review Tips
1. Hot water demand is reported in Table 4 of the Service Water Heating tab for the residential
occupancies and in Table 5 for all others.

2. ECBthe amount of service hot water consumed in the building is not a traffl@pportunity and
must be modeled the same in the budget building and the proposed design.

3. PRM

a) Projects may documergreduction in demand provided the methodology is approved by
the building officialFor example, o projects with lowflow fixtures, hot water demand in
the Proposed Design may be reduced to reflect the lower flow rates of the instadtaces
compared to the maximum flow allowed by theplicable code or standard.

b) Table 4 of the Service Water Heating taliomatically calculates savings from common
water-savings technologies found on residential projects such as low flow plumbing fixtures
andENERGY STAppliances. Baseline values are set by defaults and should be verified if
overwritten.

4. Common Mistakes

a) Modeling hot water demand reduction on projects followiBGB

b) Using baseline flow rate based on requirements of the outdated standard sucheagy
Policy Act 1992 (EPACT 1992)e baseline must be based on the maximum allowed flow
rates of the applicable codes such as state International Plumbing Code.

SWH)5-B, SWHO0O5P Modeled baseliné budget and poposed SWH system typgefficiency,
capacityand ancillary features reflectparameters reported in theCompliance Form

Review Tips
1. Reviewthe simulationreportsto confirm that the modeled SWH system parameters are as reported
in the Compliance Form

eQUEST PVA,PSH

TraneTRACEQOO | Plantinformationentered valueseport
TraneTRACE 3D | System Component Summary report
Plus
IESVE SOFTWAHR Plant Loops & Equipment Report, Florida Energy Code Compliance R,
Loads Report, Zone Loads Rep8itstem Loads Report, Energy Model Output
Report, PRM Compliance Report, ECB Compliance Report, BPRM Report
EnergyPlus SL dzadof dKGYE WOljdzZA LIYSY G { dzYYIl NEBQ
OpenStudio SL dzadof oKGYE WOljdzZA LIYSY G { dzYYIl NEBEQ
CarrierHAPV5 at f |y baté y NIBz(IHNIZ A DafiNI MY ILBIAIL ©
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Design Builder Service Water Heating sheetliEED Minimum Energy Performance Calculato
(.-xIsm)

SWHD6 Difference inthe baseling budget and proposed hot water use is reasonable based

on the system parametersreported in the Compliance Form

Review Tips

1. ECBSince the budget SWH system mhstof the same type andse the same fueds the proposed
systemandthe reduction in the hot water demand is not a trad# opportunity, the difference in
SWH energy use between the budget and proposed dat@gends only on theifferencein
efficiencies othe budget and proposed systein

SWH_Usgop * SWH_Effop = SWH_USRaget* SWH_Effidget

SWH_Use [MMBtu] =the annualSWHuse from simulation output reports
SWH_Eff = SWH efficiency reported in the submittal

Projects thatdo notshow this pattern should be flaggeahd explanation and supporting documentation
should berequested.Higher savings may be demonstrated by proje¢katst havesolar hot water

preheat as allowed by 90.1 Section 11.4/8214.3.1, or other means of service hot water preheatich
as use of condenser heat recovetlyat differs between the budget and proposed design.

2. 90.1PRM The baselin&WH system may be aflifferent type and usea different fuel than the
proposed SWH systeand there may be difference in hot water demand between the baseline
and proposed design, thus this check cannot be effectively perforfadalterations following 90.1
2022 Section G3@3.e., Minor Alterationsjhat are not modeling a reduction in hot water demand

the check described in review tip #1 can be performed using the baseline and proposed efficiency

values reported in Table 1 on the Service Water Heating tab in the Compliance Form.

eQUEST Reports BEPU

TraneTRACEQO | Equipment Energy Consumption report
TraneTRACE 3D| LEED Summary Section 1.6

Plus
IESVE SOFTWA| Detailed Simulation Repolant Loops & Equipment RepdRpom Loads
Report, Zone Loads ReppBystem Loads Report, Energy Model Output Repo
PRM Compliance Report, ECB Compliance Report, BPRM Report

EnergyPlus
OpensStudio
CarrierHAPV5 dazyliKfe {AYdAZFGA2Y wSadzZ G§a¢ NBLRZN
Design Builder | Service Water Heating sheetliEED Minimum Energy Performance Calculatol
(.xIsm)
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SWHO7- P Modeled proposed SWH effective full load hours are reasonable

Review Tips

1. SWH effective full load hours are equal to the ratio of the annual service water heating energy use
from the simulation outputs to the reported service water heater capacity. Effective full load hours
which are higher than typitincluded in AppendiA may indicate that modeled service water
heating demand exceeds the values anticipated by the design team and that the modeled service
water heater energy use is exaggerated. EFLH exceeding typical by more than 25%, or exceeding
8760 hours per year, shoulek flagged.

eQUEST Reports BEPU

Trane TRACE 70 Equipment Energy Consumption report
Trane TRACE 30 LEED Summary Section 1.6

Plus
IESVE SOFTWA| Room Loads Report, Zone Loads Report, System Loads Report, Energy Mo
Output Report, PRM Compliance Report, ECB Compliance Report, BPRM R
Plant Loops & Equipment Report, Florida Energy Code Compliance Report

EnergyPlus SLX dzadof ®KG YT W[ 99 8/5 PaifridndedRadingNaSthdd N
/| 2YLIX Al yOSQ asSoOirzy
OpenStudio SLX dzadof ®KG YT W[ 99 B/5. PaifrfdndedRalingNSthdd N

/| 2YLIX Al yOSQ asSoOirzy

CarrierHAPV5S |da2y (Kt & {AYdzZ I GA2Yy wSadzZ Gaé¢ NBLEZN
Design Builder | Service Water Heating sheet in LEED Minimum Energy Performance Calculg
(.xIsm)

Energy Gauge

Airside HVAC AHVAQ

Overview

This group of checks covers-aide systemincludingtype, heating and cooling efficiency and controls.

In addition, it covers fan systems and controls, mechanical ventilation including ventilation rate, controls
and exhaust air energy recovery, and economizahle 12 summarizes the checks included in this

group.

Tablel12: Air-side HVAC Quality Contr@hecks Overview

Type of Check Proposed Design Baseline/Budget Desigr
CF inputs reflect design documents | AHVACOP NA
Thermal | CF inputs reflect requirements of
Blocks | ECB/PRM AHVACOP NA
Simulation inputs consistent with CF| AHVACOP AHVACO:B
AHVACO® system
ést}t/:rr? type) AHVACOS
Type _ _ P(capa(_:lty) AHVACQOY
' CF inputs reflect design documents | P (effciency) NA
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Heating & AHVACO3Bystem
Cooling type) AHVACOB
(capacity) AHVACO®B
AHVACO® (eficiency | (efficiency)
AHVACO%P (eff w/o AHVACS-Beff. w/o fan
CF inputs reflect requirements of fan pwr) pwr)
ECB/PRM AHVACL1® (. curved | AHVACLB(p. curvey
AHVACS8cP
Meet mandatory requirements (efficiency) NA
AHVACO# ystem AHVACOHB (system
type) AHVACG6 type) AHVACO8
P(apacity) AHVAC1- | (capacity) AHVACI1-B
Simulation inputs consistent with CF| P(eficiency) (efficiency)
AHVAC3cP(h. AHVAC3¢B (h.
efficiency), AHVAC12 | efficiency, AHVACLB
P(c.efficiency) (c.efficiency),
AHVAG1-P(monthly | AHVAG1-B(monthly c.
Simulation outputs consistent with C| c. h. pattern) h. pattern)
AHVACA-P(flow),
AHVACH-P(power),
CF inputs reflect design documents | AHVACG&-P(flow, T) NA
AHVACA-B(flow),
AHVACS-B(power),
Fans CF inputs reflect requirements of AHVACT-P(fan AHVACE-B(flow, T)
ECB/PRM curves) AHVACT-B(fan curves)
AHVAC2-P(power, AHVACRg-B(power,
Simulation inputs consistent with CF| flow, control) flow, cantrol)
AHVACQ-P,
Simulation outputs consistent with C| AHVAQO-P AHVAC9-B, AHVAZD-B
AHVACZ2-P
(ecanomizey,
AHVAC2cP
(ventilation),
AHVAC2-P (DCV),
AHVAC?2-P genergy
recovery,
, CF inputs reflect design documents | AHVAC2-P(other) NA
Ancillary AHVAC2B
(economizey,
AHVAC2¢B
(ventilation), AHVAC2
B (DCV)
CF inputs reflect requirements of AHVAC?2-B Eenergy
ECB/PRM recovery)
Meet mandatory requirements AHVAC3-P (DCV) NA

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual

138




AHVAC2P
(economizer) AHVAC22
AHVACg-P B(economizer)
(ventilation and DC) | AHVACR-B (ventilation
AHVAC2-PEnergy and DCV,

recovery, AHVACR2-Benergy
Simulation inputs consistent with CF| AHVAQG1-P(other) recoveny

LEGEND

PASS/FAIL/NAutcome is determined automatically in ti@uality Control Checks tab of the
Compliance Form

90.1 Section 6 has mandatory minimums for heating and cooling system efficiencies and ventilation
controls. Checks verifying mandatory requirements should be completed where applicable.

In addition, @iecks should focus on aide systems with the highest heating or cooling capacity, design
and ventilation flow rates and spathecking the rest. A table in the Aiide HVAC section of the Quality
Control Checks tab ranks aide systems based on theseteria and should be used to identify systems
to be reviewedFor example, if a multifamily project includes a rooftop unit serving common corridors
and a watersource heat pumps serving each apartment, the rooftop unit and several repietisen

heat pump systems should be reviewed.

For 90.1 2022 PRM alterations subject to GBE3, Minor Alterations)the summary tables on the

Quiality Control Checks tab in the Compliance Form may not reflect correct values for the baseline since
projects, for the most part, only enter proposed design information and provide notes as to what was
modeled in the baselinia the notes fields associated with the proposed design related tables. Refer to
the 90.1 2022 Section G3.3 Performance Calculations for Other Alteragéatisn for more information
regarding 90.1 2022 G3.3.

AHVA@1zP Thermal blocks are established correctly

90.12019/2022 ECB90.1 2016and 20192022 PRM

11.7.2d12.7.2 g G1.3.24 G1.3.2j: A diagram showing thihermal blockaised in the computer
simulation must be submitted

90.1 2016 and 2019/2022 ECB, 90.1 2016, 2019, and 2022 PRM
90.1Table 11.5.1 #/7112.5.1 #7,90.1G3.1 #7
Thermalblocks must be based on the HVAC zones specified in the proposed design. Where HVAC zones
are defined on drawings, each HVAC zone must be modeled as a separate thermal block. Different HVAC
zones may be combined into a single thermal block if all of theviong applies:

9 zones have similar occupancy types (e.g., include primarily office spaces)

1 have windows facing the same orientation, or their orientations vary by less than 45 degrees

1 are served by the same kind of HVAC system
Thermal blocks in the baseline (budget) design must be the same as in the proposed design.
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90.1 Table 11.5.1 #82.5.1 #8and Table G3.1 #&pecial rules apply to projects with no HVAC zones
designedThermal blocks in the baseline (budget) design must be the same as in the proposed desig

90.1 Table 11.5.1$#12.5.1 #8 and Table G3.1 #9

Residential occupancies such as multifamily must be modeled using at least one thermal block per
dwelling unit, except units facing the same orientations may be combined into one thermal block.
Corner units and units with roof or floor loads may only bsbmed with units sharing the same
features.Thermal blocks in the baseline (budget) design must be the same as in the proposed design.

Review Tips

1. The submittal packag®er projects followinghe PRMor 2019and 2022ECBnust include a diagram
showing the thermal blocks used in the computer simulation. Refer to the Review Checklist tab #15
to identify the name of the file or document with the necessary informatidhe diagram should
include the labels corresponding to the block names used in the simulation, or a description of the
thermal block haming convention used. For example, the names of the thermal blocks may be based
on the space names showwn architectural drawingfRequest thermal block diagram if it is not
included in the submittal package or lacks the necessary deiais though it is not required for
projects following 90.1 2016CBareviewer may still choose to request it to help verify that the
relevant requirements 090.1 are met.

Figure 7: Sample Thermal Blocks Used in the Computer Simulation

R
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2. The thermal blockare summarized in Table 2 of theterior Lighting Summary taSpotcheck the
table to confirm alignment with the submitted diagram.

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 140



3. ¢KS NBft SOl yi

ndm NHzZ S& aSid GKS YAyAyYdzy fS@St
captured in the modelHVAC zoneay include one or more spaces where indoor conditi@ng.,
temperature)are maintainedby a single sensor (e.g., thermostaRefer to Table 1 of the Interior

Lighting Counts tab where detailed information for thermal blocks is provided. Spot check a sample
of larger or typical thermal blocks with the submitted block diagram and mechanical plans drawings
to confirm that therules we correctly applied to the project.

Table 1: Lighting Fixture Counts Total for Area (ftl): 109,661 Total F
2] = 7|
Space Name
Reference (e.g. space
name(s) from Thermal Block Name from Lighting Plans RCR LP!
drawings) Model Dwgh Itipli Space/Building Area Type (90.1-Section 9) Area (ftz) per Se
Corr 101 Corrl E-101 1 Corridor/All Other 604
Trash 102 Corrl E-101 1 Storage Room/<50 ftA2 49
Stair 103 N Stairl E-101 1 Stairwell 92
Stair 104 5 Stairl E-101 1 Stairwell 92
Apt 101A MF1ESE Perim Spc (G.ESE4) E-101 1 Dwelling Unit 963
Ant 101D RACACact Nerim Can (2 CEL c1n 1 Pumiallin Linit a1
» ...| Lighting Space Types | Interior Lighting Counts | Interior Lighting P ... 4
.
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Example A &n story multifamily building with eight apartments, corridind stairwells on eaclfioor
would be modeled with 27 thermal blocks (highlighted in redhe figure below, including nine
thermal blocks orthe top and bottom floorsand another 9 thermal blocks on a typical middle floor to
which a multiplier of 8 is applied to indicate that there are eight such floors in the building.

9

| i

‘ 1 2 3
[

7 [ : — 1[—4¢— 8

|

6 5 4
[

AHVACO02B,P Thermal blocks are modeled as reported in the Compliance Form

Review Tips

1. Spotcheck simulation reports to verify that the modeled thermal blocks for the baseline/budget
and proposed design reflect thermal blocks reported in Table 2 dfitteeior Lighting Summary tab

eQUEST Reports| SVVA

TraneTRACEOO | Room Information entered values report
Trane TRACE 3D| NA

Plus
IESVE SOFTWAHR Plant Loops & Equipment Report, Space Loads & Ventilation RBpor) Loads
Report, Zone Loads Repp8ystem Loads Report, Detailed Simulation Report
Energy Model Output Report, PRM Compliance Report, ECB Compliance R
BPRM Report

EnergyPlus S LJt dza ( imgutdvirificdtion asd Results Summ@ry NB LJ2 NI = WY
A4800A2YS FYR WLYAGAFEAT FGARY {dzYYl
OpenStudio S LIt dza ( imgutdvirificdtion aswd Results Summ@ry NB LJ2 NI = W3

aSO0GA2YS YR WLYAGAFEATFGAZ2Y {dzYYl
Carrier HAPV5 |[a! ANJ { @aGSY LyLdzi 5FGF¢ NBLR2NIHa®
Design Builder Zone Sensible Heating/Cooling Tables in Output Summary Document

AHVA®@3zP All specifiedair-side HVACsystemsare reported in the Compliance Form

Review Tips

1. Each HVAC system shown on mechanical schedules must be include@€ontpkance Form
Crosscheck information provided in Table 1a of the Proposed HVAC with the Mechanical Schedules
to confirm that all specified aside systems are reported.

2. CommonMistakes
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a) Supplemental systen®ich aslectric resistance unit heaters and baseboalus areoften
specifiedfor mechanical rooms, stairwelédbathroomsnot reported in the Compliance
Form

AHVAC@®BzB Baselingbudget system typesreported in the Compliance Form are
established correctly

90.1 2016and 2019/2022 ECB

Each HVAC system specified in the proposed design must have a corresponding baseline system
established following 90.Eigure 11.5.fFigure 12.5.2Table 115.2-1/Table 125.2-1 andaccompanying
notes.

90.1 2016and 2019 PRM

Baseline HVAC system type and description must be based o8&€ibn G3.1.1Mixed use buildings
that include both residential and neresidential building types with nepredominant conditions
accounting for more than 20,00€ of conditioned floor area must have a separate baseline system
type established for each set of conditions. The following baseline systems apply to climat@RBpnes
3C,and4t08

o0 All residential occupanci€dormitory, hotel, moteland multifamily):
System I PTAC
o All public assembly occupancies (houses of worship, auditoriums, movie theaters, performance
theaters, concert halls, arenas, enclosed stadiums, ice rinks, gymnasiums, convention centers,
exhibition centersaand natatoriums):
System 8 PSZAC if <120,000 %t
System 12 SZCVVHW if >= 120,000t
0 Heatedonly storage (e.g. warehouse) meetittig definition of nonpredominant conditions, or
certain heatedonly spaces such as storage rooms, stairwells, electrical/mechanical ré6rts (
SectionG3.1.1 e):
System 9 Heating and ventilation
o All other nonresidential:
System 8 PSZAC if 3 floors or fewer and <25,008 ft
System 5 Packaged VAV with reheat if 4 or 5 floors and <25,30fr  floors or fewer and
25,000 ft to 150,000 ft
System T VAV with reheat if more than 5 floors or >150,000 ft

The following baseline systems apply to climate zdhes3A

o All residential occupanci€dormitory, hotel, moteland multifamily):
System X PTHP
o All public assembly occupancies (houses of worship, auditoriums, movie theaters, performance
theaters, concert halls, arenas, enclosed stadiums, ice rinks, gymnasiums, convention centers,
exhibition centersaand natatoriums):
Systemdt PSZHPIf <120,000 ft
System Bt SZCVVERIf >= 120,000 ft
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0 Heatedonly storage (e.g. warehouse) meetitig definition of nonpredominant conditions, or
certain heatedonly spaces such as storage rooms, stairwells, electrical/mechanical ré6rs (
SectionG3.1.1 e):

SystemlOr Heating and ventilation

o All other norresidential:

Systemdt PSZHPIf 3 floors or fewer and <25,000 ft

Systen6t Packaged VAV witPFP boxei 4 or 5 floors and <25,000%fr 5 floors or fewer
and 25,000 ft2 to 150,000t

SystenBt VAV withPFP boxe§ more than 5 floors or >150,000 t

90.1 2022 PRM
G3.2 New Construction/Major Alterations

Baseline HVAC system type and descriptiorprojects following Section G3rRust be based on 90.1
Section G3.2.1BBelow is a summary of the procdss determining the baseline HVAgstem(s)
1. Determine the combined gross conditioned and shedted floor area for each of the following

building area types in the proposed design:

A

To To To o Do

2. Classify the nonresidential building area type with the largest combined area as the predominant
nonresidential building area type. Add the combined area of any remaining nonresidential building

residential and residentiassociated zones

residential associated HVAC zone (90.1 SectiaraBy HVAC zone that primarily
includes nonresidential spaces designed to serve occupants of residential spaces,
including but not limited to corridors, stairwells, elevator lobbies, and common
restrooms, on a floor where over 75% of the gross conditidieal area are residential
spaces. This definition does not apply to HVAC zones within hospitals.

public assembly
heatingonly storage
retail

hospitals

other nonresidential

area types with less than 20,000 fo the combined area of the predominant nonresidential
building area type.

3. Select a baseline HVAC system type from Table G3 fbrleach of the following building area
types included in the proposed design:

a. Residential based on Section G3.2.1.1(a)

b. Predominant nonresidential based on Section G3.2.1.1(b)

c. Each additional nonresidential building area type with more than 20,600 ¢ombined area
based on Section G3.2.1.1(a)

G3.3 Minor Alterations

The gstenmsand equipment included in the scope of retrdbir aterationssubject t090.1 2022Section
G3.3(i.e., Minor Alterationsinustbe modeled following theequirements of G3.3.2.8(ayhich specify
that the baseline HVAEystem type is the same as the proposed dedixteption:if the proposed
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design includes variable refrigerant flow heat pumps or siaglee systems with electric resistance
heat, then air source heat pumps shallinedeledin the baseline design.

Review Tipg 90.1ECB

1. Budget HVAC system types are reported in Table 1a d@tidget HYAC ECB t&inceECBequires
that each system in the proposed design has a corresponding budget system, the default budget
system types are set in the table by applying the appropriate rul&C&o each proposed system.
The overwritten defaults are shown in brown bold font and should be verified.

Correspon-
Modeled Budget Sys N i Areas Served System Type (Figure 11.5.2) aty
B reas Server ystem Type (Figure 11.5..
System
B System 10 - Packaged terminal air
Cor_Sys Cor_Sys Corridors o 1
conditioner
B System 11 - Packaged rooftop air
UH_HW UH_HW Stairs - 26
conditioner
B B . System 11 - Packaged rooftop air
Retail_Sys Retail_Sys Retail L [
conditioner
s Apt S Apart " System 10 - Packaged terminal air 0
DR Proys partments conditioner
System 10 - Packaged terminal air
DOAS_Sys DOAS_Sys Apartments . 1
conditioner

Review Tipg 90.1PRM

1. Baseline HVAC system types are reported in Table la &abeline HVAC PRM taépotcheck to
confirm that the baseline systems were established correctly based on the applicable 90.1 rules.
Refer t090.1 2022SectionG3.3PerformanceCalculations for Othehlterationsfor review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2 2] = 7| 2]
Applicable
Exception, If
Modeled Sys Name System Type Any Zoning Areas Served Qry
Syst
UH_Stairs System % - Heating and ventilation G3.11(e) LEL Stairs 26
per Block
Syst
psz_metail System 3 - PSZ-AC G3.11(b) LEL Retail 6
per Block
PTAC_Apts System 1- PTAC TR Apartments and Corridors S0
per Block

2. Common Mistakeénot applicable to alterationsubject t090.1 2022 Section G3.3)

a. Baseline HVAC heating fuel source based on the heating source used in the proposed design
AyadSIFIR 2F o0FaSR 2y (KS LINE 2 Sxin@te zomkef4A tidt (i S
has electric heating in the proposed desgjould not have electric heating modeled in the
baseline design.

b. Modeling dedicated outdoor air system (DOAS) in the baseline on projects with DOAS in the
proposed design. Instead, heating, cooling and ventilation in the baseline design is provided by
systems determined following 90.1 Section G3G3.2.1

c. System 5 8 are not modeled as System per floor; instead, multiple systems per floor are
modeled to maintain the same arrangement as in the proposed design. This impacts a baseline
a & a Gisdwigual OA to supply ratio which determines baseline energy recovery requirements
and may also affect the baseline system efficiency.
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AHVA®@A4zB P All baseline/budget and proposed airside HVAC systems reported in the

Compliance Form are modeled.

Review Tips

1. Spotcheck simulation reports to confirm that all proposed-sitte systems reported on Table 1la of
the Proposed HVAC tab are modebed reflect the reported system type and fuel

2. Spotcheck simulation reports to confirm that all budget/baselinesatte HVAC systems reported in
Table 1a of the Budget HVACB Baseline HVABRRMtabs are modelednd reflect the reported
system type and fueFor alterations subject to 90.1 2022 Section GBe3, Minor Alterations)
review Table 1a on the Proposed HVAC tab for baseline systaoesthere should be @ne-to-one
relationship between the baseline and proposed.

3. Confirm alignment between heating/cooling fuel sources reported in the Compliance Form for
baseline/budget and proposed design with modeling resiity example, some systems reported
in the Compliance Formse electric resistance heat, simulation output reports must show electricity
consumption under space heating end use.

4. Common Mistakes

a) ! aAy3a AYyO2NNBOG auGSYLX iS¢ AGKAY GKS aAYdZ |
as a constant volume system template to model a variable volume system.
b) Omitting electric resistance space heaters and radiators from the model

eQUEST Reports| SVA (includes all aiside systems), S5 DOR2 Help (established modeled
system type based on S$Vand enteritintoDOE | Sf LJ a & S| NOK
typical applications), BEPU (check that electricity is reported under heating ¢
use if electric resistace heaters are specified)

The following system types are commonly used to model PRM Baseline sys
System X PTAC, PSXC, PVV:RC

System 3; PSz; AG PVVIAC

System & PVAVSPIU

System & VAVSPIU

System & UHT

TraneTRACEOO | System Information entered values report for system type and Energy Cost
Budget report for space heating end use

Trane TRACE 3D| System Component Summary report

Plus
IESVE SOFTWAHR BPRM ReporfRlant Loops & Equipment Report, Space Loads & Ventilation
Report,Room Loads Report, Zone Loads Refgystem Loads Report, Detailed
Simulation Report, Energy Model Output Report, PRM Compliance Report,
Compliance Report

EnergyPlus SL dzadof oKGYE W/ 2YLRYySyd {ATAy3 {d
OpenStudio SL dzadof oKGYE W/ 2YLRYySyd {ATAy3 {d
Carrier HAPV5 (L y LJdzd S5FGFY a! AN {@aGSY LyLdzi 51F Gt
hdzi Lddzi 51 G1FY dazyuaKfe {AYdZFdA2y W
Design Builder Air-Side HVAC sheetiEED Minimum Energy Performance Calculator (.xIsm
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AHVA@5zP Heating and cooling types andapacities of the proposedair-side HVAC
systems reported in the Compliance Form reflect Design Documents.
Review Tips

1. Heating and cooling types and capacities of thesale HVAC systems are reported in Table 1a of
the Proposed HVAC tab. Craggeckthe providedinformation with the design documents for a
sample of systemw confirm alignment

2] H 2] 5| | 5| Heating System Typs and Capacity
?
Drawing | DOrawing Preheat Coil
System | Plans! FuelType {Heating | TotslCapacity | Cap Heating
Modeled System Name | Namsis] | Sp: Areas Seved Quantity Equipment Tupe. Heat Pump Typs 5 for Gty Listed | Units Source Fieheat Typs | Perimster Radiatic
Cor_Sus RTU_1 M-101 Conridars 1 Uniit Heater nla Electric Resi 78 \Buth | Mo z::‘“e 3 None it
UH_HW UHT | Mtz Sesits 28 Unit Heater nia Elecuic Resistance £ N A N
Retail_Sys AHU_ M-101 Retail ] Central Fumnace nla Matural Gas 300 \Buth | Mo “::"“e 3 None it
Apt_Sus FCU_180 | M-103 Apanments &0 He-st Pump VHF”’H?‘ Roaezmpi nls 2,240 Kl | Mopreheat Mane 1
aurce col

Mo prehest

DOAS_Sys DOAS 1| M-103 Apanments 1 Central Fumase: nia Matural Gas 1,260 KBruth ] [ "

AHVAC®BZzB Heating and cooling types and capacities of tHeseline/budget air-side HVAC
systems reported in the Compliance Formare established correctly

90.1 201&nd 20192022 ECB

The equipment capacities for the budget building design must be sized proportionally to the capacities
in the proposed design based on sizing runs, i.e., the ratio between the capacities used in the annual
simulations and the capacities determined by tlergy runs must be the same for both the proposed
design and budget building desidd0(1 Section 11.5.290.1 Section 12.5.2.iThe @pacity of each

system in the budget building should have a reasonable correlation to the corresponding system in the
proposed design. For examplethie proposeddesign has less efficient envelope compared to the

budget design, budget system capacities are expected to be lower compared to the corresponding
proposed system.

90.1 2016PRM

G3.1.2.2 Equipment CapacitieBhe coil capacities for tHeaselinesystemanust be based on sizing

runs for eaclorientation (90.1 Table G3.1, No. $ and oversized by 15fr cooling and 25% for

heating i.e., the ratio between the coolifigeating capacities used in the annual simulations and the
capacities determined by the sizing runs must be /L P%. Weather conditions used in sizing runs must
be based either on hourly historical weather files with typical peak conditions, or 99.6% heating design
temperatures and 1% drgulb and 1% webulb cooling design temperatures from 90.1 Appendia®
illustrated below

Figure 41: Example Design Conditions from 90.1 Appendix D

TABLE D-1 U.S. and U.S. Territory Climatic Data (Continued)

State/City

Latitude

Longitude

Elev.,
ft

HDD65

CDD50

Heating Design
Temperature

Dry-Bulb

Wet-Bulb

Number of Hours
8 a.m.—4 p.m.

10%

1.0%

55 < Tz <69

(New York cont.)
Cortland
Elmira/Chemung Co
Geneva Research Farm

Glens Falls FAA AP

4260 N
4217N
4288 N
4335N

T6.18' W
7690 W
77.03 W
T3.62W

1129
951
718
321

7168
6845
6939
7635

2225
2420
2364

2182

NA
71
NA
71

NA
NA
NA
NA
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90.1 20B PRM

G3.1.2.2 Equipment CapacitieBhe coil capacities for tHeaselinesystemanust be based on sizing
runs for eaclorientation (90.1 Table G3.1, No. % and oversized by 15fér cooling and 25% for
heating i.e., the ratio between the coolifigeating capacities used in the annual simulations and the
capacities determined by the sizing runs must be AL 2%5.

Weather conditions used in sizing runs to determine baseline equipment capasitexguired to be
based on design days developed using heating design temperatures, coolingtdegignature, and
cooling design webulb temperature For cooling sizing runs, schedufesinternal loads, including
those used for infiltration, occupants, lighting, gas ahettricity using equipmengre required to be
equal to the highest hourly value used in the anrgialulation runs and applied to the entire design
day.For heating sizing runs, schedufesinternal loads, including those used for occupants, lighting,
gas and electricity usingguipment,are required tobe equal to the lowest hourly value used in the
annual simulation runsand schedules for infiltratioare required to beequal to the highest hourly
value used in thannual simulation runs and applied to the entire design dayexception is thatdfr
cooling sizing runs in residential dwelling units, the infiltration, occupants, lighting, gasdemtritity
using equipment hourly schedudge required tobe the same as the most used hourly weekday
schedule from the annual simulation.

90.1 2022 PRM
G3.2 New Construction/Major Alterations
G32.2.2 Equipment CapacitieRequirements are the same as describedtiier90.1 2019 PRMbove

G3.3 Minor Alterations

For the gstens and equipment included in the scope of retrdfitr alterationssubject to 90.1 2022
Section G3.8apacities for the baseline design are required to be sized proportionally to the capacities
in the proposed design based on sizing muns., the ratio between the capacities used in the annual
simulations and the capacities determined by the sizing ainadl be the same for both the proposed
design and baseline building desigased 0r00.1G3.3.2.8e

Review Tipg ECB

1. Heating and cooling types and capacities oflthselineair-side HVAC systemasereported inTable
la of theBudget HVAC ECB tabthe Compliance Form

2. The capacitpf each system in the budget building should have a reasonable correlation to the
corresponding system in the proposed design. For example, if the proposed design has a less
efficient envelope compared to the budget design, the budget system capacitiesxpected to be
lower compared to the corresponding proposed system.

Review Tipg PRM

1. Heating and cooling types and capacities ofltaselineair-side HVAC systenase reported inTable
la of the Baseline HVATRMtab ofthe Compliance ForniRefer t090.1 2022SectionG3.3
PerformanceCalculations for OtheAlterationsfor review tips foralterations subject to 90.1 2022
Section G3.3 (i.e., Minor alterations).
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2 ? 2 ? Heating Cooling
2| 2] 2| 2] = g
Fuel Type

[ Heating Cap. Equipment | Total Cap.
Modeled Sys Name System Type Areas Served Qry Equipment Type Source  |Total Capacity| Units Type Capacity| Units
g 4 4

System 8- Heati d i
LSS ZEUTyE Stairs 26 Fossil Fuel Furnace HEE] 53 kBtu/h None - kBtu/h

UH_Stairs ventilation .

Psz_Retail System 3 - PSZ-AC Retail 6 Fossil Fuel Furnace HEE] 1,204 kBrufh | Direst 768 | kBtu/h
Gas Expansion

Apart t: d Hot-Water Fossil Fuel i
pa n'n_an = an %0 o =) er_ ossil Fue MNatural 1,898 kBtu/h DlrEE_t 2,088 kBtufh
Corridors Boiler Gas Expansion

PTAC_Apts System 1- PTAC

2. Heating and cooling types are shown in the Equipment Type columns and arpaquutiated based
on user selection in System Type column.

3. The values entered in the Total Capacity columns for heating and cooling must be based on the
simulation results.

4. The coolingapacity inputshould be compared to the typical shown in Talie Projects with
lower SF/Torshouldbe flaggedas they may have an overly lenient (less efficient than required)
baseline Exaggerated baseline cooling system capacity may lead to the system operating at low
fraction of design capacity for most of the year, lowering the annual average efficiency. For projects
with constant volume systems in the baseline, this will also exadgéne baseline fan energy use.
In addition, ifa prgect uses a utility rate structures with demand charges, this will exaggerate the
baseline demand charges and energy cost.

The issue may be caused by one or more of the following:

a) Design conditions are not entered correctly

b) Higher thantypical internal gainfrom lighting, occupancy or miscellaneous equipment
during design day

c) Lower than typical modeled design cooling temperature

d) Cooling is oversized by more than 15% to reduce number of hours for which cooling load is
not met in the simulation. However, the unmet load hours are often due to simulation
mistakes and should be addressed in lieu of increasing cooling capacity. F@exam
cooling schedulenay allow temperatures to go up significantly during unoccupied hours
resulting inhigherthan-expectedioad when the building switches to occupietbde.

Table13: Cooling Capacity Rule of Thufib

Occupancy Type Cooling Load, SF/Ton
1 Ton = 12,000 Btu/hr = 12 MBH
Apartment highrise 400- 450
Public assembly 250-400
Schoolg; universities 185-240
Hotels, motels, dormitories 300- 350
Office buildings 280- 360

20 ASHRAE Pocket Guide for Air Conditioning, Heating, Ventilation, Refriger&igudliflon), 7 Edition
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AHVACO0&B,PHeating and cooling capacities of the aiside HVAC systems are modeled as
reported in the Compliance Form

Review Tips

1. Spotcheck simulation reports to verify that modeleddting and cooling capacities for a sample of
air-side HVAC systems reflect values reported in the Compliance FornT.gl§leela of the
Proposed HVAC tab for reported capacities of the proposed systems;ablda of the Budget
HVACECBBaseline HVABRMtabsfor budget/baseline system capacities that must be modeled
Foralterations subject to 90.1 2022 Section G3.8., Minor Alterations)if baseline capacities were
requested under AHVACE, conpare the documentation provided to simulation reports.

2. ForPRMbaseline system@xcludingalterations subject to 90.1 2022 Section G3WBE simulation
input and output reports to verify thathe ratio of the baseline system capacity to the simulated
peak loads approximatelyl5%for cooling and 25% for heatingjhe oversizing may dégherdue
to the difference in internal gain and weather used for equipment sizing versus the annual
simulation. Oversizing significantly higher than 15% should be flagged.

3. ForECBbhudget systemand PRMalterations subject to 90.1 2022 Section G@.8., Minor

Alterations)

a) Usesimulation input and output reports to confirm théte ratio of equipment
heating/coolingcapacity to the simulatetieating/coolingpeak load should be the same or
very similar for the budget systems as for the corresponding systems in the proposed
design, based on the simulation output reports.

b) Calculate the effective heating/cooling full load hours (EFLH) as the ratio of the annual
heating/cooling load to the heating/cooling equipment capacltgeeffective
heating/cooling EEHshould be similar between the proposed systems and the respective
budget systems

4. Common Mistakes:

a) Having the software autgize theproposedsystems instead of using heating and cooling

capacities specified on mechanical schedules.

eQUEST Reports

LSC (design conditionsBSP (oversizing for baseline/budget systems)(3V
(modeled capacity)

TraneTRACEOO

System Information entered values report

Trane TRACE 3D
Plus

System Component Summary report

IESVE SOFTWAF

Plant Loops & Equipment RepdBystem Loads Report, BPRM RefBpace
Loads & Ventilation RepofRoom Loads Report, Zone Loads Repioetailed
Simulation Report, PRM Compliance Report, ECB Compliance Report

EnergyPlus SL dzadof oKGYE W/ 2YLRYySyd {ATAy3 {d
WO ljdA LIYSY(d {dzYYFNEQ NBLRZNIZ WI !/
{dzYYI NEQ aS00GA2yX FyR W/ 2Af { Al Ay
needed

OpenStudio SLX dzadof oKGYE W/ 2YLRYySyd {ATAy3 {d

WO ljdA LIYSY(d {dzYYFNEQ NBLRZNIZ WI

I+

I/
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{dzYYI NEQ &aSO0GA2y> YR W 2Af {AlAy3
needed

CarrierHAPV5 [a! ANJ { @4GSY LyLMdzi 5FGFé¢ NBLR2NIa®
Design Builder Air-Side HVAC sheet in LEED Minimum Energy Performance Calculator (.xlg

AHVAQ@7zP Reportedair-side HVAC systemsooling and heatingefficiencies reflect design

documents.

Review Tips

1. Heating and cooling types and capacities of thesale HVAC systems are reported in Table 1a of
the Proposed HVAC tab. Cradgeck the provided information with the design documents for a
sample of systems to confirm alignment.

2. 90.1 Section 6 includes tables with the minimum efficiency requirements for different types of HVAC
systems. These requirements are mandatory and must be met by all specified systems. The
requirements applicable to each specified system are shown in Tablgfficiencies that are below
the required minimum are highlighted in reshd must be noted in the review comments.

3] | KT} 7] 7 KT} Specified Efficiency Wi Eowsed Effiieny
2 | ] = |zl E H|
Orawing Drawing COF Unitary Unitary Efficienc Part Load

Modeled System | System | Flansi Single-sone arl| | Unirary néheatin| Cool Ful il Par COFnis| Eéficiency | sniRer |y | Efiiency| 0 1Fef
hame Namels] | Spes Areas Served Quantity | Mubiore? | | HeatngEW. JEF.Units | g | LoadE. | EWfUnital | loadEF. B.Units | oling | Heatng | Table | Cooling Cosling | Table
Fietai_S1s AHULT | mm Fietail 6 Sl seteila 085 AFUE | nia 50 EER 128 EER | 440 | stearue | T30 [ynper|zriEeR [ T
Fresidentisl 6415 6ot

Bpt_Sys FCU_tea| Bpartments 20 SEH D s . nts a . s . s nta nis nta nia

Residential

¥ Single Zone . Table Table
D085 Sy [T PR Apantments 1 Lubar 08 B nia 33 EER ne EER | 40 [ soxec [ T30 faseem | nogeR | e

AHVACO0&P Cooling and heating efficiencies of the specified agide HVAC systems meet

the mandatory minimums in 90.1 Section 6

Review Tips

1. 90.1 Section 6 includes tables with the minimum efficiency requirements for different types of HVYAC
systems. These requirements are mandatory and must be met by all specified systems. The
requirements applicable to each specified system are shown in Talié¢ the Proposed HVAC tab.
Efficiencies that are below the required minimum are highlighted in red and should be fl&msd.
checkthe validity ofmanual overridesf the minimum allowed efficiency valuagich would be
shown in brown bold fontExisthg systems and componentst in the scope of therojectdo not
need to comply with minimum efficiency requirements.

ﬂ 2] ) ﬂ =] ) Specified Efficiency Tl flewed ER [EERET
2

| | p = 21| Lo H|
Orawing | DOrawing COP |  Unitany Uritary Efficienc| Part Load
Madeled System | System | Plans/ Single-zone or Uritary nfheatin| Coal. Full Cool. Part COPnfc || Efficiency | 900Rk. |y | Efficiency| 90.1Rek.

hame Namels] | Spes Areas Served Quantity | Mbiecre? | | HeatngEW, JEF.Units | g | LoadEW. | EUnita) | loadEW. | BF.Units | ooling | Heatng | Table | Cooling Cocling | Table

Fetal_Sys AHUA | -0t Retail G Single Zone Mo 085 AFUE | nia a0 EER 128 EER | 440 femcarue | T2 [yoeer|re7iEem [ Tabe

Fresidential 6415 641

Apt_Sys FCU_ten| 03 Apartments g0 Sl e nta . nfa nla . nta . nta nta nfa nta nfa

Residential

Single Zome . Table Table

DOAS_Sys noas_1 M-103 Apartments 1 Rezidential ns Er nia a8 EER nz [EER: 4.10 0% Er 5A1E ABEER | 1L.0IEER 5811

AHVAC®zB Baselingb udgetair-OEAA OUOOAIT 08 Efidetciesraportddilh AT T 1 E
the Compliance Formare established correctly

90.1 2016and 20192022 ECB
All HYAGquipmentin the budget building desigmust be modeled at the minimum part load and full

load efficiencies i®0.1Sections 6.4.
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90.1 2016and 2019 PRM
Baseline system efficiencies must be base®@i Tables G3.5.1 through G3.5.6

90.12022PRM
G3.2 New Construction/Major Alterations
Requirementsare the same as fahe 90.1 2016 and 2019 PRabove.

G3.3 Minor Alterations

Systems and equipment included in the scope of retrofit for alteratisaigject to 90.1 202%ection
G3.3(i.e., Minor Alterationsgare required to banodeled at the minimum part load and full load
efficiencies in 90.1 Section 614n the baseline design moddll other baseline systems and equipment
shall be modeled the same as in the proposed design.

Review Tipg 90.1ECB

1. Heating and cooling system efficiencies are reported in Table 1a &utiget HYAC ECB tabhe
RSTlLdzZ Ga NS oFaSR 2y GKS STFAOASyOe iwtitterf Sa NBTF
defaults which are shown in brown font should be confirmedhgyreviewer

. Budget Model Efficiency Heating - Budget Model Efficiency Cooling
Modeled Budget Sys N ding : Mu-; led | 901Ref | Unita ] COPnfco | 90.1 Ref
(4 L jame .. . .. .
BEE Proposed | Unitary EFf. EFf. Units oae MY | egt Units | Part load | EFf. Units | O
Efficiency Table |Full Load oling Tahle
System Eff.
Eff.
r r r r Tahle r r r r r r Tahle
Cor_Sys Cor_Sys B0% Et B0% Et as EER 110 IEER 378
6815 6.81-1
| 4
UH_HW UH_HW - - - 120 | seem Table
6.81-1
F
Tabl Tabl
Retail_Sys Retail_Sys 80% Et 0% Et able 08 EER 114 IEER 358 able
6.81-5 6.81-1

Review Tipg 90.1PRM

1. Refert090.1 2022 Section G3.3 Performance Calculations for Other Alteratigrgiew tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alteratiéfesjting and cooling system
efficiencies are reported in Table 1la of tRaseline HYAC PRM fahd are autepopulated based on
user inputs in the System Type column and the Total Capacity columns for heating and cooling. In
addition, the appropriate simulation inputs for heating and cooling efficiency are automatically
established and shown in thdodeled Efficiency and COPnfcooling columns. The calculations reflect
90.1 requirements foextracting fan power from efficiency rating.

ﬂ ﬂ Baseline Efficiency Heating Baseline Efficiency Cooling
2| H | 2|
Unitary Unitary
Modeled Full Load Part load COPnfco
Modeled Sys Name System Type Unitary Eff. | Eff. Units | Efficiency Eff. Eff. Units Eff. Eff. Units oling
System 8 - Heati d
UH_Stairs LSS el e B0% Ec 78% Et
ventilation
PSZ_Retail System 3 - PSZ-AC 78% or B0% AFLEIE or 80% Et 10.1 EER - - 3.52
PTAC_Apts System 1- PTAC - - - 9.3 EER - - 288
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AHVAC®zP Modeling inputs for the proposed heating and cooling efficiencgre provided

in the Compliance Form and established correctly

90.1 2016and 20192022 ECBand PRM

90.1 Section 11.5/242.5.2, Table G3.1 #10

The modeled efficiency of the proposed systems must be adjusted to remove the supply fan energy
corresponding to the conditions at which the unit was tested by the manufacturer. This requirement
applies to all systems with a cooling efficiency rating esped as EER and SEER. The cooling efficiency
with the fan energy excluded is referred to as COPnfcooling must be calculated based on manufacturer
data at AHRI Rating Conditions, as follows (see also the 90.1 User's Manual):

Indoor Fan Power [W] = (Gross Cooling [BtiMiel Cooling [Btu/h])/3.413[Btu/h x W]

COPnfheating = Gross Heating [Btu/h]/(Total Input Power-Mfoor Fan Power [W]) x 3.413 [Btu/hx
W)

Review Tips

1. COPnfcoahgand COPnNfhedatgfor each proposed HVAC system with DX heating or cooling is
included in Table 1a of the Proposed HVAC tab. Confirm that it is calculated as appropriate for a
sample of HVAC systerasd comment if incorrect-ocus the review on DX systems with the highest
heating/cooling capacities and spoheck the rest.

=] | Specified EFficiency — Mirimurn Alowed Efficiency 7 =
= 5| B 2| H H Load 2
Drawing COP  JUnitary Cool Unitary Efficien | Part Load
hdodeled Sustern Systermn Unitary rfheating  Full Load Cool. Part COPrfeo| EEfficiency | 901 Ref. oy Efficiency | 80.1Ref. |Basizs of Modeled Performance!
Marne MName[s]  Heating EFf. | EFf. Unit; g EFF. EFfFf. Units | load EFf. | EFF. Unit: aling Heating Table | Cooling | Coaling Table Curves
Cor_Sys RTLY | 0% Et ra 20 EER w0 | Eer [ am |femee | T3 |noeer wrger| T35S | Ferfornance Rating Method
EB16 E811 Reference Manual
UH_Hw! UH_1 Ha - Ha ra - Ha - Ha rla nla Ha Ha - Ha
= Table Table Performatice Rating Method
Retail_Sus AHLLT ns Et ra 1 EER 12.8 IEER 4.40 8074 Et Gais |WOEER2TIEER | 500 Fiatarence MamLisl
Apt_Sys FCU_180 Ha - Ha a - Ha - Ha Hla rla Ha Ha - Ha
= Table Table Performatice Rating Method
DOAS_Sus DOAS 1 k] Et ra 9.8 EER nz IEER 410 8024 Et gals |YSEER WOIEER | ooy Reference Mamual

Example The specified aihandling unit has the following rated performance based on the
Y ydzFl OGdzNBENRa OFdrtz23y

Gross Cooling Capaciyrull Load [Btu/hr] 103,000
EER /IEER 12.6/225
AHRI Net Cooling CapaadaitfFull Load [Btu/hr] 99,000
System Power [KW] 7.86

Indoor Fan Power [W]€Gross Cooling [Btu/lg Net Cooling [Btu/h])/3.413 [Btu/h x W]=
(103,00099,000)/3.412=1172 [W]

CORcoo= Gross Cooling [Btu/h] / ((System Power ffjdoor Fan Power[W])*3.412[Btu/h x W] =
103,000/((7860¢ 1,172)*3.412)=0.2214
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AHVAC®zB Modeling inputs for the baseline/budget heating and cooling efficiency are

provided in the Compliance Form and established correctly

90.1 2016and 2019/2022 ECB

Section 115.2 ¢ 12.5.2 ¢ For Systems 3,4,6,8,9,10,11, supply fan energy at AHRI test conditions must be
extracted from efficiency ratingsing the provided methodology.

90.1 2016 PRM
Section G3.1.2.1ForSystems & 6, supply fan energy at AHRI test conditions must be extracted from
efficiency ratingusing the provided methodology

90.1 2019 PRM
The efficiency values included90.1 Tables G3.5.1 through G3.8dnot include supply fan energy so
no adjustments are required.

90.1 2022 PRM
G3.2 New Construction/Major Alterations
Requirements are the same as foe 90.1 2019 PRMbove.

G3.3 Minor Alterations

Systems and equipment included in the scopeta retrofit for alterationssubject to 90.1 202%ection
G3.3(i.e., Minor Alterationsare required to be modeled such that supply fan energy is extracted from
the efficiency rating (Wwere the efficiency rating includes supply fan enérigyaccordance wit80.1
Section 12.5.2c.

Review Tips

1. The appropriate simulation inputs for heating and cooling efficiency are automatically established
and shown in the Modeled Efficiency and COPnfcooling columns in Table 1a of the Baseline HVAC
PRMor Budget HVAECB tabgfor alterations subject to 90.1 2022 Section G@.8., Minor
Alterations)see supplementary documentatiorequest this if not provided depending on the
compliance path. The calculations reflect 90.1 requirements for extracting fan power from efficiency
ratings. FOE@ projects, the defaults may be owaritten by the modeler. The custom values may
be verified

AHVAQO-P The heating & cooling performance curves used in th@oposed design

simulation are based on an approved source

Review Tips

1. The modeled performance curves reflect variations in efficiency and capacity of the specified
equipment at the range of operating conditions. The basis of the modeled performance curves must
be specified in Table 1a of the Proposed HVAC tab.
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=] =] =] H Specified Eficiency Vinimum @llawed Efficiency
H 2 2| 21 2 Load
COP | Unitary Unitary Efficienc| Part Load
niheatin| Cool. Ful Cool.Part COPnfc | Efficiency | 90.1Fef. |y | Efficiency| 301 Fef
Efflnit | g LoadEFf. | EM.Units | loadEN. | Eff.Units | ooling | Heating | Table |Cocling| Cooling | Table
0 Table Table
AFUE . 20 EER 120 IEER b2z | sreAFUE | TSR [MOEER| 2TIEER | [30¢

nta - nta - nia nta na

ing .
MadeledSystem | System | Plans/
Name Hamefs) | Spec Areas Served

Cor_Sys RTUT | 01 Conidors

UH_Hw EBrd W02 Stairs

Retail_Sus AHUT | Bm Retail AFUE | nia 28 EER 128 [EER 023 | e AFuE gg""; TOEER | 127 IEER g;""i

The performance curves may be available from equipment manufacturers or developed based on the
performance data provided by the manufacturer. If the performance curves for the specified equipment
are not available, the default curves from the ANSI/ASHESEStandard 902016 Performance Rating
Method Reference Manu#l(or latest available versiomyay be used.

2. When custom performance curves based on manufacturer data are used for any of the systems,
supportingdocumentation must be provided. Refer to Submittal Checklist téhté2onfirm that it
is included in the submittal. The provided calculations may be reviewed for a sample of performance
curves. Alternatively, reviewer may verify that, based on the simulation reports, the realized annual
average efficiency is similar therated IEERf the unit

AHVAQO-B The heating & cooling performance curves used in tHeaseline/budget design

simulation are based on an approved source

Review Tips

1. The modeled performance curves reflect variations in efficiency and capacity of the specified
equipment at the range of operating conditions. The basis of the modeled performance curves must
be specified in the last column of Table 1a onBaseline HYAC PRM tfao PRMprojects and on
the Budget HVAC ECB tlp ECBorojects. The curves from the ANSI/ASHRAE/IES Standard 90.1
2016 Performance Rating Method Reference Maffual more recent versioshould be used:;
projects with other sources selected may be flagged for further review. The modeled performance
curves may be verified by checking that, based on the simulation reports, the realized annual
average efficiency is similar to thated IEERf the unit Foralterations subject to 90.1 2022 Section
G3.3(i.e., Minor Alterationsjefer to the Notes section under Table 1a on the Proposed HVAC tab
for clarifications as to the performance curves modeled in the baseline design model.

AHVAC1zB,PModeled heating and cooling efficiency of the aiside systems reflect values
reported in the Compliance
Review Tips
1. Use simulation reports to spatheck that the modeled cooling and heating efficiencies is as
reported for selected aiside systems as follows:
a) CORicooling@and CORneaiing reported in the Compliance Form is aligned with the simulation
reports. The reported values are foundTiable 1a of the Proposed HV#Cthe proposed
systemsand in Tablda of the Budget HVAECB Baseline HVAC PRM &dbr

21 hitps://www.pnnl.gov/main/publications/external/technical reports/PNM6917.pdf
22 hitps://www.pnnl.gov/main/publications/external/technical reports/PNM6917.pdf
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budget/baseline system®efer tdrequest supplemenal documentation foralterations
subject to 90.1 2022 Section G3i#., Minor Alterationsjor modeled baseline values

b) Warmair furnaces may have efficiency expressed as the Annual Fuel Utilization Efficiency
(AFUE), thermal efficiency (Et) or combustion efficiency (Ec). The conversions below (from
the Performance Rating Method Reference Manual) may be used if the effidigout
supported by the simulation tool differs from the efficiency metric available from the
manufacturer for the specified equipment:

Et=0.0051427 x AFUE + 0.3989
Et=Ec 2%

The calculations is performed automatically for the baseline/budget systems and results are shown in
Table 1a of th&8udget HYAECB Baseline HVAC PRM tabs

ﬂ Easeline Efficiernguddaas Baseline Efficierncy Cooling ﬂ
B S e 7 '
Unitary Uritary
Madeled FullLaad Partlaad COPRfs Easiz of Madeled

Maodeled SusMame | Unitary EF. | EFE Units)|  Efficiency EFF. EFff. Units EFt. EFff. Units oaling Performance Cunves

. . . Perfarmance Fating
UL Szt Bl Eo T Er - - - - - Method Reference Manual

H TE or AFLE or . ~ _ Perfarmance Fating
PSE_Retsi a0 Et 80 Er 101 EER 352 Method Reference Marual

PTAC_Apts - - - a3 EER - - 288 |, Defermance Rating

Method Reference Manual

eQUEST Reportg SSP, SVA, PSE (heat pump supplement)
TraneTRACEOQO | Plant Information entered values report
Trane TRACE 30 System Component Summary report

Plus

IESVE SOFTWA| BPRM ReporiDetailed Simulation Report, Florida Energy Code Compliance
Report

EnergyPlus S dzadof ®KGYE W9IljdzA LIYSY i {dzYYl NBQ

OpenStudio S dzaldof ®KGYE W9ljdzA LIYSY i {dzYYl NBQ

Carrier HAPV5 |a! ANJ {28a0SY LyLdzi 5FdF¢ NBLRZ2NIAOD
Design Builder | Air-Side HVAC sheetifEED Minimum Energy Performance Calculator (.xlsm)

AHVACZPzB,PAnnual average realized DX cooling and heating system efficiencreflect

expected performance at the range of actual conditions

Review Tips

1. BackgroundThe average annual cooling efficiency is the ratio of the annual cooling load to the
annual cooling energy from the simulation output reports. It reflects the realized performance of the
modeled system. Most simulation tools used for compliance modelisgri®e cooling system
performance through the rated efficiency and performance curves that capture impact of part load,
indoor and outdoor temperatures and various other design, operational and site parameters on
system performance. The realzefficiency is typically different from the rated full load efficiency
and is similar to IEER (part load efficiency)
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2. The check should be performed when cooling is an impactful end use on the project or when heat
pumps account foa significanshare of heating capacity.

3. Calculate the realized efficiency based on the modeling results for a samplesifeagystems and

compare the result to the rated patbad efficiency. Systems with substantial difference between

modeled and rated part load efficiency should be flaggexver than expected realized efficiency

for the baseline/budget systems and higher than expected realized efficiency for the proposed

systems is of especial concern since it may be due to modeling discrepancies and lead to overly

optimistic compliance owpbmes.

Common Mistakes

a. Using inappropriate performance curves, such as software default performance curves instead
of the performance curves provided in the PRM RM.

b. Modeled heat pumps incorrectly account for performance degradation at low ambient
temperatures including the use of electric resistance heaa. eatingdominated climate, the
I 9SNF 3S NBIFEtAT SR KSI
rating at47°F andslightly overi K S Y | v dzF | QTrEENdbsithaiNdbaiate yh®lectric
resistance mode below 40 F, the average efficiency will be slightly higher than 1.

Fa example, absource heat pumps (ASHPSs) often operate in the heat pump mode only down to
35F and use electric resistance heating at the lower temperatures. Reviewers should request
equipment cut sheets documenting let@mperature performance of the spew@tl equipment,
becausdt has significant impact on heating energy asel should be reflected in the average
annual realized efficiency including heat pump supplem8ete sample aisource heat pump
specification below describing low temperature opéoat

— Heat Pump Reverse Cycle Heating Capacity (Btu)
Model No.!
Volitage®
Amps
Watts
o —Bu

208
30
550

= - 6200

230

2.6

570
6400

265

22

570
6400

208 230
3.6 3.2 26 5.1
730 740 740 1000

8000 8100 8100 10600

1 395 2 aa 1T ——

265 208 230
45
1020

10800

265
3.9
1020
10800

208

6.3
1380
13500

230
5.7

265
54
1390 1390
13300 13300
—28__ 28_
—28 |
180
1065

11&)
1065

—u
795 | 1055

— o

s e e T

—— 3z 380 400 400 | 510 520 520 |

e

175

oo

795

Notes:
1 I\II 265 voll mtxl l\ muxl use lnm S \ubl) ase or lr ane’s hard-wire |unt.|k)n bux kit

s 10 electric heat at 25°F outdoor coll temperature l
o v

D pt n(llnq up n 1 Illlvl humulilv Lnnmlmn\ lhl wlll occur al approx| Imn lv 35 degroes

LJdzY L) KSIFGAy3a SFFAOASYOe

eQUEST Reports

SSP

TraneTRACEOQOO

Equipment Energy Consumption report for the total equipment consumption
Building Cool/Heat Demand report from the Visualizer for the total loads

Trane TRACE 30
Plus

Site Consumption Summary for the consumption and Site Load Profile for thg
loads

IESVE SOFTWA

Plant Loops & Equipment Report, System Loads Report, BPRM Report, Detg
Simulation Report

EnergyPlus SLX dzadof dKGYE W! yydz f dzA t RAy 3 | (A
{dzo O 6 SA2NRQ aSOlAzy
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OpensStudio

SLX dzadof dKGYE W! yydz f
{dzo OF i S3a2NEQ aSOiAzy

CdZAft RAY3 | GA

Carrier HAPV5S |[da2y 0Kt & { AYdzZ I GA 2¢ideidR B\IC ysdtems. NBd A
G2GFrfa F2NJ aO022tAy3 SljdaAaLIYSYd f2FR

Design Builder | Air-Side HVAC sheetifEED Minimum Energy Performance Calculator (.xlsm)

AHVACBzB,P Average realized heatingfficiency of air-side systems reflect expected

performance.
Review Tips

1. BackgroundThe average heating system efficiency is the ratio of the annual heating load to the
annual heating energy use of the system, with both values taken from the simulation output

reports.

2. The check should be performed when heating is an impactful enddadeulate the realized
efficiency based on the modeling results for a sample efidie systems and compare the result to
the rated partload efficiency. Systems with substantial difference between modeled and rated part
load efficiency should be flaggddower than expected realized efficiency for the baseline/budget
systems and higher than expected realized efficiency for the proposed systems is of especial concern
since it may be due to modeling discrepancies and lead to overly optimistic compliamoenast

3. For warm air furnaces witAn AFUE rating, the average realized efficiency is expected to be similar
to AFUEFor other units, the average realized efficiency is expected to be about 5% below thermal
efficiency, based on the furnace part load efficiency curves included in the Performance Rating
Method Reference Manual. For example, if a unit is rated at Ec=80E4,+ E¢ 2% = 78% and the
average efficiency is expected to be ~ 73%. The average efficiencies exceeding the above estimates

should be flagged.

4. Efficiency degradation at part load is not prescribed in 90.1, but the average annual baseline
(budget) efficiency below 75% should be flagged in the review. Tdldbows efficiency
degradation based on the performance curves in the Performance Rating Method Reference
Manual. For example, furnace operates at 74% efficiency when the heating load is equal to the half

of its rated capacity.

Tablel4: Fossil Fuel Furnace Part Load Efficiency Degradation

% of Design Loa@bartioad Qrated

100%

90%

80%

70%

60%

50%

40%

30%| 25%

Realized Furnace Efficiency

80%

79%

78%

77%

76%

74%

73%

71%| 70%

5. Common mistakes

a) Modeling the baseline/budget systems as having continuously on pilot light.

eQUEST Reports | SSP, SVA, PSE (heat pump supplemeal for electric meters and pump & aux
column for fuel meterp

TraneTRACEOQOO | Equipment Energy Consumption report for the total equipment consumption
and Building Cool/Heat Demand report from the Visualizer for the total loads
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Trane TRACE 3D| Site Consumption Summary for the consumption and Site Load Profile for th
Plus loads
IESVE SOFTWAR Plant Loops & Equipment RepdB?RM Report, Detailed Simulation Report

EnergyPlus SLX dzadof dKGYE Wl yydzZ f . dzZAf RAy3 ! (A
{doOF §532NEQ a80GA2Y
OpenStudio SLX dzadof ®KGYE Wl yydzZ f . dzZAf RAy3 ! {A

{dzo OF G STI2NRQ aSOlAzy
Carrier HAPV5S |da2 y UKt & { AYdzZ I (A 2$ideidR H\WC Systems.NB LI2 N
ForfuelFANBR KSFGSNRY !&aS lyydzat G20l
Ay Lddzi ¢

For heat pumps: Use annual totals for heating equipment load, heating inpu
12KEX aadzlllxf e Flry 12Ked

Design Builder Air-Side HVAC sheetiiEED Minimum Energy Performance Calculator (.xlsm

AHVACL4-P Design supply, return, relid and exhaustEA ifldvdates reported in the

Compliance Formare as specifiedn the Design Documents

Review Tips

1. Design flow rate$or the specified supply, return, relief and exhaust fans are listed in Table 2a of the
Proposed HVAC talBrosscheck Compliance Form inputs witie information provided in the
mechanical schedules for a sample of specified systems to ensure alignment.

Supply Fan Ricliof{Ricturn Fan Exhaust Fan
Fan . v .
Operation, Total L2 " =
Dceupicd | Tokal Supply | Dutdoor Air Total
Hourz CFR CFR Total BHP | Mlotar EFF. Fan Flow Cantral k' Total CFM | Total BHP Motar EFf. Fan Flow Contral | kW CFm Total BHP Motar EFF. Fan Flow Cantrol J k'

Modeled System Name

Cor_Sys Continuous | 4,000 363 25 835% 208 4,000 15 B3.5% Constant vol lume 125

UH_Hw Cycling 1500 0 05 835%

Fetail_Syz Continucus| 14,500 5512 0.0 835% 534 f3.500 50 36.5% Constant vol lume 4.3

Ap_Tys Cyeling 45,000 o oo B2.0%

D0A3_Sys Cantinucusz| 6,400 6,400 50 835% a1 6,400 30 835% Canstant vl lume 25

The figure below illustrates how fan system performance is typically shown in the design documents.

pr—
- VFD
. MANUFACTURER/ UNIT
SYMBOL MODEL NUNESR LOCATION SIZE CFM ESP TSP SPEED Bhp MOTOR DATA [EEI'QZEJ
(NWG) I (INWG) i (RPM) HP | rPm [voLTs| PH i
NORTH . .
AHU-1 PENTHOUSE 318 17 8,000 20 458 2431 | 985| 50 800 | 208 3 YES
SOUTH y .\
AHU2 PENTHOUSE 302 30 15,000 20 4.89 3191 (1888| 75 800 | 208 3 YES

AHVAQ4zB Baseline/budget desigrfansflow rates reported in the Compliance Form are
established correctly

90.1 2016and 20192022 ECB

Section 115.2 g 12.5.2 g Design supply air rates for tHaudget building musbe based on a supphir-
to-room-air temperature difference of 20°F. If return or relief fans are specified iptbposed design
the budget building desigmust also have the same fan type sized for the budgstemsupply fan air
guantity less the minimunoutdoor air, or 90% of the supply fan air quantity, whichever is larger.
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90.1 2016and 2019

Section G3.1.2.8Design supply airflow rates must be based on a supiplp-room temperature

difference of 20°F or the minimum baseline ventilation rate, whichever is greater. If return or relief fans
are specified in th@roposed designthe baseline building desigmust also have fans serving the same
functions and sized for the baseliggstemsupply fan air quantity less the minimumatdoor air, or 90%

of the supply fan air quantity, whichever is larger

90.12022PRM
G3.2 New Construction/Major Alterations
SectionG3.2.2.7 Same as the requiremeifdr the 90.1 2016 and 201BPRMin Section G3.1.2.8

G3.3 Minor Alterations

The design supply air flowrates for systems included in the scope of retrofit for alteratibject to

90.1 2022Section G3.8i.e., Minor Alterations}hall be autosized using the sasgpply-air-to-room
temperature differenceas was used for sizing in the desagrthe minimum baseline ventilation rate
whichever is greateif this design sizingarameterinformation is unavailable, thenedign supply

airflow ratescan beautosizedbased on a supplgir-to-room temperature difference of 20°F or the

minimum baseline ventilation rate, whichever is greatéreturn or relief fans are specified in the

proposed design, the baseline building design must also have fans serving the same functions and sized
for the baseline system supply fan air quantity less the miniroutdoor air, or 90% of the supply fan

air quantity, whichever is larger

Review Tipg ECB
1. Design flow rate of the budget systems is reported in Table 2a dtidget HYAC ECB tab

Supply Fan Relief/Return Fan Exhaust Fan
2] 2] 7 2 2] H H 2] 2]
e ) Total BHP | Motor Eff. kw Total CFM | Total BHP | Motor Eff. | kW Total CFM | Total BHP |  Motor EFf. oW
ne Proposed)l Total Supply || Outdoor Air
Modeled Budget Sys Name|  System CFM CFM

Cor_Sys Cor_Sys 2,000 383 25 89.5% 2.08 1,800 15 B86.5% 129 o

Retail_sys Retail_Sys 5,500 5,812 457 89.5% 3.81 4,850 229 89.5% 191 )

2. Supply fan flow is a user input and must reflect the value determined thréhegsimulation.
Relief/return and exhaust flows asuto populatedin the Compliance Forrhased on the 90.1
requirements quoted above. Spoheck supply fan flow rates for a sample ofsiife systems
compared tatypical shev in Table 1%nd outliersshould beflagged.

Tablel5: Typical Supply Air Flow Ratés

Occupancy Type Supply Air CFM/SF
Apartment highrise 0.5¢0.8
Office buildings 0.8¢1.6

3. Common Mistakes
a) The causes fdmigherthan-expecteddesign flow rates are similar to those that lead to
exaggerated cooling loads describeddiHVAO5-B.

23 ASHRAE Pocket Guide for Air Conditioning, Heating, Ventilation, Refriger&igudliflon), 7 Edition
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b) Sizing flow based on supply air to room air temperature difference less than 20°F
exaggerates the flow.

c) ForAppendix Gexaggerated design flow rate may also be caused by applying the over
sizing factor in 90.1 Section G3.1.2.2 to design flows in addition to coil capacities, which is
incorrectg only coil capacities must be oversized.

Review Tipg PRM
1. Design flow rate of the baseline systems is reported in Tatbte the Baseline HVAC PRM t&tefer
to/request supplemental documentation falterations subject to 90.1 2022 Section G@.8.,
Minor Alterations)for modeled baseline value$he flows may be compared to typical shown in
Tablel5above.
2. Common Mistakes
a) Refer to common mistakdisted for this check undeECB.
b) Theexaggerated design flow rate may also be caused by applying thesiziteg factor in
90.1 Section G3.1.2.2 to design flows in addition to coil capacities, which is inapordgt
coil capacities must be oversized.

AHVAQS5-P Design supply, return, relid and exhaustfan power reported in the Compliance

Form isas specifiedin the design documents

Review Tips

1. Design power of the specified supply, return, relief and exhaust fans is listed in Table 2a of the
Proposed HVAC tab for all specified systems. &xtossk Compliance Form inputs with the
information provided in the mechanical schedules for a sample o$pleeified systems to ensure
alignment.

2. Common Mistakes

a) External static pressure (BS®used in lieu of the total static pressure (TSP). This significantly
underestimateghe proposed fan energy.

b) Only supply fan power is entered. Other specified fans such as return, exhaust and relief omitted
from the template.

¢) Indoor fans for split air source heat pump and variable refrigerant flow heat pump systems
SEOft dZRSR 2NJ AyO2NNBOGte&e SyiSNBR dzyRSNJ G KS a¢ SN
columns are for terminal units imulti-zonevariable air volume systems (i.e., VAV boxes).

AHVAC5-B Baselindbudget fan power reported in the Compliance Fom is established

correctly

90.1 2016and 20192022 ECB

Section 11.5.2 M12.5.2 h

BHP per CFM of supply air, including the effect of belt losses but excluding motor and motor drive losses
must be the same as thgroposed desigr up to the limit prescribed in 90.1 Section 6.5.3.1, whichever

is smaller. If this limit is reached, BHP of each fan must be proportionally reduced until the limit is met.
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Fan electrical power must be determined by dividing the calculated fan BHP by the minimum motor
efficiencyin 90.1 Section 10.4.1 for the appropriate motor size for each fan.

90.1 2016and 2019 PRM

Section G3.1.2.9

Thesection provides formulas for calculating the total combipesver of supply, return, exhausind

relief fans excluding fapoweredVAVboxes For Systems 88 and 12- 13, the baseline BHP allowance
provided in 90.1 Table G3.1.2.9 may be increased to account for certain design features included in the
proposed design. Common examptgshe allowed baseline pressure drop adjustments include

proposed systemwith MERYV 9 or higher air filters, sound attenuation devaresgducted returns (90.1

Table 6.5.3.22).

90.1 2022PRM
G3.2 New Construction/Major Alterations
Requirements are the same as foe 90.1 2016 and 2019 PRabove.

G3.3 Minor Alterations

Systems and equipment included in the scope of retrofit for alteratisaigject to 90.1 202%ection

G3.3(i.e., Minor Alterationsare required tobe modeked with baseline fan power as described above for
90.1 2016 and 2019/2022 E@@h the exception that when a proposed design includes energy

recovery, but it is not required in the baseline building design9@et Sections 6.1.4 an@l.5.6 the fan

power of the baseline system shall be equal to either the proposed design system or the fan power limit
in Section 6.5.3.1 calculated without fan power credit for energy recovery, whichever 8desBased

on the language in 90.1 Section 6.1.4, 9ettion 6.5.6 requirements would only be relevant to the
baseline when an alteration includesw cooling systems installed to serve previously uncooled spaces

Review Tipg 90.1ECB

1. Fan power for individual HVAC systems in the budget design is included in Table 2Buddbée
HVAC ECB taind is calculated automatically by applying the applicable 90.1 rules quoted above.
The total budget power by fan type is shown in Table 3. Since these values are auto populated in the

Compliance Form, they do not need to be checked.

ﬂ ﬂ J supply Fan i Fan Exhaust Fan
B ? 2] 2 2] 2 2| 2|
ez Fan = Total BHP | Motor Eff. kw Total CFM | Total BHP |Motor Eff. | kW Total CFM | Total BHP | Motor EFf. kw
ng Proposed | Operation Fan Speed Fan System | Total supply | Outdoor Air
Modeled Budget Sys Name|  System | Occ.Hours | Control Total BHP cFM CFM

Cor_Sys Cor_Sys | Continuous Two-speed a0 2,000 363 25 89.5% 208 1,800 15 86.5% 129 o

Retail_Sys Retail_Sys | Continuous Two-speed 6.36 5,500 5,812 457 89.5% 3.81 4,950 220 89.5% 191 2}

Review Tipg 90.1PRM

1. Refert090.1 2022SectionG3.3PerformanceCalculations for OtheAlterationsfor the location of
baseline fan power in the Compliance Fdomalterations subject to 90.1 2022 Section G3.3 (i.e.,
Minor alterations).

2. The allowed pressure drop adjustments for calculating the total baseline fan power allowance are
entered in Tabl@a of theBaseline HVAC PRM t&épotcheck sample systems to confirm that the
design flow rate CFMentered for each category includes only flow to the zones that include the
allowed device in the proposed design. For example, if in the proposed design sound attenuation is
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specified only for some of the zones, GFevitered in the sound attenuation column must include
only supply flow to these zones in the baseline design and not the total supply flow of the baseline
system. Spotcheck should focus on baseline systems with highgCFM

r5 s 7 T I E EE P ) T
> > >
. = Evhaust Fiers, VERV' | hERY 168 Grester & o E Sound | £ Sosem 2
b MERUS | 13 Garbon and Other Gas- Energy Reovery Ausnusti| 2 Laband Vivarium | Macha
Ret: et Eleatronically Enhanced Biosafety Cabinet Humidifiert SemingFume
through 12 through Phase firClesners — - 0 Deviee on Exhaust Systems cal
Exh. i Filters. Coanler Coil Hoods
Modeled Sys Name Fan Supply Cade whaust Air 15 Sections Coclingl
Cormrol | CFM, ezt o
B
CFmMd CFMd CFMd FOlinw.c] CFMd CFMd CFMd POlinw.c.] CFMd POlinw.c] CFMd PWDLET CFMd T«Dc[“; CFMd CFMd CFMd CFMd Ft CFMnme
UH_Stairs. =Y 1133
PSZ_Retail [ 14,441 441 £.000]
FTAC fipts Cy 55,126
35

Confirm thatall devices included in Table 2a for the baseline are also included in the Proposed HVAC
tab Table 3and the total CFiMare similar between the baseline and proposed design except for
energy recovery and ducted return as described in the Common Mistakes below.

e D AL YR = e draey S B e e e e e e TS 0 S culsie st s D G el e s Ghes s e e T B A 2 i e
Ducted | -
Modkled Systern | X281 er | Reumor | Exhaustfllers, ey g | Ry mitvoush | ERY BB SREETE T Copon ang oiher gas- o c dovic| YOS | o dteruation | TS
= U | oot ir | Serubbers, orsimilar | (TS 2 slecironically enhanced | P20 4 STET 25 iosafety cabinet nergy recovery device | humidifie St serving
recuired | * correl realments filters cooler coil hood
bucode | geyice
CFMd | CFMd | CFMd [POfnwe]  OFMd CFvd CFMd  [POfinwo] CFMd  |[POfinwe]  CFMd FOlnwe] | CFMd [ POlnwel | CFMd CFMd CF
CorSye *3 12
THW
Fetal_Ss 551 1z
FpLEys
O8E_Sys £ 12

3. The total asign power of the baseline supply, return, relief and exhaust fastsisnin the second
half of Table 2a of the Baseline HVAC App G. Thefttall fansis calculated by applyirthe
formulas in G3.1.2.9 to the usspecified supply flow rataccounting for theapplicable pressure
drop adjustmentgliscussed above, andafiocated tothe baseline supply, return, relief and exhaust
fans based on useantered values in the % of Total Fan Power columns for the corresponding fans.

Baseline Fan Power ﬂ
Fan Total Fan
Return/Relief Fan Terminal
Total BHP Motor | System Supply Fan Power Exhaust Fan Power N
Power Units
Eff. Power
Modeled Sys Name
] 2]
bhp % gy |PATTITED Kkw kw % Kw Kw
Fan % of Total Basis of Fan Part-
Power Fan Power Flow Power Curves
UH_Stairs 0.40 82.5% 0.36 100.0% 0.36 0% nfa
PSZ_Retail 15.26 91.0% 12.51 66.0% 8.26 34.0% 4.25 n/a
PTAC Apts 20.48 92.4% 16.54 80.4% 13.29 6.5% 1.08 13.1% 2.16 n/a

Optionally, crossheck usesspecified allocation of fan power between supply, return/relief and
exhaust fans for a sample of systems to verify consistency with how the fan power is allocated to
these fans in the proposed design.

4. Common Mistakefor the PRM (excluding alterations subject to 90.1 2022 G3.3)

a. CFMis enteredas abaseline systempressure drop adjustmenn Table 2dor systemghat
haveexhaust air energy recovery in the proposed design, but no exhaust air energy recovery in
the baseline Based oTable G3.1.2.9 Note, #he pressure drop credit may only be claimed
when thebaseline systerhas energy recovery

b. CFMis entered in Table 2a for the baseline systems that have ducted return in the proposed
design, but the ducted return is not required by applicable code. In these cases, baseline should
be assumed to have no ducted return.

c. Power of exhaust or DOAS fans specified in the proposed design is added to the baseline fan
power allowance determined followir@0.1 Section G3.1.2.0nstead, the baseline fan power
allowance is inclusive @il baseline fans.
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AHVAQG6-P Air flow and supply temperature controls reported in the Compliance Fornfior

the proposed designare as specified in the design documents

Review Tips

1. Air flow control method for each specified @ide HVAC system is reported in Table 1la of the
Proposed HVAC tab.

Supply Fan
Fan 2
Operation, 2
Occupied [WTotal Supply |Total Outdoor
Modeled System Name | Hours CFM Air CFM Total BHP | Motor Eff. | Fan Flow Control kW
Cor_Sys Continuous f| 4,000 363 25 89.5% Ratapisioe VoD 208
w/SP reset
UH_HW Cycling 1,500 [:} 05 89.5% SrEET A 0.42
cycling

Retail_Sys Continuous ff 14,500 5,812 100 89.5% Constant volume: 834

Additional details are included in Table 4 of the Proposed HVAC tab.

Air-side Controls
-] - -
Min.Vol.Set | Design
Points for VAV | Supply Air
Boxes, %of | Temp,'F
Peak (Cooling)

Modeled System Name _
Supply Air Temperature Control

Supply Air Temperature Control (Cooling) e ey

Cor_Sys 30.0% 55 Fixed (constant) 55F

Crosscheck Compliance Form inputs with the information provided in the mechanical schedules and
specifications for a sample of the specified systems to ensure alignment.

2. Refer to Table 2b for a birglye view of the specified fan systems and controls.

\ Table 2b: Fan System Design and Outdoor Air Flows, Power and Controls Summary

2 H
Fan Type Constant Volume Variable Flow Two-speed Constant Volume, Cycling

CFM kw kW/CFMs. CFM kw kW/CFMs. CFM kw kW/CFMs. CFm kw kW /CFMs.
Supply Fan (SF) 20,900 125 0.0006 4,000 208 0.00052 o o 0 48,500 951 0.00019
Relief/Return Fan (RF) 13,500 4.31 0.00021 4,000 125 0.00031 o o o o o o
Exhaust Fan (EF) 5,400 25 0.00012 o D o o o o o o o
Subtotal 40,800 18.32 o
Terminal Units Fan (TUFEZ774744: 1]
Total Vi 1932

AHVAQ6zB Baseline (budget) air flow and supply temperature control is established
correctly

90.1 2016and 20192022 ECB

Section 11.5.2/12.5.2: Supply and return/reliefystemfans shall be modeled as operating at least
whenever thespacesserved are occupied, except as specifically noted in 90.1 Table 11 Bliaimum
volume set points for VAV reheat boxes shall be 30% of zone peak airflow or the minimum ventilation
rate, whichever is larger (90.1 Table 11-%/22.5.2-1 Note b). Baseline supply, return, or relief fans in
Systems ¥ must be modeled assuming a variabfegeed drive and fan pafbad performance in 90.1
Section G3.1.3.163.23.150 4SS ¢l 0tS ¢ 06St2¢0d LF GKS LINPLR
level, static pressureet pointreset based on Section 6.5.3.2.3 must be modeled in the budget design.

Table 11.5.2; 1 Note b/ Table 2.5.2¢ 1 Note b The supply air temperature for cooling shall be reset
higher by 5°F under the minimum cooling load conditions for all budget VAV systems with reheat.
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90.1 2016and 2019 PRM

Table G3.1.3.15or baseline Systems 5 and 7, the minimum volume set pfuintéAV reheaboxes
must be 30% of zone peak airflow, the minimum outdoor airflow rate, or the airflow rate required to
comply with the applicable codes or accreditation standards, whichever is larger. The part load
performance of VAV system supply fans must have thielpad performance characteristics specified
in 90.1 Table G3.1.3.15. There is no static pressurpaat reset in the baseline.

Section G3.1.3.12Fhe air temperature for cooling shall besethigher by 5°F under the minimum
cooling load conditions for Systemg B.

90.12022 PRM

G3.2 New Construction/Major Alterations

Table G2.3.15and Section G3.2.3.12quirements are the same as for the analogous sectiotize
90.1 2016 and 2019 PRM as described above

G3.3 Minor Alterations

Systems and equipment included in the scope of retrofit for alteratisuigject t090.1 2022 G3.8.e.,
Minor Alterations)are required tomodelbaseline systems as minimally compliant vath1 Sectiors
6.5.3.2.1and any other relevant sections as applicable based on the requiremefits fection 6.1.4.

Review Tips

1. PRM Baseline flow and temperature controls for the baseline VAV systems is shown in Table 3a of
the Baseline HVAC PRM tdkhe values are set automatically based on the relevant 90.1 rules
guoted above and should only be checked if any guapulated defaults areverwritten. (Such
values will be shown in brown fonRefer to the Notes sections und&able 4on the Proposed
HVAC tab fobaseline modeling inputs falterations subject to 90.1 2022 Section G3.3 (i.e., Minor
alterations).

Air-side Contrals

Iin. Flow Set
Modeled Sys Mame Paints = . . " p Supply Air Temp.
[VAY reheat i SEtpOE;sa;ggA' Dsseiee Reset under Min.
buomes & Sus. CoalingLaad, F

m

UH_Stairs nla n'a nla

PSZ_Retal 30,05 nla Al et

FTAC_Apts nia nia nia
2. ECBFRan speed control of the budget HVAC systems is shown in Table 2aRidhet HVAC ECB
tab. Minimum flow setpoints in temperature reset under minimum cooling load conditions for VAV
systems are shown in Table 3. The values are set automatically based on the relevant 90.1 rules
guoted above and should only be checked if any guapulated defalts areoverwritten. (Such
values will be shown in brown font.)
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AHVAQ7-P Fan powerperformance curvesreported for the proposed design in the

Compliance Form arébased on an approved source

Review Tips

1. The modeled performance curves reflect correlation between energy used by the fan and flow rate
relative to the design maximum. The input applies only to the variable flow systems, and must be
providedin the last column of Table 2a of the Proposed HVAC Tale. default VAV performance
curves included in 90.1 Table G3.1.3(I&ble G3.2.3.15 in 90.1 2022)d the fan curves provided
in ANSI/ASHRAE/IES Standard 2016 Performance Rating Method Reference Manual, Table 50
should be used, depending on theesified flow control strategy.

2. The curves should be reviewed for a sample of HVAC systems if ventilation fans are an impactful end
use and performance curves other than 90.1 default are specified

3. Supporting documentation must be included in the submittal if the basis of the performance curves
Aad ALISOATASR | Refentotliediital Ghetkligt tatd/A tdScondirm thatthe
necessary documentationiiscluded in the submittal.

AHVAC7-B Fan powerperformance curves used in the simulation are based on an

approved source

Review Tips

1. The fan performance curves for VAV systems are specified in the last column of TBakeRae
HVAC PRM tatr Budget HVAC ECB taibd must be based on 90.1 Table G3.1.3TEble G3.2.3.15
in 90.1 2022)The values are aupopulated anddo notneed to be checked.

2. Refer to the Notes sections under Table 2a on the Proposed HVAC tabdetedbaseline fan
curves foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alteratitirt)e fan curves
differ from Table G3.2.3.16r thefan curves in th@ NNL PRM RM request documentation from the
submitter to justifythe modeledcurves.

AHVACBz B, PFan power, flow rate and controls are modeled as reported in the

Compliance Form

Review Tips

1. Spotcheck simulation reports to verify that the following simulation inputs reflect information
provided in the Compliance Form:

a. power of supply, exhaust, return and relief fans (Watt)
b. supply, exhaust, return and relief flow (CFM)
c. minimum flow fraction for representative thermal blocks

The review should focus on HVAC systems with large air flow.

eQUEST Reports | SSP,SVA, SSL,ERV Energy Recovery Sumniéoy projects with ERV)
TraneTRACEOO | Room Information entered values report for flows, System Information enter
values report for fan power

24 hitps://www.pnnl.gov/main/publications/external/technical reports/PNM6917.pdf
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Trane TRACE 3
Plus

D
Checksums for minimum flow

System Component Summary for fan power and flow rate, System Cooling

IESVE SOFTWAR

System Loads RepoBegtailed Simulation Reporgpace Loads & Ventilation
Report, Florida Energy Code Compliance Report

EnergyPlus

SLX dzadof ®KGYE W9ljdzA LIYSy (i

{dZY YT NE Q

OpensStudio

SLX dzadof ®KGYE W9ljdzA LIYSy (i

{dZY YT NE Q

Carrier HAP v5

G!' AN {2adGSY {ATAy3 {dzYYlI NBé =

A %2 V4

Design Builder

Air-Side HVAC sheetiiEED Minimum Energy Performance Calculator (.xl

sm

AHVACDzB, P Modeled peak demand of ventilation fans is generally consistent with
design fan power and control reported in the Compliance Form

Review Tips

1. Spotcheck simulation reports for a sample of HVAC systeittishigh air flowsn the proposed and
baseline/budget design to find the naroincident peak demand for the system fans. Compare the
simulated values to the estimates obtained as described below. Flag proposed systems with the
simulated norcoincident peak demand is lowdran estimated. Flag baseline/budget systems that
have simulated nowoincident peak demand that is higher than expected.

a. Fortheco

nstant volume systemthe peak demand is equal to the design fan kW.

b. Variable volume system fans often reach the maximum flow no greater than 70% of the design
CFM, drawing approximately 50% of the design paof¥ablel6).

These relationships may also be used to verify fan energy use patterns for the project as a whole, for

example to confirm that the fan power reported in TaBlkeof the Baseline HYAC PRM t@hown

below) or Tab

le 2b of thBudget HVAC ECB tialgenerally consistent with necoincident peak

demand reported in the Compliance Calculations tab Table 2 for both baseline/budget and proposed

designsRefer

t090.1 202SectionG3.3PerformanceCalculations for Othehlterationsfor the

location of baseline fan power in the Compliance Formaftarations subject to 90.1 2022 Section
G3.3 (i.e., Minor alterations).

Table 3b: Fan System Des:i

ign, Power and Controls Summary

Fan Type

Constant Volume Variable Volume

ﬂ

Proposed Design Baseline Design Proposed Design Baseline Design

CFM kw kW/CFMs CFM kW kW/CFMs CFM kW kW/CFMs CFM kW

kW/CFMs

Supply Fan (SF)

74,400 24.1 0.00032 23.47 0.00033

70,766

Relief/Return Fan (RF)

17,500 5.56 0.00007 12,997 5.13

Exhaust Fan (EF)

.

olo|o

0
0
0

olo|lo

X

6,400 2.5 0.00003

.

6,763 3.39

Subtotal

olo|o|o
olo|o|o

.
0.00045

98,300 32.16 0.00043 90,526 31.99 0

=}

Terminal Units Fan (TUF]

0

Total

.

32.16

-
.

0

\

eQUEST Report

SSH, S&

TraneTRACE
700

Equipment Energy Consumption report

Trane TRACE 3|
Plus

LEED Summary Section 1.6
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IESVE PRM Compliance Report, ECB Compliance Report, BPRM Report, Detailed

SOFTWARE Simulation ReportlIECC Compliance Rep@&ystem Loads Report, Energy Mode
Output Report

EnergyPlus SLX dzadof ®KGYE W9l dzA LIY Sy (i Déndmd EhdNBeQ
Components Summa®y NB L2 NI & ¢ KS dzaSNJ Y& yS§
to report out for a fan pump if several are present.

OpenStudio SLX dzadof ®KGYE W9l dzA LIY Sy (i Déndmd EhdNBeQ

Components Summafy NB L2 NI & ¢ KS dzaSNJ Y& yS§
to report out for a fan pump if several are present.

Carrier HAP v5

t SFEF1{ Fry 12 F2NJ/ !+ aeaidSY AYRADAR
report. Peak fan kW for VAV system individual fans must be derived by expo
Fdzft £ @S| NJ K2dzNI & aAydzZ FGA2y NBadz
option), andparsing in Excel to identify peak demand.

Design Builder

Fans Table in EnergyPlus Output Summary Document

AHVAQ0zB, P Modeled equivalent full load hours of the ventilation fans are as expected.

Review Tips

1. BackgroundThe EFLH of the fan system is the ratio of the fan energy use to fan peak denaand. If
project has only the constant volume systems that run continuously when building is occupied, the
fan EFLH will be slightly higher than the number of hours per year when the building is occupied,
accounting for the energy consumed by the cycling fans durimoccupied hours and system
runtime to bring the building to occupied temperatures in the morning.

2. Calculate EFLH for a for a sample of baseline/budget systems with high fan power reported in Table
2a of the Baseline HVARRMor Budget HVAECB tabgsee Table 3 on the Proposed HVAC tab and
the Notes section under the table faiterations subject to 90.1 2022 Section G&8y check for
the following patterns:

a. Part load performance of the baseline VAV systems are shown in the second row of Table 6
(Multizone VAV with VSD and fixed static pressure setpoint). If all baseline (budget) systems are
variable air volume, the average flow during occupied hours is tjypigbout 60% of the design
flow, with the fan system drawing ~41% of the design power based on Table 6. Thus, the EFLH
are expected to be ~ 41% of the number of occupied hours per year.

b. For the constant volume systems, EFLH are expected to be slightly higher than the total number
of hours building is occupied, since the baseline/budget systems must be modeled as running
continuously during occupied hours and cycle with load duringampied hours.

The baseline fan EFLH that exceed expectation should be flagged and may indicate incorrect
modeled fan system control.

Tablel6: Fraction of VAV Fan Power at Reduced FIBRM RM)
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% of Design Flow 100% | 90% | 80% | 70% | 60% | 50% | 40% | 30% | 25% | 20% | 10%
Multizone VAV with VSD and
fixed static pressure setpoint | 1.00 |0.83|0.68|0.54|0.41(0.30/0.21(0.13|0.10|0.07|0.03
Multi zone VAV with static

pressure reset 1.00 {0.75|0.55(0.39(0.27|0.18|0.12|0.09|0.07|0.06|0.05
Single zone VAV fan 1.00 {0.73|0.52|0.36(0.24|0.15|0.09|0.06 |0.05|0.04|0.03

c. Common Mistakes:
A Modeled minimum flow for VAV systems are higher than 30%
A Fans are modeled as running continuously instead of cycling with load durogcupied
hours.

3. Calculate EFLH forf@r a sample oproposedsystems with high fan power reported in Table 2a of
the Proposed HVAC tand check for the patterns described for the baseline/budget systems. The
proposed fan system EFLH that are lower than expected should be flagg®daon mistakes
include the following:

A Modeling fans that supply ventilation air as cycling with load instead of running continuously
during occupied hours results in significantly undstimate fan, heating and cooling energy
use.

eQUEST Reports SSP

TraneTRACEOQO | Equipment Energy Consumption report

Trane TRACE 30 LEED Summary Section 1.6

Plus

IESVE SOFTWA| PRM Compliance Report, ECB Compliance Report, BPRM RBgptain Loads

Report, Energy Model Output Report, Detailed Simulation Report

EnergyPlus SLIX dzaiof ®KGYE WOl dzA LIY Sy (i Adnda¥BdildingEUlity

Performance Summafy NB L2 NI @ ¢ KS dzaSNJ YI & y 8§

field to report out for a fan pump if several are present.

OpenStudio SLX dzadof ®KGYE W9l dzA LIY Sy (i Adnda¥BYildingEUSity,

Performance Summafy NB L2 NI @ ¢ KS dzaSNJ YI & y 8§

field to report out for a fan pump if several are present.

Carrier HAPV5 |[5S&aA3dy Cly 12ay a! AN {eaidsSy {AlAy13

RSAA3IY NBLRNIAYOD lyydzZ f FlLy 12K 7T

reports.

Design Builder | Air-Side HVAC sheetifEED Minimum Energy Performance Calculator (.xIsm)

AHVAQ1-P Air-side economizersreported in the Compliance Formare as specifiedn the

design documents

Review Tips

1. The specified economizer controls are reported in Table 4 of the Proposed HVAC talth€cfiss
the provided information with the design documents for a sample of HVAC sy&tesnsure
alignment.
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LS mizer
E |

?
Modeled System Section
Mame E izer T High-Limil§ | Req'd per E5.1
“““““““““ dpe Shutoff | 901 6517 | Exceptions,

IF Any

Fized dry-bulb [DE)

Cor_Sys termperature [T)

BB Yes

UH_Hw Mone nfa Mo

Fized dry-bulb [DE]
temperature [T)

Fietail_Sys 85 Yes

Apt_Sys Mone nta Mo

DO0AS_Sys Mone nta fes

2. The check should be completed where cooling is an impactful end use except in climate zones 0 and
1.

3. Projects without economizers are expected to have higher cooling energy use in fall, winter and
spring and higher simultaneous heating & cooling during these months.

AHVAQ1-B Air-side economizers reported in the Compliance Form for the

baseline/budget systems are established correctly

90.1 2016and 2019ECB

Section11.5.2(e)

Each system in the budget building must have the same economizer type (outdoor air or water) as the
corresponding system in the proposed design. If economizer is not specified in the proposed design, an
air-side economizer must be modeled in the budgetding where required in Section 6.5.1. For

example, in New York climate zones 4A, 5A, 6A economizers must be modeled for budget systems with
cooling capacity of 54 kBtu/hr or greater, unless exceptions apply. Theimiglshutoff must be

modeled per 90.Trable 11.5.2.

90.1 2022 ECB

Sectionl12.5.2(e)

Each system in the budget building must have assidie economizer modeled where required in

Section 6.5.based on the capacity establish in 12.5.1Qr example, in New York climate zones 4A, 5A,
6A economizers must be modeled for budget systésnatedoutside of the buildingvith cooling

capacity o33 kBtu/hr or greater, unless exceptions apply. The Higtit shutoff must be modeled per

90.1 Table 11.5:2.

90.1 2016and 2019 PRM

Section G3.1.2.62conomizers must not be included in baseline HVAC System 1,2,9 akid 10.
economizers must be included in baseline HVAC Systems 3 thraunghl&, 12and 13 (unless

exception t090.1 SectiorG3.1.2.6 apply), based on climate as specifitDid Table G3.1.2.6-or

example projects in New York climate zone 4A do not have an economizer in the baseline. Projects in
climate zone 5A and 6A must be modeled with an economizer in the baseline. Ecortugtidanit

shutoff temperature must benodeled per Table G3.1.2.7.

90.1 2022 PRM
G3.2 New Construction/Major Alterations
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Sectiors G3.2.2.5G3.2.2.6requirements are the same as ftire 90.1 2016 and 2019 PRM described
above

G3.3 Minor Alterations

Systems and equipment included in the scope of retrofit for alteratisaigject to 90.1 202%ection
G3.3(i.e., Minor Alterationsare required to model aair-side economizer where requirdmy Section

6.1.4 For examplefor a projectiocated in climate zone 4t which a ew cooling systensinstalled to

serve previously uncooled spatbe baseline requirements would be established according to 90.1
Section 6.1.4.2 which references all 90.1 Section 6 mandatory and prescriptive requirements including
90.1 Section 6.5.{Economizers)Because the projeas inclimate 4Aeconomizers must be modeled for
baselinesystems located outside of the building wéltooling capacity of 33 kBtu/hr greaterbased

on 90.1 Section 6.5rkquirements(unless exceptions applyThehightlimit shutoff for this example

would bemodeledbased on the minimum requirements associated véithl Table.5.1.1.3

Review Tips

1. Air-side economizers are shown in Table 3a of the Baseline RRAaNd in Table 3 of the Budget
HVACECHshown below). The values are atgopulated based on the applicable rulestioé ECBr
PRM Overwritten defaults are shown in brown font and should be verified by revieRefer to
90.1 2022SectionG3.3PerformanceCalculations for OtheAlterationsfor review tips foralterations
subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

Air-Side Economizer

Correspo —=| ;I

Modeled Eudget Sy= nding
Mame Proposed

System

Fegqdper | Applicable Section 6.5.1

a0l 6517 Etceptions, IF &ny Econamizer Type High-Limit Shutaff

Fized dry-bulb [DE]
termperature [T]

UH_Hw UH_Hw' Mo Maone

Cor_Sys Cor_Sys Yes TOA:7E

Retail_Sy=z Rietail_Sys| No E.5.1EHc. 3 None

AHVAC22P, AHVAC2B Air-side economizers in the baseline/budget and proposed design
Is modeled as reported in the Compliance Form

Review simulation reports to verify that aide economizer is modeled as reported in the Compliance
Form.

eQUEST Reports
TraneTRACFEO0O
Trane TRACE 3D Pluj
IESVE SOFTWARE
EnergyPlus
OpensStudio

Carrier HAP v5
Design Builder

TBD
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AHVAQ@3zP Designventilation rates reported in the Compliance Form are consistent with
the design documents

Review Tips
1. Outdoor air rates are reported in Table 2a of the Proposed HVAC tab-cbexssreported rates
with the design documents for a sample of specified systems to verify alignment.

Supply Fan

Fan >
Operation, Total &
Occupied |Total Supphfl Outdaor Air
Modeled System Name | Hours CEM CEM Total BHP | Motor Eff. | Fan Flow Control kw

Cor_Sys Continuous 4,000 363 25 89.5% Constant volume 208

UH_HW Cycling 1,500 0 0s 89.5%

Retail_Sys Continuous 14,500 5,812 100 895%

Apt_Sys Cyeling 48,000 o 100 82.0%

DOAS_Sys Continuous 6,400 6,400 5.0 89.5% Constant volume 217
—

AHVAQ@3zB Baseline/budget ventilation rates reported in the Compliance Form are
established correctly

90.1 2016ECB

90.1 Section 11.5.2:aMinimum outdoor air ventilatiorrates must be the same in thmudget building
designandproposed design

90.1 20192022 ECB
90.1 Section 11.5.2/d2.5.2 d Minimum outdoor air ventilationrates must be the same in tHeudget
building desigrand proposed desigmvith the following exceptions

1. When modeling demand control ventilation in the proposed design for spaces where demand control
ventilation is not required per Section 6.4.3.8.

2. Where the minimum outdoor air intake flow in the proposed design is provided in excess of the
amount required by Section 6.5.3675.3.8 the budgetbuilding design shall be modeled to reflect the
minimum amount required by Section 6.5.865.3.8

90.1 2016and 2019 PRM
90.1 Section G3.1.2.8%inimum ventilation system outdoor air intake flow must be the same for the
proposeddesign and baseline building design, with the following exceptions.

1. Baseline may have highé&Aflow compared to the proposed design if the following applies:
a) The poposed system has Demand Control Ventilation AND the outdoor air cajseitg than
or equal to 3000 cfm serving areas with an average design capacity of 100 people pef 4000 ft
less (90.1SectionG3.1.2.5 Exception 1).
b) The poposed system has zone air distribution effectiveness Ez > 1.0 based on AR&iRIaE
62.1 Table & (90.1SectionG3.1.2.5 Exception 1).

2. The baseline must have a lower OA flow compared to the proposed design if the specified
ventilation rate exceeds the minimum required by the applicable building code (90.1 Section
G3.1.2.5 Exception 3). Ventilation rates may also differ between the basaiohproposed design
for systems serving laboratory spaces (90.1 Section G3.1.2.5 Exception 4).
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90.1 2022 PRM
G3.2 New Construction/Major Alterations
90.1 Section G2.4: Requirements are the same tme 90.1 2016 and 2019 PRM described above

G3.3 Minor Alterations

Systems and equipment included in the scope of retrofit for alteratisaigject to 90.1 202%ection
G3.3shall be modeled the same in the baseline and proposed witlexioeptionof the following
scenarios:

1. The alteration includes new cooling systems installed to serve previously uncooled spaces. In this
casethe baseline shall be modeled as minimally compliant with Standard2822Section 6.5.3.8
with the same feature as the proposed design. Where the proposed design does not include one of
these features it is recommended that the baseline be modeled according to Standas2022 1
Section 6.5.3.8 option a with no more than 135% of the requir@édmum outdoor air rate modeled
in the baseline.

Standard 90.22022Section 6.5.3.8tates that the required minimum outdoor air rate is the larger
of the minimum outdoor air rate or the minimum exhaust air rate required by Standard 62.1,
Standard 62.2, Standard 170, or applicable codes or accreditation standards. The section also
requires that outdoor air ventilation systems comply with one of the following:

a. Design minimum system outdoor air provided shall not exceed 135% of the required minimum
outdoor air rate.

b. Dampers, ductwork, and controls shall be provided that allow the system to supply no more
than the required minimum outdoor air rate with a single-peitint adjustment.

c. The system includes exhaust air energy recovery complying with Section 6.5.6.1.

2. If the following conditions are met,
1.DCV is specified in the proposed design,

2.Standard 90.2022 Section 6.4.3.8 is applicable based on the scope of the alteration and the
requirements of 90.22022 Section 6.1.4, and

3. DCV is not required to be modeled in the baseline according to 90.1 Section 6.4.3.8

then ventilation air flow may differ between the baseline and proposed due to DCV. See the Design
Ventilation Rate: Demand Control Ventilation descriptor for the requirements of 6.4.3.8.

Review Tips 90.1ECB

1. Baseline ventilation rates are reported in Table 28o0flget HVAC ECB taihd is set to be equal to
the corresponding budget systef@verwritten defaults are shown in brown font and should be
verified by reviewer.
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Table 2a: Air-side HVAC: Fan System Power and Efficiency

Instructions

1. The table helps determine the total budget HVAC system fan power that must be modeled, and allocates it to the sug
2. The total CFM entered into the table must be based on the annual simulation and transferred from the simulation reg
3. Fan power in the budget model must be as shown in this table

2 2 H Supply |
E 2| ?
Correspondi Fan Total Totaﬁ

Modeled Budget Sys  |ng Proposed, Operation Fan Speed Fan System | Total Supply || Outdoor Air

MName System Occ. Hours Control Total BHP CFM CFM

Cor Sys B Cor Sys | Continuous | Two-speed 4.0 4,000 363 2.5
UH_HW_B UH_HW Cycling | Single-speed 0.5 1,500 1] 0.5
Retail_Sys_B Retail_Sys | Continuous | Two-speed 15.0 14,500 5,812 104
Apt Sys B Apt Sys Cycling | Single-speed 10.0 48,000 0 10.(

> = Proposed HVAC Budget HVAC ECB Service Water Heating Plug, Process and Other Loads Rer

Review Tips 90.1PRM

1. Refert090.1 2022SectionG3.3PerformanceCalculations for OtheAlterationsfor review tips for
alterations subject to 90.1 2022 Section G3.3

2. Baseline ventilation rates are reported in Table 38a$eline HYAC PRM ta&wor each baseline
system, the modeled ventilation rate must be provided and it must be stated whether that
ventilation rate is equal to the ventilation provided to the corresponding HVAC zones in the
proposed design (which is the default selection) oethter it deviates from the proposed design
due to exceptions to G3.1.2(63.2.2.4

Fan Air Flow

2]
Modeled Sys Name | Design | Minimum | \ethod Used to Establish

Supply | Qutdoor OA CFM [G3.1.2.5)
CEM | ir (o)

CFM
. Lower than Proposed
UH_Stairs 1139 2 (G3.1.2.5 Exception 3)
. Higher than Proposed
PSZ_Retail 14,441 — (G3.1.2.5 Exception 2)
PTAC_Apts 55,126 b, /B3 Equal to Proposed

3. Table 3kshows sideby-side the total OA rate reported in the Compliance Form for the baseline and
proposed design. Confirm consistency between Table 3a are 3b. For example, if Table 3a indicates
GKIG GKS GSYGAtlGAzy NIGS AWt 62 ODNEKEAYRE S28EKS)
proposed rates are expected to be the same in Table 3b.
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a)

Supply CFM, OA CFM
Fan Flow Control
an Hlow Lentre Proposed Design Baseline Design Proposed Design Baseline Design
Constant 74,400 70,766
Variable Volume 0 0
Total 74,400 70,766 12,575 12,875

Common Mistakes

It is not uncommon for specified ventilation rates to exceed the minimum required. In this case, the
baseline ventilation would be lower than what is specified in the propakeesign but this penalty is
often not modeled. For examplbased on the NYS Mechanical Catie,minimum ventilation rate

in the corridors of apartment buildings is 0.06 CF¥I/If the specified ventilation exceeds this
minimum, the ventilation rate in the baseline design must be modeled as 0.06fCF¥#ntilation

in the proposedlesign must be as specified and will be higher than in the baseline.

AHVAQR4zP Demand control ventilation reported in the Compliance Forrfor the proposed
designis consistent with the design documents
Review Tips

1.

Demand control ventilation (DCigyreported in Table 4 of the Proposed HVAC tab. Gecbesk
information provided in the tablevith the design documents for a sample of specified systems to
verify alignment.

Demand Control Ventilation (DCV) Exhaust Air Energy Recovery

Design Occ. Dev . Vernil ]
- ion entila-
Modeled System Nam Densityfor | Required? Py Enthalpy | o Req'd per CesrEEan
DCV Specified? Ventilation, (90.1 - System Type DA CFM Exhaust CFM | Recovery = 90.1 Section N -
y Exceptions, I y Operates < Exceptions, I Any
[people per | Section an Ratio % Fropyre | 5617
1000 ft] 64.3.8) g :

Cor_Sys 363 363 75.0%

m
o

3

R
]

UH_HW

Retail_Sys 5,812 4,812 75.0%

m

z|z|z|=2
g | 8 5 5

32
B

Apt_Sys

z|z |3 |=2|=

£\ 8|0 8|8
&

= = 3 3 =

2z =z =z|=

| 8|8 8|3

25 No 6438 Exc 1 6,400 6,400 75.0%

T
8zl =z |5x 2|5z
@ i i

DOAS_Sys

m
o
S oo
o E
n

AHVAC2%P Demand control ventilation reported in the Compliance Form for the proposed
design meets mandatory requirements in 90.1 Section 6
Review Tips

1.

Demand control ventilation may be required by 90.1 SectidtB8. These requirements are
mandatory and thus DCV must be specified for systems where it is required. The applicability of the
requirements are established automatically in Table 4 of the Proposed HVAC tab based on user
entered design and OA flow rateachoccupant density. The default may be cwaitten by user if
exceptions to 90.1 Section4s3.8 apply. The ovewritten values are shown in bold brown font and
applicableexceptionanust be isted. Verify that DCV is specified where required.
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Table 4: Air-side HVAC - Economizer, Demand Control Ventilation, Exhaust Air Energy Recovery and Controls

Instructions

1. The table includes a row for each air-side HVAC system entered in Table 1.

2. The ancillary features and controls of the specified HVAC systems described in this table must be reflected in the proposed design model.

Freeze Panes
Air-Side Economizer Demand Control Ventilation (DCV)
ﬂ Prescriptive Requirements| ﬂ Min. Floor Area ﬂ
o .
per90.1 6.5.1 ez B TrEmEEn fta2 I," \:hltl:: S
Modeled System Name L ? ﬂ Density for P DCV is Req X ion
High-Limit Req'd per per 6.4.3.8. 6.4.3.8

Economizer Type DCV Specified? Ventilation, Airflow

Shutoff P late ly| Excepti
we L B [people/1000  Component, ( Dl;': a::;n ¥ c"?pA o
(Assumes | Exceptions . after ny
cfm1000 ft°]
Outside to6.5.1, If ! [y ! columns are
Location) Any filled out.)

Fixed dry-bulb (DB)

Cor_8ys 65 Yes No 5 0 Not Required Re
- temperature (T)

UH_HW None n/a No No 5 0 Not Required

’ Fixed dry-bulb (DB)
Retail_Sys 65 Yes Yes 15 113 800 Re
- temperature (T)

Apt_Sys None n/a No No 10 0 Not Required

DOAS_Sys None nfa Yes No 10 0 Not Required Re

Applicable drawing plans/spec reference(s) for populating Table 4/M-104

Rlntae

Z = Interior Lighting Counts Interior Lighting Summary Exterior Lighting Ventilation - Multifamily Proposed HVAC Baseline HVAC PRM Service Water Heat

AHVAQ@5zB Demand control ventilation reported in the Compliance Form for the
baseline/budget design is established correctly.

90.1 20162019, and 2022ECB
SeeAHVAC28Bfor relevant 90.1sections.

90.1 20162019, and 2022PRM
See AHVACZ2B for relevant 90.1 sections.

Review Tips

1. Demand Control Ventilation requirements applicable to each baseline/budget HVAC system
shown in Table 3 dudget HVAC ECB tabTable 3a of th®aseline HVYAC PRM tdthe values are
auto-populated in the Compliance Form based on es@cified maximum occupant density.
Overwritten defaults should be reviewed to verify that the exception referenced in the Compliance
Form is properly appliedRefer t090.1 2022SectionG3.3PerformanceCalculations for Other
Alterationsfor review tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

AHVACZ®Bz B, P Ventilation rate and control are modeled as reported in the Compliance

Form

Review Tips

2. Spotcheck a sample of agide HVAC systems to confirm that the minimum design ventilation rate
CFM and DCV controls are modeled as reported in the Compliance Form for the corresponding
systems.
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eQUEST Reports| Request screenshot of DCV model inputs for a sample of system.
TraneTRACEOO | Room Information entered values report for ventilation rate, System Informa
entered values report for ventilation controls

Trane TRACE 3D| Outside Air and ASHRAE 62.1 Analysis report

Plus
IESVE SOFTWAH Space Loads & Ventilation RepgkEHRAE 62.1 RepdBystem Loads Report,
Detailed Simulation Report, Florida Energy Code Compliance Report

EnergyPlus S LJ dza ( Stdndard B2 Surimaly NB L2 NI = Wwn2y S =+ S
W{edadsSYy +£SydAatldAaz2y tINFIYSGSNBRQ &8
OpenStudio S LJ dza ( Stdndard B2 Surimaly NB L2 NI = Wwn2y S =+ S
W{edaGSYy xSyidAatl A2y tIFINYYSGSNEQ S

4

<

a
Carrier HAPV5 |[Ly LJzii 51F G1FY G! ANJ {@adSyYy LyLdzi 51
{ dzY Yl NB ¢ NBLR NI o
Design Builder Air-Side HVAC sheetiieED Minimum Energy Performance Calculator (.xIlsm

AHVAQ7zP Exhaust air energy recoveryreported in the Compliance Form reflects design

documents

Review Tips

1. Exhaust air energy recovery is reported in Table 4 of the Proposed HVAC taltheabss
information provided in the table with the design documents for a sample of specified systems to
verify alignment.

Exhaust Air Energy Recovery

Modeled System Name Enthalpy (_E"S' @ JReq'd per90.1 cection 65,61
..... ection 6.5.6.
System Type OA CFM Exhaust CFM | Recovery 4

— Section e O
<
Ratio % e xceptions, If Any

6.5.6.17

Cor_Sys o 363 363 75.0% No No

UH_HW None 0 0 Yes No

Retail_Sys 5,812 4,812 75.0% Yes No

AHVAQ7zB Exhaust air energy recovery reported in the Compliance Form for the
budget/baseline design is established correctly

90.1 2016and 20192022 ECB

Section 11.5.2 d12.5.2 ¢ Exhaust air heat recovery must be included inlleget building systemis
required by 90.1 Section 6.5.6.1. For examfde90.1 2019 and 2022 project] systemsn climate
zones 4A, 5A, 6dperating 8000 or more hours per yegserving nontransient dwelling unitajith 200
CFM or greater supply CFM, and a % outdoor air fraction of 10% or gneadéehave energy recovery
modeled in the budget design mod@®0.1 Sectior6.5.6.12), unless exceptions apply.

90.1 2016and 2019 PRM

Section G3.1.2.10ndividual fansystemghat have design supply air capacity gd@ cfm or greater

AND a minimum desigoutdoor airsupply of 70% or greater must have emergyrecoverysystemwith

at least 50% enthalpy recovery ratio. 50% enthalpy recovery ratio means a change in the enthalpy of the
outdoor air supply equal to 50% of the difference between the outdoor air and return air at design
conditions. The most common exception to thi¢erapplies to projects where the largest exhaust
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source is less than 75% of the design outdoor airflow anddbatothave exhaust air energy recovery

in the proposed desig(®0.1 Section G3.1.2.10 ExceptionAt) example of such configuration includes
rooftop units supplying ventilation in multifamily buildings, with exhaust from apartment kitchens and
bathrooms via multiple rooftop exhaust fans that serve vertical stacks of apartments.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Section G2.2.9: Requirements are similar to the 90.1 2016 and 2019 PRM requirements described
above except an exception was added fgstems serving laboratory HVAC zones with a total laboratory
exhaust volume greater than 15,000 cfithese systems are not required to model exhaust air energy
recovery in the baseline design model.

G3.3 Minor Alterations

The systems and equipment included in the scope of retrofit for alterasabgect to 90.122022 Section
G3.3 are required to model exhaust air energy recovery in the baseline rifiiddeiminimally required
based on 90.5ection6.5.6andif 90.1 Sectiorb.5.6applies to the alteratiobased on the language in
90.1Section 6.1.4Based on the language in 90.1 Section 6.1.4, 90.1 Section 6.5.6 requiremoeitds
only be applicable to the baseline when the alteration includes nooling systems installed to serve
previously uncooled spaces

Review Tips

1. Exhaust air energy recovery that must be modeled in the budget/baseline systehwiin in Table
3 of theBudget HVAC ECB tabTable 3a of th®&aseline HYAC PRM tdthe values arauto
populatedbased on the applicable rules thie Energy Cost Budget and Performance Rating
Methods Overwritten defaults should be verifiedefer t090.1 2022SectionG3.3Performance
Calculations for Othehlterationsfor review tips foralterations subject to 90.1 2022 Section G3.3
(i.e., Minor alterations).

AHVACBzB, P Modeled exhaust air energy recovery is as report@dthe Compliance Form

Review Tips

1. Spotcheck a sample of HVAC systems with the highest ventilation flow to confirm that the exhaust
energy recovery is modeled as reported in the Compliance fariuding the following:

A system type (e.g. enthalpy wheel, runaround coil, heat exchanger)

A rated recovery effectiveness

A supply and exhaust flow through the energy recovery device

A controls (e.g. to allow economizer operation when appropriate)

A added static pressure drop

2. Common mistakes:

a. Increased static pressure drop (and increased fan energy) and parasitic losses such as energy to
operate recovery wheel and to provide defrost is not included in the proposed design model,
exaggerating the benefit of energy recovery.

b. Modeled outdoor and exhaust air flow CFM passing through energy recovery device does not
reflect design documents.
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eQUEST Reporty ERV Energy Recovery Summary
TraneTRACEOO | System Information entered values report for type, effectiveness, coniruds
added static pressure drop, System Checksums report for flow rates
Trane TRACE 3D| NA
Plus
IESVE SOFTWAR System Loads Report, Energy Model Output Report, PRM Compliance Rep
ECB Compliance Report, BPRM Report, Detailed Simulation Report
EnergyPlus SLX dzA ot oKGYE W/ 2YLRYySYyd {ATAy3 {c
| SFG9EOKI YISNY! ANX 2! A NYysfed ihforina@tionSmtefek
values report for type, effectiveness, controls and added static pressure dro
OpenStudio SLX dzAGoft oKGYE W/ 2YLRYySyd {ATAy3 {c
| SFGOEOKI YISNY! ANX 2! A NYysfed ihforina@tionSmtefek
values report for type, effectiveness, controls and added static pressure dro
Carrier HAPVS |9y SNH& wSO2@SNER 51 GFY a! AN {eaidSy
{ATAY3 {dzYYINB¢ a2aGSY RSaAday NBLH
Design Builder Air-Side HVAC sheet in LEED Minimum Energy Performance Calculator (.xl

AHVAQ9zP Additional HVAC efficiency measures reported in the Compliance Form are
allowed for trade-off and reflect design documents
Review Tips
1. Additional HVAC Efficiency Measures inputs at the bottom of the Proposed HVAC tab may describe
additional system and components affecting HVAC energy use of the proposed design but not
covered elsewhere in the Compliance Form, sucthesnal energystorageandventilated facade.
The following must be listeaf each measure
a) The key system parameters
b) Anexplanation of the source of expected savings
c) Whether the measure was modeled explicitly in the simulation tool or through exceptional
calculations.
2. Verifythe following for each listed system and component:
a) Thereportedmeasure involves systems and componearsallowed for tradeoffs
b) That the key reported efficiency parameters reflect design documents and manufacturer
literature
c) The exceptional calculatianaresubmitted as applicabland are based on peeeviewed
YSGK2R& YR y2i LINELINR S (chedkB in SBAR@IORI A (22f & ®
Calculations (EC) group.

AHVAQGO-P Additional HVAC efficiency measures were modeled for the proposed design as
described in the Compliance Form

Review Tips

Review simulation input/output reports to confirm that additional HVAC efficiency measures reported
for the proposed design in the Compliance Form are supported by the simulation tool and were
modeled explicitly. Systems and components that are not eXglgipported must be reported as
exceptional calculations method.
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AHVAC3%B,P Modeled monthly patterns of heating and cooling loads are as expected with
no excessive simultaneous heating and cooling

Review Tips

1. Background

Typical single zone systems such as Appendix G Baseline SysRAC or System¢3SZ operate

either in heating or cooling mode, thus no simultaneous heating and cooling is expected on system level.
In models with only single zone systems, such appeAdix G baseline for a multifamily building, only a
minimal simultaneous heating and cooling is expected on building ¢deelexample, on a mild spring

day, PTACs in the Wesicing apartments may operate in cooling mode, while PTACSs in ity
apartments may operate in heating mode.

Typical multizone systems such as Appendix G Baseline System 5 and 7 have some simultaneous heating
and cooling on system level as well as building level due to reheat, however it is expected to be low due

to requirements in 90. Appendix G that limit reheat in the baseline (e.g., requiring a supply air

temperature reset to be modeled in the baselifog systems 5 through 8 and 11)

2. Check monthly pattern of heating and cooling energy use ogidér system level and building level
to confirm that patterns are as expected. Excessive simultaneous heating and cooling is often the
reason for heating/cooling energy use exceeding typicaédaon the benchmarks

3. Common Mistakes

a. Section G3.1.1 Exception®3.2.1.2a in 90.1 202@)as not followed, whiclmaylead toone
zone having significantly higher cooling load than the rest of the zones served by the same
baseline VAV system, leading to excessive reheat to prevent overcooling of those other zones.

b. Temperature reset required in 90.1 Section G3.1.332.2.3.12 in 90.1 2028PRM) and 90.1
Table 11.5.21 Note b(Table 12.5.141 in 90.1 2022{ECB) was not properly modeled.

c. Supply temperatureresetrequired during periods of low cooling loads not modeled resulting
in excessive reheat.

d. VAV minimum flow setpoint was not modeled as required in 90.1 Section G3.{GB133.13
in 90.1 2022JPRM) and 90.1 Table 11.5.2Note b(Table 12.5.41 in 90.1 2022JECB).

e. Minimum flow fraction was not modeled correctly on VAV systems. For exathpl€FMit?
minimum flowmay be modelednstead of 30% of the zone peak as requif@dAppendix G
baseline VAV systems

f. Economizer was not modeled where required.

eQUEST Reports | SSC; S (summer heating load exceeds 20% of winter heating load; SS
TraneTRACEOQOO | Building Cool/Heat Demand report from the Visualizer

Trane TRACE 3D| Site Load Profile report

Plus
IESVE SOFTWAR Energy Model Output Report, PRM Compliance Report, ECB Compliance R
BPRM Report, Detailed Simulation Report

EnergyPlus S LY dza ( BUILDIK@G ENERGY PERFORMANGES LJ2 NIi @ wS ]
request Output:Table:Monthly report.
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OpensStudio

S L) dza (i BUILDIKG ENERGY PERFORMANGES LJ2 NI & wS |
request Output:Table:Monthly report.

Carrier HAP v5

" dAftRAY3 {5085t RIGIY Gaz2ydKte 9ySH
LYRADGARdZ f a&aiSy S90St RIGIY a2y

Design Builder

Air-Side HVAC sheet in LEED Minimum Energy Performance Calculator (.xI
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Waterside HVAQWHVAC)

Overview

This group of checks covers watdde HVAC systems including chiller and boiler type, capacity
efficiency and controls, chilled and hot water loop pumps and contaoig,heat rejection. In addition,
there are several checks to verify general consistency between simulation inputs and outputs, such as
that when pumps are reported for the baseline/budget or proposed design, simulation results show
pump energy use; that dlectric resistance heating is reported in the compliance form, simulation
results showheating energy use for electricity, et¢able 1/ ummarizes the checks included in this
group.

The following strategies may be used to prioritize the review:
1. Checks should focus on watside systems with the highest heating or cooling capacity and
spotchecking the rest.
2. 90.1 Section 6 has mandatory minimums for heating and cooling system efficiencies and
ventilation controls. Checks verifying mandatory requirements should be completed where
applicable.
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Table22: Water-side HVAC Quality Contr@hecks Overview

Baseline/Budget
Type of Check Proposed Design Design
WHVACO®P chiller),
. . WHVACO4(loop T),
CF inputs reflect design documents WHVACO® (pump). NA
WHVACL1P(ht rej)
WHVACOB (hiller),
: . WHVACO04B(loop T),
CF inputs reflect requirements BCB/PRM NA WHVACO® (pump)
Chiller WHVAC1@B(ht rej)
Plant Meet mandatory requirements WHVACOP chiller)
WHVACOZP ¢hillen, | WHVACO3B (hillen,
WHVACO08(loop T), | WHVACO®B(loop T),
Simulation inputs consistent with CF WHVACOP (pump), | WHVACOB (pump),
WHVACO® (loop flw), | WHVACOB(loop flw),
WHVAC1P(ht re)) WHVAC1B(ht rej)
. : : . WHVACO® ¢hillen, | WHVACO3®B (hillen,
Simulation outputs consistent with CF WHVACO® (pump) WHVACOSB(pump)
WHVAC12 poiler),
CF inputs reflect design documents WHVAC1% (loop T), NA
WHVAC1gP(pump)
: . WHVAC1:B poiler),
CF inputs reflect requirements BCB/PRM NA WHVAC18 (loop T)
Meet mandatory requirements WHVAC1:P poiler) NA
Boiler WHVAC1® poiler), | WHVACLS poiler),
WHVAC18B (loop T),
Plant . o . . WHVAC1& (loop T),
Simulation inputs consistent with CF WHVAC18B(pump),
WHVACIEP(pump), |\ /A c1ep(loo
WHVAC16P (loop flow) P
flow)
WHVAC14# poiler), WHVAC14 poiler),
. . . . WHVAC2® (pump), | WHVAC2@B (pump),
Simulation outputs consistent with CF WHVAC2P (pump). WHVAC2B(pump)
WHVAC2P(h.energy) | WHVAC2:B(h.energy
LEGEND
PASS/FAIL/NAutcome is determined automatically in tii@uality Control Checks tab of ti@®mpliance Forn

WHVA®1-P Proposedchillers reported in the Compliance Form reflect design documents
and meetthe minimum efficiency requirements.

Review Tips

1. Specified hillers are reported in Table 6a of the Proposed HVAC tab.
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2. Verify that chiller type, quantity, capacity and rated full and part load efficiency listed in the table
reflect design documents. A reference to the place in the design documents where the reported
information is found must be listed in a dedicated fiblelow the table

Chiller
? ? ?
Ding Efficiency Units g - g
Fullload | PartLoad Efficiency |  ASHRAE 901 CEIREERA
e 1LY Minimum Efficiency |Minimum Efficiency
3,16) Full Load Path Part Load Path
A/Path B A/Path B
Cc_1,cCc2 CP1 Screw Air-cool led 2 110 EER 10.5 13.8 10.100/9.700 13.700/15.800 CHW_Loop 90.1 2022 Appendix J

Modeled Plant
System Number of | Total Capacity

Name Chiller Type | Condenser Type i Ass.CHW Loop |Basis of Modeled Performance Curves|
S Chillers (ton)

3. Verify that efficiency of the specified chillers meets the minimum required in 90.1 Tableither

tFOdK ! 2NJtlFOK . ® ¢KS FLILX AOFoftS NBIdZANBYSyda

meet the requirements of either Path A or Path B, or if the default minimum requirements are over
written, the submittal must be flagged. These requirerteare mandatory and must be met.
4. Variations in chiller performancat a range of operating conditior@se typically simulatedising
performance curvesThe basis of performance curves may include the following:
a) 90.1 2022 Appendix J Tabi& Jfor 90.1 202projects where partload performance of
chillers in the proposed design is not availa®lel 2022 Appendix J Tab# durves must
be used)
b) PNNL Performance Rating Method Reference Manual
c) Qustom curves based on chiller performance data from the equipment manufacturer
If custom curves are used, confirm that supporting information is included in the submittal as
required (Submittal Checklist #19). The provided curves may be directly reviewed. Alternatively, the
annual average achieved chillefficiencymay beverifiedto confirm general alignment with the
rated part loadefficiency (se&VHVACOB Reviever may also request that the default performance
curves from90.1 2022 Appendix J Tabt& dr the PNNL Performance Rating Method Reference
Manual for the specified chiller typsre used

WHVACOZXB Properties of the kaseline/budget chillers reported in the Compliance Form

are established correctly

90.1 2016and 2019/2022 ECB

Table 11.5.21/12.5.2-1 Note e The chiller plant obudget Systems 1, 2, 5 and 7 must be modeled with
chiller quantity based offable 11.5.2/12.5.2-2 and chiller type based ohable 11.5.283/12.5.2-3. If

the proposeddesign includes both electric and fossil fuel chillers, the budget building design must have
chillers with the same fuel types and capacity allocation between electric and fossil fuel. If the proposed
design uses purchased chilled water, the chillers &haoat be explicitly modeled in theuldget design

and chilledwater costs shall be as determinedSection 11.4.32.4.3. Budget billers efficiency must

be based on Table 6.83L.Path A11.5.2b/12.5.2 h.

New in 90.1 2022 Section 12.5.2b the 90.1 Standard now prescthibethe sets of performance curves
specified iB0.1Appendix J TablelJshould be used to represent paidad performance of chillers in
the budgetbuilding design.
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90.1 2016and 2019 PRM

SectionG3.1.3.7Baseline Systems 7, 8, 112, and 13 must be modeled with electric chillers, except for
projects that use purchased chilled wat&egtions G3.1.1.32ndG3.1.1.3.3 The number of chillers,
chiller type and efficiency must be established based on the bagatiakcooling load aslescribed in
Tables G3.1.3.@ndG3.5.3

90.1 2022 PRM

G3.2 New Construction/Major Alterations

SectionG32.3.7 requirements aresimilar to the requirement described above thie 90.1 2016 and
2019 PRMexcept thatG3.2.2.1 now prescrilsghat the sets of performance curves specified in
Appendix J Table2lshould be used to represent pddad performance of chillers in the baseline
building design.

G3.3 Minor Alterations

The systems and equipment included in the scope of retrofit for alterasabgect to 901 2022Section
G3.3are required to modethe chiller type and quantityhe same in the baseline and proposed. In
addition, baseline systems shall meet the requirements in Section 6.1.4 and chilleraebizthe

efficiency requirement#n Table 6.8.83 using Path A or Path B, the same as the proposed design. If the
proposed desigmeets both Path A and Path B requirements, Path A shall be Tkedaseline
performarce curves can be modeled with thets of performance curves specified in 90.1 Appendix J
Table dl to represent partload performance of chillers in tHeaselinebuilding design.

Review Tipg PRM

1. Refert090.1 2022SectionG3.3PerformanceCalculations for OtheAlterationsfor review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. Baseline chillers are shown in Table 4stloe Baseline HYAC PRM tdlser inputs are limited to the
building peak cooling loaahd the basis of the modeled performance curves. The rest of the fields
are autepopulated based on the applicable Appendix G rules and aresdiable.

3. Verify that the entered building peak cooling load reflects simulation results for the basatidel.

4. Verify that PNNL Performance Rating Method Reference Manual (PRM RM) is selected as the basis

for baseline performance curves, for 90.1 2022 projectshe performance curves specified90.1
2022 Appendix Jable 2.

? Chiller
Buildin
) . e Part Load g
Cooling Plant Coincident ) Full Load . )
) ) Chiller Number of . Efficiency, Basis of Modeled
Designation Peak Condenser Type : Efficiency, FL
i Type Chillers IPLV.IP Performance Curves
Cooling [kw//ton]
[kW/ton]
Load (Ton)
Chiller 1 200 Screw Liquid-cooled 1 0.718 0.628 90.12022 Table J-2

Review Tipg ECB

1. hillersincluded in the budget desigare shown in Table 4a of tigudget HVAC ECB tdlser
inputs are limited to thechiller plant capacityfuel type and the basis of the modeled performance
curves. The rest of the fields are aytopulated based on the applicable rulgksthe ECEnd are
non-editable.
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Chiller Plant

Capacity Chillers
(Ton)

2] 2] 2] K 2]

Total Chiller
Modeled Plant Name(s) Plant Number of Full Load Basis of Modeled

Eff. Units Part Load
Fuel Type Chiller Type Condenser Type (Table 6.8.1-

3)

Eff. (Path

. (path )|

Performance Curves

CH-1

120 Electricity 1 Screw Liquid-cooled kw/ton 0.720 0.560 90.1 2022 Table J-1

2. Verify that the enterecthiller capacityeflects simulation results for theudgetmodel.

3. For 90.1 2016 and 2019 projectgrify that PNNL Performance Rating Method Reference Manual
(PRM RMjJs selected as the basis for baseline performance curvabtbg PRM RM curves are not
used, verify that the modeled curves are appropriate.

For 90.1 2022 projects S NA T €0.1 A0R2 AppenddixTable 1 A& &St SOGSR I a

ModeleR t S

A % 4 A x

NF2NXYILyOS / dzNBSac¢

WHVACO02- B,P: Chilles are modeled as reportedin the Compliance Form

Review Tips

1. Review simulation reports to verify that the modeled chitigve, capacity and efficiency matches
information provided in the Compliance Form
The following conversions may be used if chiller efficiency provided in the Compliance Form is
expressed in different units than simulation tool inputs.

EER = COP*3.412
EER = 17kW/ton]

eQUEST Reports

PVA, PSH

TraneTRACEOO

Plant Information entered values report

Trane TRACE 3D
Plus

System Component Summary report

IESVE SOFTWAF

Plant Loops & Equipment Report, System Loads Report, Energy Model Out
Report, PRM Compliance Report, ECB Compliance Report, BPRM Report,
Simulation Report

EnergyPlus SLX dzadof ®KGYE WOIljdzZA LIYSY G { dzYYl NBQ
{ATAyYy3 {dzYYlF NBEQ NBLR NI
OpenStudio SL dzadof oKGYE WIOljdzZA LIYSY G {dzYYl NEQ

{ATAyYy3 {dzYYlF NBEQ NBLR NI

Carrier HAP v5

GtEFyd LyLldzi 5FGFé3 &/ KAEE SNJ Ly Lz

Design Builder

Water-Side HVAC sheetliiEED Minimum Energy Performance Calculator (.xI

WHVACO03B, P Average annual realized chiller efficiency is as expected

Review Tips
1. Background

The annual average realized chiller efficiency is the ratio of the annual load on the chiller to the
annual energy used by the chiller. The average realized efficiency is expected to be similar to chiller
part load efficiency. Different than expected avgesefficiency may be due to the following:
a) Inappropriate performance curves (e.g., using software defaults or incorrect custom
performance curves)
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b) Incorrect rated full load efficiency input
¢) Incorrect CHW loop controls such as design supply water temperature and temperature
drop
d) Chiller operating conditionare significanthdifferent from AHRI rated conditions.
2. The following should be flagged as it may result in overly optimistic compliance outcomes:
a) Average realized baseline (budget) chiller efficiency worse than expected
b) Average annual realized proposed chiller efficiency better than expected

eQUEST Reports | PSC

TraneTRACEOQO Equipment Energy Consumption report for the total equipment consumptio
and Building Cool/Heat Demand report from the Visualizer for the total load
Trane TRACE 3D | Site Consumption Summary for the consumption and Site Load Profile for {
Plus loads

IESVE SOFTWARI Detailed Simulation Repom®lant Loops & Equipment Report, BPRM Report,
Florida Energy Code Compliance Report

EnergyPlus SLX dzadof ®KGYE WOl dZALIYSY G {dzYYl NBQ
{ATAY3 {dzYYl NBEQ NBLR NI
OpenStudio SLX dzadof ®KGYE WOl dZALIYSY G {dzYYl NBQ

{ATAY3 {dz¥YYl NBEQ NBLR NI

Carrier HAP v5 GazyliKfe {AYdAZFGA2y wSadzZ Ga¢ NBLR
G/ KAf €SNI LyLMzi 12KEéod

Design Builder Water-Side HVAC sheetifEED Minimum Energy Performance Calculator
(.xIsm)

WHVA®4-P: Proposed chilled waterloop configuration and temperaturecontrols

reported in the Compliance Form reflect design documents.

Review Tips

1. Chilled watefCHW)plant loop arrangement (e.grimary/secondarypand controls are reported in
Table 5a of the Compliance Foan the Proposed HVAC tab

General D ipti Primary Looj

?
Modeled Pum| Design | VErisble | Minimum Totﬁum Design Supply T | Design Delta T
i e Speed Flow Pump Qty P pump Motor efficiency 8N SUPplY @

Loop Name | Loop Type | Configuration
B (L 8 control Type | Flow GPM BHP (F) (F)

Supply Temperature Reset Logic

Chilled Variable
CHW_Loop | Water, On- | Primaryonly | speed- 260 Yes 25.0% 1 5 91.0% a4 12
site Plant variable flow

44°F at OAT 80°F and above, 54°F at OA temps 60°F &
below, & ramped linearly between 44°F & 54°F

2. Verify thatthe reported CHW loop configuration armbntrolsreported in the Compliance Form
reflect design documents. The applicable design documents are referenced in a dedicated field
below the table.
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WHVACQ@IzB Baselind budget chilled water loop configuration and temperature controls
reported in the Compliance Form are established correctly

90.1 2016and 2019/2022 ECB

Table 11.5.21/12.5.2-1 Note e 44°F desigehilled-water supplytemperatureand56°Freturn
temperature must be modeled. Thaitled-water supply water temperaturenustbe reset in
accordance witt90.1Section 6.5.4.4.

90.1 2016and 2019 PRM

The tilled-water design supply temperature for Systems 7,8,11,12 and 13 must be modeled at 44°F and
return water temperature ab6°F Section G3.1.3)8Supply temperature must bresetbased on

outdoor dry-bulb temperature using the following schedule: 44°F at 80°F and above, 54°F at 60°F and
below and ramped linearly between 44°F and 54°F at temperatures between 80°F an8e&&ien(

G3.1.3.9. Exceptions apply to chilled water systems serving computer rooms or using purchased chilled
water (exception b Section G3.1.3)9

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Section G2.3.8and Section G2.3.9 requirements are the same as described abovdler90.1 2016
and 2019 PRM

G3.3 Minor Alterations

The systems and equipment included in guope of retrofit for alterationsubject to 90.1 2023ection
G3.3are requiredto model systems and equipment included in the scope of retrofit at efficiency levels
meeting the mandatory and prescriptive requirements in Sectidnd6lf there are no applicable
requirements, then the systems and components are modeled identically in the baseline and proposed.
Formostalterations 90.1 Section 6.5.4.4 (Chiletid HotWater Temperature Reset Contrpisill not

be applicable to the baselinand the reset schedule will be modeled identically in the baseline and
proposed (if there is a reset scheduled specified in the proposed designjever, if the alteration
includes mrw cooling systems installed to serve previously uncostetesthen the baseline is

required to be modeled as meeting the minimum requirement8@flL Section 6.5.4.4 (Chilleahd Hot
Water Temperature Reset Contrals)

Review Tips

1. CHW plant loop arrangement and controls are repoitedable 6a of th&udget HVAC ECB tab
(shown) or Table 6a of tHeaseline HYAC PRM tatepending on the compliance path followed by
the project.The inputsare autopopulated based on the applicable requirements of 90.1. ©ver
written defaults are shown in brown font and should be verifieéfer t090.1 2022 Section G3.3
Performance Calculations for Other Alterati®®1 2022SectionG3.3PerformanceCalculations for
Other Alterationdor review tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor
alterations).
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Correspondi

General Description Primary Loop Loop Temperature Control

Proposec
Modeled Loop Name(s) | 5

Applicable)

Loop (If Loop Type Configuration | Flow Controls vsD? Flow Pump Qty

Total Design Pump Design Supply and Return

T ture Reset Control Strat
W/GPM Temperature emperature it S

Flow GPM

CHW Loop 1 CHW_Loop | Chilled Water, On-site Plant | Primary only |Variable Flow 300 Yes 30.0% 1 1577 representative building loads (including return water

e Automatically reset supply water temps. by

return water temp.: 56°F

WHVAC®-B,P Chilled wateloop configuration and temperature controlsare modeled as
reported in the Compliance Form

Review Tips

Use simulation reports to verify that theadeled chilled watefoop configuration (i.e.
primary/secondaryandtemperaturecontrols aremodeled ageportedin the Compliance Form

eQUEST Reports

NA

TraneTRACEOO

Plant Information entered values report

Trane TRACE 3D
Plus

Plant Summary report

IESVE SOFTWAR

Plant Loops & Equipment Report, BPRM Report, Detailed Simulation Repor
Florida Energy Code Compliance Report or California Title 24 Certificate of
Compliance Report

EnergyPlus

Plant Information entered values report

OpensStudio

Plant Information entered values report

Carrier HAP v5

Gtfrhyd LyLdzi 5FaFé NBLR2NIA®

Design Builder

Water-Side HVAC sheetliiEED Minimum Energy Performance Calculator (.x

WHVAQ®G6-P: Proposed chilled water pumpsystem parametersreported in the Compliance
Form reflect design documents

Review Tips

1. Details of the specified CHW pumps are reported in Table 5a of the Proposed HVAC tab. Verify
alignment between Compliance Form and design documents. (The applicable design documents

must be listed below the table.)

General Description Primary Looj

Maodeled
Loop Name | Loop Type

?
Variable | Minimum J
Pump Design Total Pump | Pump Motor Design
Speed Flow Pump Qty

Control Type | Flow GPM BHP Efficien Supply T (F
e Drive? Fraction, % ¥ PRIy T(F)

Configuration

Chilled Variable
CHW_Loop | Water, On- | Primary only speed- 260 Yes 25.0% 1 5 91.0% a4
site Plant variable flow

2. Ifvalues provided on drawings (Figut2) must be expressed in different unitkie conversions
must be documented in the submittaCommon conversions anecludedbelow.

Pump Power [W] = BHP*746 / Effy
Effy = pump motor efficiency

Figure42: PumpDesign
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MAXTEMP | HEAD MAX
UNIT = fT BHP
NO LOCATION SYSTEM SERVED FLUID cPu
P e HEATING HOT WATER WATER 105 200°F a2 349
P2 e HEATING HOTWATER WATER 105 200°F @ 349

NOTES:
1. P-1&P-2 PUMPF MOTORS SHALL BE INVERTOR DUTY RATED FOR LiSE WITH VARIABLE FREQUENCY DRIVES.

WHVAC®ZzB Baselind budget chilled water pump system parameters reported in the
Compliance Form are established correctly

90.1 2016and 20192022 ECB

Table 11.5.21/12.5.2-1 Note e The pump system power for each pumping system shall be the same as
for the proposed design. If the proposed design has no chiteg@r pumps, the budget building design
pump power shall be 22 W/gpm (equal to a pump operating against a 75 ft head, &38ined

impeller and motor efficiency). The chilledater system shall be modeled as primanyly variable flow
with flow maintained at the design rate through each chiller using a bypass. Ghidled pumps must
be modeled a riding the pump curver with variablespeed drives when required B0.1 Section

6.5.4.2. Each chiller shall be modeled with separate condenser water and -etéited pumps
interlocked to operate with the associated chiller.

90.1 2016and 2019 PRM

Section G3.1.3.1Chilledwater systemsshall be modeled as primary/secondarith constant flow

primary loop and variablow secondary loop. Faystemswith a cooling capacity of 300 tons or more,
the secondary pump shall be modeled with variagpeed drives and a minimum flow of 25% of the
design flow rate. Fasystemaswith less than 300 tons cooling capacity, the secondary pump shall be
modeled as riding the pumgurve. The baselinkuildingconstantvolume primary pump power shall be
modeled as 9 W/gpm and the variaHlew secondary pump power shall be modeled as 13 W/gpm at
design conditionsSeeSection G3.1.3.1for chilled water pump system parameters for baseline systems
serving computer rooms (System 11) and projects with purchased chilled V@atetign G3.1.1.3.2nd
G3.1.1.3.3

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Section G2.3.10requirements are the same as described abovaherd0.1 2016 and 2019 PRM
Section G3.1.3.10

G3.3 Minor Alterations

The systems and equipment included in the scopeetybfit for alterationssubject to 90.1 2028ection
G3.3(i.e., Minor Alterationsare required to model systems and equipment included in the scope of
retrofit at efficiency levels meeting the mandatory and prescriptive requirements in Se&iand 10.
Section 10.1.4ncludes minimum motor efficiency requirements that should be modeled for the pump
motorsincluded in the scope of the alteration the baseline90.1 Section 6 requirements depend on
the scope of the alteration and the language in 90.1 Section 8Mith.regad to 90.1 Section 6f there
are no applicable requirements then the systems and components are modeled identically in the
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baseline and proposed. For most alterations 9ettion 6.5.4.2HydronicVariable Flow Systems) will
not be applicable to the baseline and the flow systems and controls will be modeled identically in the
baseline and proposed. However, if the alteration includes rooling systems installed to serve
previously uncooled spacethen the baseline is required to be modeled as meeting the minimum
requirements 000.1 Section 6.5.2.(Hydronic Variable Flow Systens

Review Tips

1. Parameters of the baseline CHW pumps are reported in Talbé the Baseline HYAC PRM tab
(shown) orBudget HVAC ECB ta#il required inputs are autpopulated based on the applicable
90.1 rules. Ovewritten defaults should be checkeRefer t090.1 2022SectionG3.3Performance
Calculations for OtheAlterationsfor review tips foralterations subject to 90.1 2022 Section G3.3
(i.e., Minor alterations).

General Description Primary Loop Secondary Loop

Minimum pum Total Minimum
vsD? Flow  PumpQty P Flow Controls | Design Flow VsD? Flow Pump Qty

Fraction, % UL GPM Fraction, %

Loop Designation -
b = Loop Type g Flow Controls TGS \.‘::JGF::A

uration Flow GPM

Chilled Water, On-site |Pri h i 3
Primary/Seco| Fixed speed 175 No . 1 00 Fixed speed

Plant ndary | constantflow variable flow 300 Ne 3.0% : 20

BLCHW

WHVACTzB, P CHW pumps are modeled as reportéa the Compliance Form

Review Tips

1. Review simulation reports to verify that chilled wammmpswere modeledas reportedn the
Compliance fornincluding pump design flow (GPM), power (kW, or BHP and motor efficiency) and
flow control (one/two speed, VSD).

eQUEST Reports PVA

TraneTRACEOQO | Plant Information entered values report for power and flow control. Equipme
Energy Consumption report to calculate pump gpm. There is no entry for pu
motor efficiency. It is assumed to be 75% in the calculation engine.

Trane TRACE 30 System Component Summary report

Plus
IESVE SOFTWA| Plant Loops & Equipment Report, BPRM Report, Detailed Simulation Report
Florida Energy Code Compliance Report

EnergyPlus SLX dzadof ®KGYE WOIljdzZA LIYSY G { dzYYl NBQ
{ dzY Y| NBE Q NI LJ]2 NI
OpenStudio SL dzadof oKGYE WOljdzZA LIYSY G {dzYYl NEQ

{ dzY Y| NBE Q NI LJ]2 NI
CarrierHAPV5 |[at € Fyd Ly Ldzi 5FGFé NBLRZ2NIaOD
Design Builder | Water-Side HVAC sheetliiEED Minimum Energy Performance Calculator (.xI4

WHVACG® (B, P) CHW loops flow control is modeled as reported in the Compliance Form

Review Tips

1. Review simulation reports to confirm that CHW loop configuration (i.e. primary/secondary), design
flow (GPM) and flow control (threway or twoway valves) are modeled as reported in the
Compliance Form.
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eQUEST Reports

PVA

TraneTRACEOQO

Plant Information entered values report. Equipment Energy Consumption re
to calculate pump gpm.

Trane TRACE 3D
Plus

Plant Summary report

IESVE SOFTWAR

Plant Loops & Equipment Report, BPRM Report, Detailed Simulation Repor
Florida Energy Code Compliance Report

EnergyPlus Plant Information entered values repart S LJ dza G 6f oK { Y
{dzYYF NEQ NBLRZNIZ Wtflyd [22LQ &aSO0f
OpenStudio Plant Information entered values repart S LJ dza G 6f oK { Yt

{dzYYF NEQ NBLRZNIZ Wtflyld [22LQ &aSO0Of

Carrier HAP v5

Gt flyd LyLdzi 5FGF¢é NBLRZ2NIa®

Design Builder

Water-Side HVAC sheetiiEED Minimum Energy Performance Calculator (.x

WHVAC®-B,P Modeled annual chilled water pump energy is as expected

Review Tips

1. BackgroundPump energy depergbn pump design BHP, pump motor efficiency, whether the flow
is constant or variable, with twavay valves in the loop, whether there is a VSD on pump motor and
VSD controls such as differential pressure reset. The typical power draw at part load conditions is
shown inTable 7 based on the same part load operation assumptions as for the part load cooling
efficiency (IPLV), including 1% at 100% of the load, 42% at 25% of the load, 45% at 50% of the load

and 12% at 25% of thedd).
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Table 7: Pump Performance at Part Load Conditions

Poump/Pdesign 100%| 90% | 80%| 70% | 60% | 50% | 40% | 30%| 25%| 20%| 10%| Avg%

Riding Curve | 1.03 | 0.92] 0.86| 0.82| 0.79] 0.75]| 0.70| 0.62| 0.56| 0.48| 0.28| 0.78

VSD, norese{ 1.01 | 0.81]|0.64|0.51]| 0.39|0.30|0.23]| 0.16] 0.14| 0.11] 0.05| 0.43

VSD, pdresel 1.01 | 0.77|0.57|0.41]0.28| 0.18| 0.11| 0.06| 0.04| 0.03| 0.01| 0.34

Poump [W] = pump power at part load
Puesign[W] = pump power at design load

The annual pump energy use may be estimated as follows:
PEU= Rsign* Avg% * HRS
PEU [kwWh] = estimated annual pump energy use
HRS = number of hours per year the building is occupied

Avg% = the

2. Compare simulated pump energy use to PEU estimated above. The following should be flagged:

average pump power draw from Table 7 depending on pump capacity control

- Simulated baseline pump energy use exceeding estimated PEU by more than 25%
- Simulated proposed pump energy use below 75% of the estimated PEU

eQUEST Reports

PSC

TraneTRACEOO

Equipment Energy Consumption report for pump kW and kWh, Library Meml
entered values report for number of occupied hours/year

Trane TRACE 30
Plus

System Component Summary report for pump inputs, Site Consumption
Summary report for pump energy consumption

IESVE SOFTWA

Thermal Template Repometailed Simulation Repomlant Loops & Equipment
Report, BPRM Report, Florida Energy Code Compliance Report

EnergyPlus SLX dzadof dKGYE W! yydzZt . dzZAfRAYy3I ! GA
{dzo O 6 S3A2NEQ aSOGA2yd ¢KS dzaSNJ YI &
report out for a specific pump if several are present.

OpenStudio SLt dzadof oKGYE Wl yydzrt . dzZAf RAy3a | GA

{dzo O 6S3A2NEQ aSOGA2yd ¢KS dzaSNJ YI &
report out for a specific pump if several are present.

Carrier HAP v5

Ga2ydKte {AYdZlaGA2y wSaddZ Ga&Z NBLEN

Design Builder

Water-Side HVAC sheetliiEED Minimum Energy Performance Calculator (.xIs

WHVACQ0zP Proposedheatrejection systemreported in the Compliance Form reflects
design documents

Review Tips

1. Parameters of the proposed condenser water (CW) loop are reported in Table 5a of the Proposed

HVAC tab. Verify that information included in the Compliance Form reflects design documents.

2. Cooling tower details are reported in Table 6a of the Proposed HVAC tab. Verify that information

included in the Compliance Form reflects design documents.
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WHVAQO0zB Baseline/budget heat rejection system reported in the Compliance Form is
established correctly

90.1 2016and 20192022 ECB

Table 11.5.21/12.5.1-1 Note eThe heatrejection devicds an opencircuit axiaifan cooling towemith
variablespeed fan controif required in90.1Section 6.5.and mustmeet the performance

requirements 0©0.1Table 6.8.17. Condenser water design supply temperature and controls must be

as described in 90.1 Table 118/22.5.1-1 Note e. Pump system power for each pumping system shall

be the same as the proposed design; if the proposed design has no condenser water pumps, the budget
building design pumpower must be 19 W/gpm (equal to a pump operating against a 60 ft head, 60%
combined impeller and motor efficiency)

90.1 2016and 2019 PRM

Section G3.1.3.1The heatrejection devicds an axiaffan opencircuit cooling tower with variable
speed farcontrol andefficiencyof 38.2 gpm/hp at the conditions specifieddA.1Table 6.8.17.
Temperature controls must be as describe®lSection G3.1.3.11 ariD.1Table G3.1.3.11. The
condenseswater pump power shall be 19 W/gpm and modeled as constant volume.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Section G2.3.11 Requirements are the same as described above for 90.1 2016 and 201Sd2Rdvh
G3.1.3.11

G3.3 Minor Alterations

The systems and equipment included in the scope of retrofit for alterasabgectto 90.1 2022Section
G3.3are required to modeheat rejection systenparameters as minimally compliant with 90.1 2022
Section6.1.4in the baselineThis at minimum,includes modeling the heat rejecti@yuipment as
minimally compliant witl90.1Table 6.8.47 and90.1Section 6.5.5.2 which includes requirements for

fan speed controlOtherbaselinerequirements may be triggered in the case wheresavrtooling

systemis beinginstalled to serve previously uncooled spaasghis makes it such that all 90.1 Section 6
mandatory and prescriptive requirements are applicable to establishing baseline modeling parameters
In all cases e sane type of heat rejection equipment shall be modeled in the baseline and proposed.

Review Tipg PRM

1. Refert090.1 2022SectionG3.3PerformanceCalculations for OtheAlterationsfor review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. Baseline cooling tower(s) are described in Table 4a oB#szline HVYAC PRM tdthe prescribed
inputs are autepopulated based on the applicable 90.1 rules and are-editable.

Cooling Tower (90.1 G3.1.3.11, PRM RM Section 3.7.3 ) Other

ﬂ Dﬂ' Rl Dg n Leﬂn Basis of Iéodeled Integra ?ed
esign Evaporation 8 e 8

Efficiency
Designation Cooling Tower Type Tower Fan Control Fl Temp.  Approach  Water Performance Fluid
& e o epm/He] | OV PR Design wet- (b s

Quanti Tower Rise, °F Temp., °F Curves Economizer?
ty [aem] bulb Temp. o

Chiller 1 Axial-fan, open-circuit, single cell 1 Variable speed 38.2 10 26 75 PRM RM No

Cooling Plant Cooling
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3. Baseline condenser loop is described in Table 6a dB#seline HYAC PRM tdathe prescribed
fields are auto populated based on 90.1 rules. Gvetten defaults are shown in brown font and
should be verified to confirm that changes are justified.

General Description Primary Loop
. _ _ _ Minimum
Loop Designation Config- Total Design
Loop Type : Flow Controls VvsD? Flow Pump Qty|Pump W/GPM
uration Flow GPM )
Fraction, %
r r r r
Fixed speed
BLCW Condenser Water Primary only o 60 No - 1 19.0
constant flow
Review Tipg ECB

1. Budget cooling tower(s) are described in Table 4a oBihdget HVAC ECB td&udget condenser
water loop parameters are shown in Table 6a. The prescribed inputsuémepopulatedwith
default based on the applicable rulestbé ECBOverwritten defaults are shown in brown font and
should be verified to confirm that changes are justified.

WHVAC1-B,PHeat rejection system is modeled as reporteth the Compliance Form

Review Tips

Verify thatmodeled parameters of the heat rejection system(s) are as reported in the Compliance Form.

eQUEST Reports

PVA

TraneTRACEOO

Plant Information entered values report, Library Members entered values rep

Trane TRACE 30
Plus

System Component Summary report

IESVE SOFTWA

Plant Loops & Equipment Report, BPRM Report, Detailed Simulation Report
Florida Energy Code Compliance Report

EnergyPlus SLX dzadof ®KGYE WOIljdzZA LIYSY d { dzYYl NBQ
{ATAyYy3 {dzYYlFI NBEQ NBLR NI

OpenStudio S dzadof ®KGYE W9IljdzA LIYSY i {dzYYl NBQ
{ATAyYy3 {dzYYlFI NEQ NBLR NI

Carrier HAP v5

6/ 22fAy3 ¢26SNJ LyLddzi 51 dF ¢ NBLRZNI @

Design Builder

Water-Side HVAC sheetliitED Minimum Energy Performance Calculator (.xIs

WHVACQ2-P Proposed space heating boilers reported in the Compliance Form reflect
design documents and meet the minimum efficiency requirements

Review Tips

1. Specified space heating boilers are reported in Table 7a of the Proposed HVAC tab.

2. Confirm that reported boiler type, fuel source, quantity, capacity and efficiency reflect design
documents. The design documents where the information may be found (e.g. drawing number)
must be included in a dedicated field below the table.

Heating Plants

Modeled
Heating
Plant Name

Type

H

Efficiency

E
Basis of Modeled
Performance Curves

2]
Minimum
Efficiency

Kl
Total Output
Capacity,
Btu/hr

EH

Eff. Units

Number of
Boilers/Hea
t Pump
Chillers

Associated

Fuel
He Loop

B 1

Boiler, HW, Condensing

Natural Gas 2 3,000,000 Et 93% 80% HW_Loop Manufacturer data
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3. Verify that efficiency of the specified spacy heating boilers m@etl minimum efficiency
requirements. (fie applicable requirements are quoted in TabBée) If the specifiethoilers have
lower efficiencyor if the default minimum requirements are owarritten, the submittal must be
flagged. These requirements are mandatory and must be met.

4. Variations irboiler performance at a range of operating conditicar® typically simulated using
performance curves. The basistbé modeledperformance curves may include the following:

d) PNNL Performance Rating Method Reference Manual

e) Custom curves based on chiller performance data from the equipmemufacturer.
If custom curves are used, confirm that supporting information is included in the submittal as
required (Submittal Checklise#). The provided curves may be directly reviewed. Alternatively, the
annual average achievdmbiler efficiencymay beverifiedto confirm general alignment with the
rated efficiency (se®VHVAQ4). Reviever may also request that the default performance curves
from PNNL Performance Rating Method Reference Manual for the spduified typeare used

WHVAQ2zB Properties of the space heating boilers in the budgétaseline design

reported in the Compliance Form are established correctly

90.1 2016and 20192022 ECB

Table 11.5.2; 1/ Table 2.5.2¢ 1, Note f: The budget building design boiler plant must be modeled with

a single boiler if the budget building design plant load is 600,000 Btu/h or less and with two equally sized
boilers for plant capacities exceeding 600,000 Btu/h. Boiterstbe staged as required by the load.

Boilels mustuse the same fuel as the proposed building design and be natural draft. Boiler efficiency
must be the minimum required i@0.1 Table 6.8.16. Ifthe proposed design uses purchased hot water

or steam then purchased water or stan must also be used in the budget design in lieu of boilers and

the hot-water or steam costs must be based on actual utility rates.

90.1 2016and 2019 PRM

Section G3.1.3.2The boiler plant for baseline System Jarkd 7 must be natural draft and use natural
gas If natural gas is not available -gite as determined by AHJ, the boiler plant must use propane.
Purchased heat must be modeledtime baseline instead of asite boiler for projects that use
purchased heat in the proposed desi@ettion G3.1.1)1 The onrsite baselinéoiler plant must be
modeled with a singleoilerif the baselineplant serves @onditioned floor areaf 15,000 ftor lessand
with two equally sizedboilersfor plants serving more than 15,000.fThe boilersnustbe staged as
required by the load.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Section G3.2.3.Pequirements are the same as descritaubve forthe 90.1 2016 and 2019 PRM
Section G3.1.3.2

G3.3 Minor Alterations

Alterations subjecto Section G3.3are required tomodel the same quantity and type of boiler in the
baseline and proposed modeBoiler efficiency shall be modeled with the minimum requirements of
Table 6.8.36 in the baseline.
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Review Tips

1. ForPRMprojects, the laseline space heating boilers are reported in Table 5a oBdweline HVAC
PRM tak(shown) ForECBorojects, budget design boilers are shown in Table 5a oBtdget HVAC
ECB tabRefer t090.1 2022SectionG3.3PerformanceCalculations for Othehlterationsfor review
tips foralterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

Boiler Plants
? ?
Boiler Plant J . ) J
) ) Mumber of Efficiency Basis of Modeled
Designation Type Fuel i
Boilers Total Input (Table G3.5.6) | Performance Curves
Capacity, Btu/hr
Boiler 1 HW, Natural Draft Natural Gas 2 1,872,000 75% Et PREM RM

The fields are autpopulated except for the following:

a) Total Input Capacity is a user input and must reflect sizing determined in the baseline model.

See WHVAC13 for the applicable simulation reports.)

b) Basis of the modeled performance curves must be set to Performance Rating Method
Reference Manual (PRM RMYhile theperformance curves are not prescribed in 90.1
PRM RM reflect the industry standard defaults.

Overwritten defaults (if any) are shown in brown font and should be flagged by reviewer.

WHVAG13zB,PSpace heating boilers are modeled as reported in the Compliance Form

Review Tips

The proposed boiler quantity, type, capacity and efficiency is modeled as repdtedollowing
relationshipsmaybe usedwvhen necessary to convert between different efficiency units:

a. From AFUE to Et:

75%<=AFUE<80%:

all other:

Et=0.1xAFUE+72.5%
Et=0.875 x AFUE + 10.5%

b. From Ec to Et: Et=R&0

eQUEST Reports

PVA

TraneTRACEOO

Plant Information entered values report

Trane TRACE 3D
Plus

System Component Summary report

IESVE SOFTWAF

Plant Loops & Equipment Report, BPRM Report, Detailed Simulation Repor
Florida Energy Code Compliance Report

EnergyPlus SLI dzaGiof ®KGYE WOljdA LIYSY G {dzYYl NBEQ
{ATAYy3 {dzYYlI NEQ NBLRNI

OpenStudio SLX dzaGiof ®KGYE WOlidZA LIYSY G {dzYYl NBEQ
{ATAYy3 {dzYYlI NEQ NBLRNI

CarrierHAPVS |at fFyd LyLdzi 51 d1F£€3 a. 2At SN Ly Lz

heat pumps) reports.

Design Builder

Water-Side HVAC sheetlifEED Minimum Energy Performance Calculator (.x
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WHVAC14B,P Average annualealized boiler efficiency is as expected

Review Tips

1. Background

Theannualaveragerealized boileefficiency is the ratio of the annual load on the boiler to the annual
boiler energy use, as shown on simulation output reportse average realized efficiency is expected to
be lower than the rated efficiency. For examples rated efficiency of condensing boilers corresponds
to 80F return water temperature. A much higher design return water temperature is confseen
WHVAC1%) resulting in a significantly lower realized efficien€gondensing boiletsas illustrated
below based on manufacturer datar a sample unit

100
98
96 =

= = = = 7% input

92 S

a0 ~ ™~
a8
86
a4
a2
80

— o 40% iNput

Jf"'-‘

~ e | (0% Input

"l

THERMAL EFFICIENCY (%)

70 80 90 100 110 120 130 140 150 160 170 180
RETURN WATER TEMPERATURE (deg F)

2. Common Mistakes
a. Average annual realized efficiency over &6¥%condensing boilers included in the proposed
designs that with the specifiegturn water temperature of 160F should be flagbas it is likely
overly optimistic. Review comment should request sheetsfor the boilerwith AHRI efficiency
and performance characteristics at various return water temperature and loads to justify the
modeled performancetigher than expected average efficiency may be due to the following:
A Inappropriate performance curves (e.g., using software defaults or incorrect custom
performance curves)
A Incorrect rated full load efficiency input
A Incorrect HW loop controls such as lower than specified supply water temperature or
higher than specified design temperature drop
b. Budget/baseline space heating boilers are natural difaft alterations subject to 90.1 2022
Section G3.8i.e., Minor Alterationsjhe baseline boiler type will depend on and be identical to
the type specified in the proposed desigiihe aveage realized annual efficienbglow 72% /
68%for the natural draftboilers that have 80% / 75% rated efficiency should be flaghjeel
expectedpart load efficiency degradation stichboilers based on the performance curves in
PRM RM results in the efficiencieosmn inTablel8. The annual average efficiency of a boiler
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that operates at 75% of design capacity 43% of the time, 50% of design capacity 45% of the time
and 25% of design capacity 12% of the time is shown in Typ. Avg. column of Table 9. The average
annual boiler efficiency that is lower than expected shouldlagdgedand may be due to the
following:
A Budget/baseline boilers are oversized by more than 25% and run at low part load for
most of the year.
A Budget/baseline boilers are not controlled correctly in the model.
A Inappropriate performance curves (e.g., using software defaults or incorrect custom
performance curves)

Tablel8: Natural Draft Boiler Efficiency at Part Load Conditions

Typ
% of Design Load 100%| 90% | 80% | 70% | 60% | 50% | 40% | 30% | 25% | Avg.

80% efficient boiler (Note 1] 80% | 79%| 77% | 76% | 74% | 71% | 68% | 64% | 61% | 72%
75% efficient boiler (Note 2 75% | 74%| 72% | 71% | 69% | 67% | 64% | 60% | 57% | 68%

Note 1:All ECB budget boilers and PRM baseline boilers with heating capacity over 2,500 kBtu/h or
under 300 kBtu/h
Note 2:PRM baseline boilers with 300 kBtuil2,500 kBtu/h

eQUEST Reports PSC

TraneTRACEOQO | Equipment Energy Consumption report for the total equipment consumption
Building Cool/Heat Demand report from the Visualizer for the total loads
Trane TRACE 30 Site Consumption Summary for the consumption and Site Load Profile for thg
Plus loads

IESVE SOFTWA| Detailed Simulation RepgiPlant Loops & Equipment Report, BPRM Report,
Florida Energy Code Compliance Report

EnergyPlus SLX dzadof dKGYE WOIljdzZA LIYSY G { dzYYl NBQ
{ATAYy3 {dzYYFNEQ NBLRNIZ W! yydz t . d
WoyR !aSa .@& {dzoOlIGS3a2NEQ aSOlAz2yd
subcategory field to reportut for a specific boiler if several are present.
OpenStudio SLX dzadof dKGYE WIOIljdzZA LIYSY G { dzYYl NBQ
{ATAYy3 {dzYYFNEQ NBLRNIZ W! yydz t . d
WoyR !aSa .& {dzoOlIGS3a2NEQ aSOlAz2yd
subcategory field to repomut for a specific boiler if several are present.
Carrier HAPV5 |da2y Kt e {AYdzZ I GA2Yy wSadzZ Ga¢ NBLEZN
G. 2AF SN hdzl LJdzi ¢ FyR a. 2Af SNJ Ly Ldzi ¢
Design Builder | Water-Side HVAC sheetliiEED Minimum Energy Performance Calculator (.xIg
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WHVACS5-P Proposed hot water loopconfiguration temperature controls reported in the

Compliance Form reflect design documents

Review Tips

1. The configuration (primary/secondary) and temperature controls of the specified hot water loops
are shown in Table 5a of the Proposed HVAC tab.

Loop Type = Configuration Sugg:‘ﬁ?m Des'{‘g_':FI:;EIta Supply Temperature Reset Logic
Hot Water, 160°F at OAT 20°F and below,100°F at OA
On-site Primary only 160 50 temps 60°F & above, & ramped linearly
Plant between 100°F & 160°F

2. Verify thatthe reportedhot waterloop configuration andcontrolsincluding desigsupply and
return water temperature and temperature resetflect design document€ontrols may hava
significant impact on the realized efficiency. For example, the rated efficiency of condensing boilers
corresponds to 80F return water temperatur® nmuch higher design return water temperature is
common such a460 Fshown below resuting in a significantly lowerealizedefficiency(see
WHVAC3).

BURNER FERFORMANCE DATA ELECTICAL FiOT WATER
- 5 NOMINAL | GROSS NET GAS BOILER POVER MAX .
DESIGATION | - LOCATION SERMCE | Capaciry | NPT | ouTRuT FUEL GASFRING [ GASTRAN| WINWEX | o | wos | wore | OM | P2 E\;‘T L.:;T
BOILERMBH| MBTUHR | METURR TYPE RATE(SCFH) | SIZE(N) |PRE(NWC) - wmo | P
BD-162 MECH. ROOM HEATING 1,000 1,000 870 NG 1,000 1 414 13 2 120160 | 12975 | 647 | 180 | 180

WHVA15zB Budgetbaseline hot water loop configuration and temperature controls
reported in the Compliance Form are established correctly

90.1 2016and 2019/2022 ECB

Table 11.5.2; 1/ Table 2.5.2¢ 1, Note f: The lot-water space heating loop musie modeledwith
180°F design supply temperature and 130°F return temperaithiesupply water temperaturenustbe
reset in accordance with0.1Section 6.5.4.4.

90.1 2016and 2019 PRM

The lot-water space heating loomust be modeledvith 180°Fdesign supphand 130°Flesign return
temperature 0.1 Section G3.1.3.3Hotwater supply temperature must besetbased on outdoor
dry-bulb temperature using the following schedule: 180°F at 20°F and below, 150°F at 50°F and above
and ramped linearly between 180°F and 150°F at temperatures between 20°F anG3@°B.4. See
Exception t®0.1 Sectior53.1.3.4 for projects that use purchased heat in the proposed design.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

90.1 Section G2.3.3and G3.2.3.4equirements are the same as described abovetier90.1 2016 and
2019 PRM.

G3.3 Minor Alterations

The systems and equipment included in the scope of retrofiafmrationssubject to 90.1 2023ection
G3.3are required to model systems and equipment included indbape of retrofit at efficiency levels
meeting the mandatory and prescriptive requirememsSection 6.1.4. If there are no applicable
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requirements, then thesystems and components are modeled identically in the baseline and proposed.
For most alterations 90.%ection 6.5.4.4Chilled and HotWater Temperature Reset Contrpisill not

be applicable to the baseline and the reset schedule will be modeled identically in the baseline and
proposed (if there is a reset scheduled specified in the proposed design). However, if the alteration
includes mw cooling systems installed to serve previously uncooled spdeasthe baseline is

requiredto be modeled as meeting the minimum requirement6f1 Section 6.5.4.4 (Chilleahd Hot
Water Temperature Reset Contrals)

Review Tips

1. HW plant loop arrangement and controls are reported in Table 6a dBtltget HYAC ECB tab
(shown) or Table 6a of theaseline HVAC PRM tatepending on the compliance path followed by
the project. The inputs are awpopulated based on the applicable requirements of 90.1. ©Over
written defaults are shown in brown font and should be verifiedr dterations subject to 90.1
Section G3.8i.e., Minor AlterationsexamineTable 5a on the Proposed HVAC tab for the
parameters that should be modeled in the baseline and proposed.

WHVAC16B,PHot water loops temperature controls are modeled as reported in the
Compliance Form

Review Tips

Use simulation reports toerify that themodeledhot waterloop configuration anaontrols such as
supply and return hot water temperature and temperature reset are modeled as repaorteéa:
Compliance Form

eQUEST Reports | NA

TraneTRACEOQOO | Library Members entered values report
Trane TRACE 3D| Plant Summary report

Plus
IESVE SOFTWAR Plant Loops & Equipment Report, BPRM Report, Detailed Simulation Repor|
Florida Energy Code Compliance Report

EnergyPlus
OpensStudio
Carrier HAPV5S |at f Iy G Ly Ldzi 5FGFé NBLR2NIaD

Design Builder Water-Side HVAC sheetlitED Minimum Energy Performance Calculator (.x
Energy Gauge

WHVAQ.7zP Proposed hot water pumpsystem parametersreported in the Compliance

Form reflect design documents

Review Tips

1. Details of the specified HW pumps are reported in Table 5a of the Proposed HVAC tab. Verify
alignment between Compliance Form and design documents. (The applicable design documents
must be listed below the table.)
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WHVAQ7zB Baseline/budget hot water pumps reported in the Compliance Form are
established correctly

90.1 2016and 20192022 ECB

Table 11.5.2; 1/12.5.2-1, Note f:Pump system power for each pumping systemstbe the same as
for the proposed building design; if the proposed building design has noai@r pumps, the budget
building design pump powenustbe 19 W/gpm which isequal to a pump operating against a 60 ft
head, 60% combined impeller and motor efficiency. Thevinatier system shall be modeled as primary
only with continuous variable flovlhe lot-water pumpsmustbe modeled as riding the pump curve or
with variablespeeddrives when required b0.1Section 6.5.4.2.

90.1 2016and 2019 PRM

Section G3.1.3.5The baseline building desitnot-water pump power must be 19 W/gpm. The pumping
systemmust be primaryonly with continuous variable flow and a minimum of 25% of the design flow
rate. Hotwater systemsserving 120,000 ftor more mustbe modeled with variablspeed drivesnd
systemsserving less than 120,006 fhust be modeled as riding the pump curve.

90.1 2022 PRM

G3.2 New Construction/Major Alterations

Section G2.3.5requirements are the same as described abovetier90.1 2016 and 2019 PRM
Section G3.1.3.5

G3.3 Minor Alterations

The systems and equipment included in the scope of retrofit for alterasabgect to 90.12022Section
G3.3(i.e., Minor Alterationsare required to model systems and equipment included in the scope of
retrofit at efficiency levels meeting the mandatory and prescriptive requirements in Sections 6 and 10.
Section 10.1.4 includes minimum motor efficiency requirements that should be nobéEi¢he pump
motors included in the scope of the alteration in the baseline. 90.1 Section 6 requirements depend on
the scope of the alteration and the language in 90.1 Section 6.1.4. With regard to 90.1 Section 6, if there
are no applicable requirementhen the systems and components are modeled identically in the
baseline and proposed. For most alterations 9ettion 6.5.4.2Hydronic Variable Flo®ystems) will

not be applicable to the baseline and the flow systems and controls will be modeled identically in the
baseline and proposed. However, if the alteration includes rooling systems installed to serve
previously uncooled spaceen the baseline is required to be modeled as meeting the minimum
requirements 000.1 Section 6.5.2.(Hydronic Vaable Flow Systems

Review Tips

1. Parameters of the baseline HW pumps are reported in Table 6a &akeline HVAC PRM tab
(shown) orBudget HVAC ECB taldl required inputs are autpopulated based on the applicable
90.1 rules. Ovewritten defaults should be checkeRefer t090.1 2022SectionG3.3Performance
Calculations for OtheAlterations for review tips foralterations subject to 90.1 2022 Section G3.3
(i.e., Minor alterations).
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WHVAC18B,PHot water pumps are modeled aseported in the Compliance Form

Review Tips

1. Review simulation reports to verify that hot water pumps were modeled as reported in the

Compliance form including pump design flow (GPM), power (kW, or BHP and motor efficiency) and

flow control (one/two speed, VSD).

eQUEST Reports

PVA

TraneTRACEOO

Plant Information entered values reporEquipment Energy Consumption repo
and Library Members entered values report to calculate pump gphere is no
entry for pump motor efficiency. It is assumed to be 75% in the calculation
engine.

TraneTRACE 3D
Plus

System Component Summary report

IESVE SOFTWA

Plant Loops & Equipment Repditetailed Simulation RepofBPRM Report,
Florida Energy Code Compliance Report

EnergyPlus SLX dzadof ®KGYE WOIldALIYSY (G {dzYYl NBQ
{ dzY Yl NBE Q NXBLI2 NI

OpenStudio SLX dzadof ®KGYE WOl dALIYSY (G {dzYYl NBEQ
{ dzY Yl NBE Q NXB LI NI

CarrierHAPV5 Gt flyd LyLdzi 5FGFé NBLRZ2NIaOD

Design Builder

Water-Side HVAC sheetliieED Minimum Energy Performance Calculator (.xIs

WHVAC19B,PHot water loops flow control is modeled as reported in the Compliance

Form

1. Review simulation reports to confirm that HW loop configuration (i.e. primary/secondary), design

flow (GPM) and

flow control (threway or twoway valves) are modeled as reported in the

Compliance Form.

eQUEST Reports

PVA

TraneTRACEOO

Plant Information entered values report. Equipment Energy Consumption re
and Library Members entered values report to calculate pump gpm.

Trane TRACE 3D
Plus

Plant Summary

IESVE SOFTWAF

Plant Loops & Equipment Repditetailed Simulation RepoBPRM Report,
Florida Energy Code Compliance Report

EnergyPlus Plant Information entered values repait S LJ dza G 6 f @K Y ¢
{dzZYYI NEQ NBLR2NIS Wtflyd [221L)JQ aSO(
OpenStudio Plant Information entered values repart S LJ dza G 6 f @K i Y ¢

{dzYYF NEQ NBLR2NIZ Wtflyd [22LQ aS0O(

Carrier HAP v5

Gt flyd LyLdzi 5FGF¢ NBLRZ2NIa®

Design Builder

Water-Side HVAC sheetliEED Minimum Energy Performance Calculator (.x

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual

203



WHVAC20B,PModeled annualhot water pump energy is as expected

Review Tips

1. Follow the steps described for HYAVCO09 to confirm thetmodeled annual hot water pump
energy is as expected.

eQUEST Reports

PSC

TraneTRACEQO

Equipment Energy Consumption report for pukyfy andkWh, Library Members
entered values report for number of occupied hours/year

TraneTRACE 3D
Plus

System Component Summary report for pump inputs, Site Consumption
Summary report for pump energy consumption

IESVE SOFTWAR

Thermal Template RepoiEnergy Model Output Report, PRM Compliance
Report, ECB Compliance Report, BPRM Report, Detailed Simulation Repor

EnergyPlus SL dzadof oKGYE Wl yydzZ f . dzZAf RAy3a ! (A
.8 {dzoO0FGS3I2NEQ aSOiA2yd ¢KS dza SNJ
report out for a specific pump if several are present.

OpenStudio SL dzadof oKGYE Wl yydzZ f . dzZAf RAy3a ! (A
.8 {dzoO0FGS3I2NEQ aSOiA2yd ¢KS dza SNJ
report out for a specific pump if several are present.

CarrierHAPV5 Ga2zyldKfte {AYdAZ FGA2Y wSadzZ G&d¢ NBLRZN

Design Builder Water-Side HVAC sheetifEED Minimum Energy Performance Calculator (.x

Energy Gauge

WHVAC21 Pump energy use ieported on the Compliance Calculations tab if applicable.

Review Tips

1. If proposed/budget/baseline design includeisilled water, hot water or condenser loopased on

the information reported in the Compliance Form (as noted below), pumps are expected to be

A = 4 oA X~

modeledandnod SN2 &t dzYL¥ Sy R dza8S Ay SELISOGSR (2
tab Table 2. Loops are found on the followiagations within the Compliance Form

A ProposedHVAC tab Table §&xamine the Notes field under the table for notes as to what

was modeled in the baseline design moftel90.1 2022 alterations subject to G3.3)
A Baseline HVAC PRM tahble 6a
A Budget HVAC ECB taable 6a

2. The following should be flagged in the review comments:
a) Model is expected to have pumps, but no pump energy is reported
b) Model is not expected to have pumps, but pump energy is reported.

WHVACZ2 Modeledbudget/baseline and proposed heatingenergy use by fuel is consistent

with heating energy source reported in the Compliance Form

Review Tipg ECB

1. WhenSection 11.5.2 {12.5.2 jin 90.1 20223 properly applied to determine the budget HVAC
system, the allocation of heating and cooling energy use between fuels is expected to be similar in
the budget building and the proposed design. For example, if based on the simulation output
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reports about one third of the annual heating MMBtu is associated with natural gas and two thirds
with electricity, similar allocation is expected in the budget dedtyplanation should be requested
when allocation of heating energy use between fuels differ by more 1%84 in the budget design

vs proposed design. For example, if in the budget desigiing energy MMBtu are split 50/50
between electricity and gas, and in the proposed design the split is 30/70.

2. Allfuel typesreported in theProposed HVAC tab Tabledrasrashould have the corresponding
modeled energy use reported for the proposed design in the Compliance Calculations tab Table 2.
All fuel types that are not listed in the aboveferenced tables of the Proposed HAC tab are
expected to have no energy user mfed in the Compliance Calculations tab.

3. All heatingfuelsreported in theBudget HYAC ECB tahble 1a or 5a should have the corresponding
modeled energy use reported for the budget design in the Compliance Calculations tab Table 2. All
fuel types that are not listed in the aboveferenced tables of the Proposed HAC tab are expected
to have no eergy user reported in the Compliance Calculations tab.

Review Tipg PRM
1. Refert090.1 2022SectionG3.3PerformanceCalculations for OtheAlterationsfor review tips for
alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

2. Allfuel typesreported in theProposed HVAC tab Table 1a or 7a should have the corresponding
modeled energy use reported for the proposed design in the Compliance Calculations tab Table 2.
All fuel types that are not listed in the aboveferenced tables of the Proposed HAC tab are
expected to have no energy user reported in the Compliance Calculations tab.

3. All heatingfuelsreported in theBaseline HYAC PRM taable 1a or 5a should have the
corresponding modeled energy use reported for the budget design in the Compliance Calculations
tab Table 2. All fuel types that are not listed in the abosferenced tables of the Proposed HAC tab
are expected to have no engy user reported in the Compliance Calculations tab.

4. Common mistake includes modeling electric heating in the baseline for projects located in climate
zones3B, 3C and-8. Based on 90.1 Table G3:B.And G3.1.4, such projects should have no
electric heating in the baseline model.

eQUEST Reports | BEPU

TraneTRACEOO | Energy Cost Budget report
TraneTRACE 3D | LEED Summary Section 1.6
Plus
IESVE SOFTWAR PRM Compliance Report, ECB Compliance Report, BPRM RepGrt,
Compliance ReporBlant Loops & Equipment Report, Energy Model Output
Report Detailed Simulation Report

EnergyPlus SLX dzadof dKGYE W!I yydz f dzA f RAy 3 ! (A
OpenStudio SLY dzadof dKGYE Wl yydzZ f . dzZAf RAy3 | ()
CarrierHAPV5 G[ 995 {dzYYIFI NBE£¢ NBLRNIX {SOGA2Y H

GFroftS GAGESR at NPLRASR 9ySNHe& { dzvy

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 205



\ Design Builder \ Water-Side HVAC sheetifEED Minimum Energy Performance Calculator (.x\

Renewable Energy(RE)

Renewable Energy Checks Overview

This group of quality control checks focus on verifying renewable thermal and electricity generation
systems. The checks only apply to projects that include such systems.

For projecs subject to 90.1 G3.3 (i.e., Minor alterations) energy generated by existing system capacity
shall be subtracted from the baseline design energy consumption prior to calculating the building
performance. Additional capacity and/or a new system includgtienscope of the alteration is not
required to be subtracted from baseline design energy consumption.

REQL The renewable electricity generation systems reported in the Compliance Form

reflect design documents

Review Tips

Renewable electricity generation systems are reported in on the Renewable Energy tab Tables 1 and 2.
Confirm that all required information is provided and consistent with the design documents.

PV system details included in the submittal mustéimum include system type, orientatiand
generation capacitgkW). If PVsystem wasiot modeled explicitly in the whole building simulation tool
used for the projectthe external calculations used to estimate electricity generation must be included
in the submittal as described Exceptional Calculations group of QC checks

REO2 The renewable thermal energy systems reported in the Compliance Form reflect
design documents

Review Tips
Renewable thermal energy systems are reported in Table 3 of the Renewable Energy tab.

RE® Savings fromrenewable energy savings reported in the Compliance Form are

substantiated

Review Tips

1. Referto Table 4 in the Renewable Energy Tab

2. To verify that the reported PV system electricity generation is reasonable, calculate the system EFLH
that is equal to the ratio of the reported annual electricity generation (kWh) to the total rated PV
system capacity (kKW).

3. If renewable energy was modeled in the whole building simulation tool, verify that savings reported
in the Compliance Form reflect simulation results based on the simulation reports referenced below.

4. Projects often model renewable energy using external calculations.

eQUEST Reports | PSH

TraneTRACEOO | LEED Summary Section 1.4
Trane TRACE 3D| NA

Plus

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 206



IESVE SOFTWAR PRM Compliance Report, ECB Compliance Report, BPRM, Repart
Compliance ReporEnergy Model Output Report

EnergyPlus SLX dzadof oKGYE W[ 995 -1{Rea¥wable\Shedgy Sidartd2 N
Summary

OpenStudio SLX dzadof ®KGYE W[ 995 -1Rea¥wableNEdhedyy Sidartd2 N
Summary

Carrier HAP v5 NA. Ossite renewable energy generation is calculated external to the progri
Design Builder LEED Summary Reports in EnergyPlus Output Summary Document

REO4 Contribution of renewable energy toward compliance does not exceed the allowed
limit

90.1 2016and 20192022 ECB

11.4.3.112.4.3.1: The reduction in design energy cost associated witsimrenewable energy shall be
no more than 5% of the calculated energy cost budget.

90.1 2016 PRM
There is no limit on the contribution of renewable energy toward compliance. However, such
contribution should be verified to ensure that it is not overly optimistic.

90.1 2019and 2022 PRM
4.2.1.1:The formula used to establish compliance provided in this section liontsilbution of
renewable energy toward compliante no greater tharb% of the baseline energy cost

G3.3 Minor Alterations

For projects subject to 90.1 G3.3 (i.e., Minor alterations) energy generated by existing system capacity
shall be subtracted from the baseline design energy consumption prior to calculating the building
performance. Additional capacity and/or a new systieicluded in the scope of the alteration is not
required to be subtracted from baseline design energy consumption.

Review Tips
1. The applicable cap is automatically accounted for in the Compliance Calculations tab of the
Compliance Form.

2.90.1 Section 3definesénA S NBySgl o6fS SySNHe Fa aX SySNHe 3ISy
LINE RdzOSR &4 GKS o0dzAf RRAYy3a araiadSoe¢ . FaSR 2y (GKAa RST
panels, solar service water preheaters, etc. are subjgthé cap. As with any systems, the renewable

energy systems can only contribute toward compliance if they are included in the permit application.

3. Example

Q:A project following the ECB path has modeled an energy cost budget of $100,000. The modeled
proposed energy cost is $98,000 including $8,000 savings fresit@RV panels which were explicitly
modeled in the simulation tool and are included in the peragplication. Does the project comply with
ECB?

A: The proposed energy cost without accounting forsde renewables is $98,000+$8,000=$106,000.
The allowed maximum contribution of renewable energy toward savings is 5%*100,000=$5,000. The

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 207



proposed energy cost with the allowed renewable energy savings is $16650000=$101,000, which
exceeds the energy cost budget. The project does not comply with the ECB.

REO5 Prescriptive onsite renewable energy requirementseported in the Compliance
Form are established correctly

90.1 2016 and 2019 ECB and PRM
Not applicable

90.1 2022 ECB

Table 12.5.1 #15 Budget Building Design column

Onsite renewable energy shall be included in the budget building design when requiteechgn
10.5.1, and shall be determined as follows:

a. Where a system providing @ite renewable energy has been modeled in the proposed design, the
same system shall be modeled identically in the budget building design, except the rated capacity shall
meet the requirements of Section 10.5.1.1. Where mibi@ one type of orsite renewable energy

system is modeled, the total capacities shall be allocated in the same proportion as in the proposed
design.

b. Where no system exists or is specified to provideitem renewable energy in the proposed design,
on-site renewable energy shall be modeled as an unshaded photovoltaic system with the following
physical characteristics:

w {ATSY wliSR OFLIOAGe LISN {SOlA2y mMnodopodmbdm
w az2RdzA S ¢2LISY /NEBAGIEEAYS &AAtAO2Y LI ySt SgAGK |
coefficient 0f¢0.19%/°F; performance shall be based on a reference temperature of 77°F and
irradiance of 317 Btu/fth.
® ! NNJI & -rhcuritds ¥rraywiitrOah installed nominal operating cell temperature (INOCT) of
103°F
w ¢20Ff aeadsSy ft2aasSa o605/ 2dzildzi G2 '/ 2dzilizioy
w ¢ Mdégiess (mounted horizontally)
w !'TAYdzZiKYmyn RS3INBSa
90.1 2022 PRM
The Performance Cost Index Target (PCIt) and compliance calculat®etdion 4.2.1.includes the
requirement to account for proposed building performance, excluding any renewable energy system in
the proposed design and including an-site renewable energy system that meets but does not exceed
the requirements of Section 10.5.1.1 modeletiowing the requirements for a budget building design
in Table 12.5.1, row 15 (requirements are shown directly above in the 90.1 2022 ECB section).
Review Tips
1. Refer to the pescriptive onsite renewable energy systemputsin Tables 5, 6, and 7 on the
Renewable Energy tab in the Compliance Form.
2. Review Table 5 to verify thatescriptive onrsite renewable energy systeminimum rated capacity
requirements in Sectiof0.5.1.1 were established correctly.
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3. To verify that the reporte@n-site renewable energy systegeneration is reasonable, calculate the
system EFLithichis equal to the ratio of the reportegrescriptiveannualenergygenerationto the
total rated system capacitysing the inputs in Table 6

4. Review Table 6 and the proposed renewable energy tables (TaBle® Verify thatthe same
systen{s)that arespecified in the proposed desigine modeledto determine theprescriptive
annual energy generatigrexceptwith the rated capacityneetingthe requirements of Section
10.5.1.1. Where more than one type of-eite renewable energy systemsdpecified the total
capacities shall be allocated in the same proportion as in the proposed désigronsite
renewable energy systems are specifiedha proposediesignthen confirm thatprescriptive
annual energy generatioias modeled followingable 12.5.1 #15 Budget Building Design colbmn

5. If renewable energy was modeled in the whole building simulation tool, verify that savings reported
in the Compliance Form reflect simulation results based on the simulation reports referenced
check REQ3
Projects often model renewable energy using external calculations.

Exceptional Calculations (EC)

EC Review Checks Overview

This group of quality control checiauseson verifying calculations performed outside of the whole
building simulation tool. The checks only apply to projects that include such calculations.

ECO01Documentation submitted for each exceptional calculation method reported in the
Compliance Form meets 90.1 requirements.

90.1 2016and 20192022 ECB

Section 11.4.812.4.5

When the simulation program does not model a design, material, or device in the proposed design, an
exceptional calculation method must be used. Where there are multiple designs, materials, or devices
that the simulation program does not model, each mustdalculatedseparately and exceptional

savings determined for eacfihe following documentation must beubmittedfor each exceptional
calculation method

a ¢CKS2NBGOAOFt YR SYLANROLFf AYyT2N)YI-liystepy GSNATFEAY3
documentation of the exceptional calculation method performed, detailed enough to reproduce the
results.

b. Copies of all spreadsheets used to perform the calculations.

c. A sensitivity analysis of energy consumption when each of the input parameters that are estimated
is varied from half to double the value assumed.

90.1 20162019, and 202Z°PRM

SectionG2.5

When the simulation program does not model a design, material, or device in the proposed design, an
exceptional calculation method must be used. Where there are multiple designs, materials, or devices
that the simulation program does not model, each mustdalculated separately, and exceptional

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 209



savings determined for eaciihe following documentation must bgubmitted for each exceptional
calculation method:

a. Stepby-step documentation of the exceptional calculation method performed, detailed enough to
reproduce the results.
Copies of all spreadsheets used to perform the calculations.

c. A sensitivity analysis of energy consumption when each of the input parameters is varied from half
to double the value assumed.

d. The calculations must be performed on a tistep basis consistent with the simulation program
used.

Review Tip
1. Exceptional calculations are listed in Table 1 of the Exceptional Calculations tab of the Compliance
Form.Prioritize review of exceptional calculations that are expected to generate the greatest
savings based on the information provided in Table 2 of the tab.
2. Refer to Submittal Checklist #35 for the list of files and documents substantiating the exceptional
calculations. Locate the material and confirm that the provided details &@dt requirements
guoted above for each exceptional calculation.
3. Common mistakes
a. Submittal includes screenshots or printouts of the calculations but not the spreadsheet files
where formulas can be examined.
b. Savings are estimated using proprietagjculatorsfrom the vendor of specified system and
equipment.
c. Calculation methodology not based on paeriewed reference or fundamental principles
of physics or thermodynamics.
d. The whole building simulation tool used on the project must be able to explicitly model all
systems and components of the baselimgdget design (Section G2.2.1 Bection
11.4.1.712.4.1.1h), thus exceptional calculations may only apply to the proposed design.

ECO02 Calculation methodology is acceptable and inputs reflect specified systems and
equipment

90.1 20162019, and 2022The Energy Cost Budget and Performance Rating Methods

90.1 Sections 11.4.8.2.4.5in 90.1 2022)G2.5

Eachexceptional calculatiois subject to approval by the authority having jurisdiction or rating
authority.

Review Tip.

1. The Energy Cost Budget and Performance Rating Metleogsre that all building systems and
equipment are modeled identically in the baseline/budget and proposed desigept when
specifically allowed to be different (see Table 11.5.1 N©215.1 No 1 in 90.1 202ahd Table G3.1
No 1. Confirm that system or equipment that is the subject of exceptional calculation method is an
allowed tradeoff opportunity.

2. Verifymethodology used fothe exceptional calculatiomethodsto confirm that it isacceptable.
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3. Confirm that calculation inputs reflect properties of the relevant systems and equipment specified in
the design documents.

4. Ensure that operating conditions assumptions and other inputs not inherent in system design are
conservative and do not exaggerate savings.

5. Verify that applicable intectiveeffects are accounted for.

EC@® Contribution of exceptional calculations toward compliance does not exceed the
allowed limits

90.1 20162019, and 2022ECB

There is ndimit onthe contribution of savings documented via exceptional calculations toward
compliance.

90.1 20162019and 2022PRM

Section G2.5When the simulation program does not model a design, material, or deg®eciated

with the proposed design, an approved exceptional calculation method may be Tisedotal

Exceptional Savings must not account for more than half of the difference between the baseline building
performance and the proposed building performance.

Review Tips

1. The required cap is automatically accounted for in the Compliance Calculations tab of the
Compliance Form based on the compliance path followed by the project.

2. Even thoughihe ECRloes not limit contribution of exceptional calculations toward compliance, the
AHJ may choose to limit contribution of exceptional calculations towards-wédesince such
calculations often involve thouse spreadsheets developed by the Permit Apptiead are not
peer-reviewed, or based on savings estimates by the vendor of the system and component being
specified.

3. ExampleEC03

Q: The modeled baseline energy cost is $100,000 and the modeled proposed energy cost is $92,000.
In addition, the submittal includes9$000 savings from a ventilated facade which could not be

modeled in the simulation tool. The savings were determined using exceptional calculations and
documented as required in 90.1 Section G2.5. What proposed building performance should be used
to calcuate PRM compliance following 90.1 Section G1.2.27?

A: The difference between the baseline and proposed energy cost without accounting for
exceptional calculations is $100,8802,000=$8,000. The savings from exceptional calculations are
greater than $8,000*0.5=%$4,000, thus the allowed contribution of theeptional calculations

toward savings is capped at $4,000. The proposed energy cost that must be used in the compliance
calculations is $92,0084,000=$88,000. The Performance Cost Index is equal to $88,000 /
$100,000=0.88.

A: The difference between the baseline and proposed energy cost without accounting for
exceptional calculations is $100,0802,000=$8,000This means that savings from exceptional
calculations are capped at $8,000 (i.e., at $8,000 the total exceptional savings would constitute half
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of the difference between the baseline and the proposed building performanudeding the savings
from exceptional calculationshe total savings would be $16,000 if exceptional calculation savings
were $8,000. The proposed energy cost that must be used in the compliance calculations is
$92,000$8,000=$81,000. The Performance Cost Index is equalBi4®0 / $100,000=64.

90.1 2022 SectionG3.3PerformanceCalculations for Other Alterations

90.1 2022 Performance Rating Method

Section G3.3 Performance Calculations for Other Alteratioras added to 90.1 in 90.1 2022. It

specifies that where an alteration does not m&e.1 Sectiors3.14a andis therefore required to

follow Section G3.3, the baseline building systems and equipment in the scope of the retrofit should be
modeled at efficiency levels meeting the mandatory and prescriptive requirements in Section 5 through
10 and as described ire&ion G3.3.2. All other baseline systems and equipment shall be modeled the
same as ithe proposed desigri-or reference Section G3.1.4 language is provided directly below.

G3.1.4 Alterations The simulation model for calculating the proposed building performance and
baseline building performance for alterations, excluding additions, shall be developed in accordance
with the applicable subparagraph (a) or (b).

a. In accordance with Section G3.2 for alterations that include replacement of two or more of the
following:
1. HVAC systems that account for more than 50% of the capacity serving either the heating or
cooling loads of the alteration area. This includes HVAC unitary systems, HVAC terminal units, or
components of HVAC central heating or cooling equipment. HVA@n&runits, for the
purposes of this section, can include VAV boxescénunits, VRF room units, or watierop
heat pumps;
2. 50% or more of the luminaires in the alteration area;
3. 25% or more of the building envelope area of the alteration portion of the building, including
new exterior cladding, fenestration, or insulation.
b. In accordance with Section G3.3 for all other alterations.

Examplel

Question: A project is replacing a chiller that accounts for 75% of the project alterationcotag

capacity and is replacing 80% of the luminaires in the alteration area, would the project be required to
following G3.2 or G3.3?

Answer: G2 because it meets the criteria associated with both G3.1.4a #1 and #2.

G3.1.4a #hpplies to the cooling OR heating capacity and because the chiller serves more than 50% of
the cooling capacity associated with the alteration area cooling ldaglproject meets #1.

The project is replacing 50% or more of thminairesin the alteration area so it meets #2.

Example 2
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Question: A project isnlyreplacing a chiller that accounts for 75% of the project alteration area cooling

capacity, would the project be required to following G3.2 or G3.3?

Answer: G3.3 because it only meets the criteria associated with G3.1.Za #&required tofollow
G3.2 the project would need to meet two or more of the scenarios described in G&414aand it

only meets one

Example3

Question: A project is replacing a chiller that accounts for 75% of the project alteration area cooling

capacity and is replacing 50% of lumiea in 25% of the alteration area covered by the chiller
replacement, would the project be required to following G3.2 or G3.3?

Answer: G3.3 because it only meets the criteria associated with G3.1.Za #&required to follow
G3.2 the project would need to meet two or more of the scenarios described in G3.1.4a #hé
reason the project does not me&3.1.4a £ is becaus¢he luminairereplacement only applies to 25%
of the alteration areao it does not meet the criteria @50% or more luminaire replacement in the

alteration area

Thefigure below is a flowcharto assist withdetermining the baseline requirement for alterations

following 90.22022 Section G3.3.

Refer to 90.1 Sections G3.3.2.2
through G3.3.2.9 for specific
baseline modeling requirements for VS m—C
the type of
system/component/feature.

Start with a component/
system/feature

4

~"Is the component/’
system/feature
being modified as
part of the
alteration?

Model the baseline for the
system/component/feature
following the requirements in the
applicable section in sections
G3.3.2.2 through G3.3.2.9

-

system/component/feature type

Envelope: Section 5.1.4

HVAC and refrigeration: Section 6.1.4
Service water heating: Section 7.1.4
Power systems: Section 8.1.4
Interior lighting: Section 9.1.1.3.1
Exterior lighting: Section 9.1.1.3.2

Section 10.1.4

|

Are the baseline
requirements for the
system/component/feature
covered by these

~_  sections?

_

—

Navigate to the applicable section in 90.1 Sections 5-10
Below are the appropriate sections based on the

Motors, elevators, SWH booster systems, escalators, etc

Model identically in

D e— || —  the Daseline and

proposed

Model identically in the
baseline and proposed

Are there specific
requirements based on
the scope of the retrofit for
the
component/system/feature
in the section? £

Model the baseline
minimally compliant with the
mandatory and/or
mVes==pi  prescriptive requirements
associated with the section
for the component/
system/feature
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Theinstructions for filling out the&Compliancéd-ormwhen following G3.3 aras follows:

Submit supplementary documentation where modeled values and assumptions cannot be captured
using the methods described in the bullets below. Some examples include baseline HVAC system
capacities and modeled baseline efficiency values with fan energy tedrac

9 Forprojects with no new construction building area ithe project (i.e., project only includes
floor area subject to G3.3)The project only needs to fill out the tabs and tables associated with
proposed design inputs. The baseline tabs/tables do not need to be filled out because the 90.1
Section 5 to 10 prescriptive/mandatory requirements generally aadpulate on the tabs ah
in tables with proposed design inpuBecausesection G3.3 requires that baseline building
systems and equipment in the scopetloé retrofit be modeled at efficiency levels meeting the
mandatory and prescriptive requirements in Section 5 througlit hfeans that theproposed
tables will show both proposed and baseline model inpHiswever,care should be takehy
projects when establishing required model inpbecause some Section 5 through 10
prescriptive/mandatory requirements are different for new construction versus alterations and
auto populated values in the Compliance Form assume new construction. To address this,
projectsare instructed tgprovide an explanation afthat inputs values were modeléd the
notes sections below relevant Compliance Form tablestamdake manual overrides of
prescriptive/mandatory requiremeniswhere allowed an@s neededto document compliance
with the modeling requirements of Section G3.3.

1 For projects with a combination of new construction and alterations following GF8ojects
are instructed tgprovide a comment in the relevant notes sections under tables in the
Compliancd=orm indicatingvhich components/systems were modeled in the baseline
following Section G3.3 and what inputs values were modeled.

Review tipgor conductingspecificreview checks for projects following 90.1 Section G3.3 are described
below.

Review Tips
Generalrequirement: all systems and components not included in the scope of the alteration should be
modeled identically in the baseline and proposed.

1. SG16P, SG11P, SG12-P, SG13-P, SG14P, SG15P, SG16P, SG17P, SG18P, SG19P. The
benchmarks for the proposed designs are selected in Table 4 of the Energy Performance Summary
tab of the Compliance Form. The default benchmarks are set based on DOE/PNNL prototype
models®(the prototype models) as described below.
a. Proposed design documenting minimum code compliance: the prototype model of the
appropriate building type and climate zone, compliant with the same edition of 90.1.
b. Proposed design documenting performance above code: the prototype model of the
appropriate building type and climate zone, compliant with 90.1 2019.
c. For mixed use buildings, the benchmark energy use is calculated as anegtded
average.
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A note of caution for projects that include alteratiosisbject t090.1SectionG3.3 Because
alterations following0.1Section G3.3 are minor alterations, and many systems and
components may be modeled with existing conditiomshe proposeder the requirements
of 90.1G3.3.1b, the project may significantly exceed benchmark values for end uses not
affected by the scope of the alteration

2. SG16B,SG11B, SG12-B,SG13B, SG14B, SG15B, SG16B, SG17B, SG18B, SG19B. The
benchmarks for the proposed designs are selected in Table 4 of the Energy Performance Summary
tab of the Compliance Form. The default benchmarks for projects following the PRM baseline are set
based on DOE/PNNL prototype mod&(the prototype models) using thappropriate building type
and climate zone, compliant with 90.1 20®r mixed use buildings, the benchmark energy use is
calculated as an areaeighted average.

Cautionary note for projects involving alterations followB@1 Section G3.3: Whereviewing
projects withalterations followingd0.1{ SO A2y Do®do>X HKAOK I N6 o6& RSTFA)
important to consider that many systems and componesii be modeled with existing conditions
in the baseline and proposedodelsdue to the requirements d0.1G3.3.1k(i.e., systems and
equipment excluded from the scope of retrofit shadl modeled aseflectingthe existing conditions
in the baseline and proposed modelén the other hand, for systems and components included in
the scope of the retrofit90.1Section G3.3.2.6equiresthat the baselinédbe modeledat efficiency
levels that align with the mandatory and prescriptive requirements in Sections 5 through 10.
Consequently, the default benchmark may not be an appropriate comparisthddaseline
resultssince the90.1 Section G3.8ules deviant significantly from the logic used to create the
prototype modelsminimally compliant with 90.1 2004

Depending on the relative square footage of the alteration building area following Section G3.3
compared to the total square footage, the benchmark source can be modified in Table 4 on the
Energy Performance Summary tab to a more appropriate selectiomxaonple, if the entire

project is an alteration following Section G3.3 than a more appropriate benchmark for the baseline
may be the version of 90.1 that the project is subject to sirystesns and components included in

the scope of the retrofiare modeled at efficiency levels that align with the mandatory and
prescriptive requirements in Sections 5 through 10

3. BEOB5B. Baselineopaque thermal propertiewill automaticallypopulatein the Compliance Form
based on project climate zone and space conditioning cateijofy G KS a! { I w! 9 t NBEa ONA
w S |j dzA NB Y S yritée EQveldpelAfess tab Tablel. Examine the notes field under the table
for additional clarifications and explanations as to what was modeled be@$&ection 5.1.4
includes exceptions to the requirements to comply with the auto populated prescriptive
requirements.
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=] =] 7] B
ASHRAE 90.1 Prescriptive
Proposed Design Baseline Design i
Buildin
Modeled Construction | V2% EXISting | Building Area Type (for — 8 H 2
lodeles onstruction nvelope i
m— to Remain, or | Appendix G Projects Only, | Orientation Condltio:ing / Assembly U/F/c- uttot (Mtly s::phes Solar Assembly U/F/C- Solar
Retrofitted | 90.1Section G3.1.1-1) p— i m—— ///// Factor (Populates| °rz°’;s I’t” ':’”5 Reflectance/ | Factorpers0.1 | Reflectance/
ans / Specs
L, = i udearfieldtor b'”,ﬁf’ altera 't:"t Thermal Tables5.5-1 Thermal
AGWSs) uiiding areas tha Emittance through 5.5-8 Emittance
donot not meet
G3.1.4a)
SOGFL New Other Horizontal Residential 8,436 A301 7 F-0.73 n/a n/a F-0.52 n/a
AGW1 New Other North Residential 3,606 A-301 U-0.064 0.100 0.25/0.9 U-0.064 n/a
AGW1 New Other East Residential 9,881 A-301 U-0.082 0.100 0.25/0.9 U-0.064 n/a
AGW1 New Other south Residential 3,606 A-301 U-0.062 0.100 0.25/0.9 U-0.064 n/a
AGW1 New Other west Residential 9,881 A-301 U-0.061 0.100 0.25/0.9 U-0.064 n/a
AGW2 New Retail (stand alone) North Nonresidential 2,498 A-302 U-0.124 0.100 0.25/0.9 U-0.064 n/a
AGW2 New Retail (stand alone) East Nonresidential 2,736 A-302 U-0.124 0.100 0.25/0.9 U-0.064 n/a
AGW2 New Retail (stand alone) South Nonresidential 2,498 A-302 7 uoan 0.100 0.25/09 U-0.064 n/a
AGW2 New Retail (stand alane) West Nonresidential 6,530 A2 7 uoan 0.100 0.35/0.9 U-0.064 n/a
- . . —~ . S e — — vz PR T P PR B

4. BE15B. Baseline fenestration {hctor, SHGC and Will automaticallypopulatein the Compliance
Form based on project climate zone and space conditioning catdggry 4 KS a! { | w! 9
w S |j dzA NB Y S yniitide EQveldpelAfess tab Table 2 Examine the notes field under the
table for additional clarifications and explanations as to what was modmeduse Section 5.1.4
includes exceptions to the requirements to comply with the auto populated prescriptive
requirements.

t NB a

5. LIO3B. Baseline interior lighting is found in the following tables of the Compliance Form:

a. Table 1 on the Lighting Space Types tab shows whether the project usedmspsmace othe
building area method.

b. Baseline LPDs are shown in Table 1 of the Interior Lighting Couritstbed®©0.1 Prescriptive
group of columns. These values are set automatically by the Compliance Form based on user
provided description of the building area types and space types. Manual overrides may be
needed if requirements differ due to the alteration meeji®0.1Section 9.1.1.3b. Manual
overrides will show in a bold brown col@&xamine the last column of the table for clarifying
notes.

Spotcheck the baseline LPDs in spaces where the proposed LPD is substantially lower than the
baseline LPD (based on Table 1 of the Interior Lighting Counts tab). LPD differer@@6ver
should be flagged.

6. LIO4P. Only the lighting controls in the proposed design that exceed the minimum requirements of
90.1 Section 9.1.1.3.1 may be modeled differently in the proposed design compared to the
baseline.The credits will not auto populate correctly in Table 1 on the Interior Lighting Counts tab.
Examine the Additional Notes column on the right end of the table for clarifications regarding what
was modeled.

7. LIG-P. Mandatorylighting control requirements for each space are determined automatically and
are shown in Table 1 of the Interior Lighting Counts tab of the Compliance Form in the section
froSt SR aGpnodm al yRFEGI2NE [AIKIAY3D /[ oS NBE wSlj dzA N
explaining whats required andvhy may be needed if requirements differ due to the alteration
meeting90.1Section 9.1.1.3.1b. Examine the last column of the table for clarifying notes.

8. LIO5B. Baseline lighting contrakequirementsfor each space are determined automatically and are
shown in Table 1 of the Interior Lighting Counts tab of the Compliemeein the section labeled
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090.1 Mandatory Lighting Control Requirements (For Referén€égrifying notes explaining what
was modeled and whgnay be needed if requirements differ due to the alteration meeting Section
9.1.1.31b. Examine the last column of the table for clarifying notes.

9. LIO6B. Table 2 of the Compliance Calculations tab showsamdncident peak demand for interior
lighting. The value is taken from the simulation reports and reflects the maximum modeled interior
lighting load (kW). Peak lighting demand depends on the modeletiniggivattage, the hourly
lighting schedule, adjustments to the hourly schedule to reflect reduced runtime due to occupancy
sensors (if applicable) and modeled daylighting controls. The modeled interior lighting peak
demand may be compared to the interiaghting wattage reported on the Interior Lighting
Summary tab Tabled dpn ®m t NBa ONR LG A @S¢ FabIDA Aazaltefatons) 0 F 4 St Ay
following 90.1 Section G3.3 the coincident peak demand is expected to be lower than the total
lighting wattage eported in the Compliance Form due to occupancy sensor and daylighting
controls. A multiplier of 0.7 may be used to roughly approximate the impact of such controls on
coincident demand, as follows:

MLD prop < 0.7*TLW prop
MLDbaseline>0.7* TLWbaseline

MLD = modeled noncoincident lighting peak demand from simulation reports[kW]
TLW = total lighting wattage from Table 1 of theerior Lighting Summary tglW]

As part of this check, it is also helpful to verify that the 4voincident lighting peak demand
reported in the Compliance Calculations tab Table 2 matches simulation reports.

10. LIO8B, LIO&P. For alterations subject to 90.1 2022 Section G3.3, the credits will not auto populate
correctly in Table 1 on the Interior Lighting Counts tab since credit can only be modeled when
projects exceed the minimum requirements3.1Section 9.1.1.3. Examine the Additional Notes
column on the right end of the table for clarifications regarding what was modeled.

11. LEOIB. The laselineexteriorlightingpowerfor eachexterior lighting applicatiomre determined
automatically and are shown in Table 1 of teteriorLighting Counts tab of the Compliance Form
Ay (GKS &S00 Arglividudl Lightd Power Allanandev{WattClarifying notes explaining
what was modeled and why may be needed if requirements differ due to the alteration meeting
90.1Section 9.1.1.2b. Examine thé\otes field under Table fbr clarifying notes.

12. LEOQ2P. The review tips in the main section can be followed, howeuarifging notes explaining
what is required and why may be needed if requirements difi@m auto populated valuedue to
the alteration meeting0.1Section 9.1.1.2b. Examine thé&lotes sectiongor clarifying notes.

13. LEO3B. The modeled baseline exterior lighting wattage must reflect the values reported in Table 2
of the Exterior Lighting tab y  TiokalSExtérior Lighting Power Allowance, per 90.1 Table-2.4.2
Exempt [Wattf O 2 fCtm¥fyyhgnotes explaining what was modeled and why may be needed if
requirements differ due to the alteration meetirgi).1Section 9.1.1.3.2b. Examine the Notes field
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under Table for clarifying notes.
Table 2: Exterior Lighting Summary

Instructions

1. The table shows the modeling inputs for exterior lighting.
2. The same schedules reflecting the mandatory exterior lighting controls are to be modeled in the
baseline/budget and proposed design models.

?
Proposed Design J . :
. . . Total Exterior % Savings of
Lighting Power Baseline Design o .
. : : . Lighting Power | Proposed Design
Type including Exempt [Watt] including X
. . Allowance, per Relative to
Lighting Exempt Lighting
[Watt] 90.1 Table 9.4.2-2 Allowance
+ Exempt [Watt]
Total Tradeable 250 1,000 500 I 50.0%
Total Non-tradeable - - - -
Base Site Allowance - - 280 -
Total 250 1,000 780 67.9%
> == Lighting Space Types Interior Lighting Counts Interior Lighting Summary  Exterior Lighting  ventil

14. PPOOSB. Energy use of the regulated refrigerators and freezers in the baseline design is
established automatically in Table 3 of the Plug, Process and Other Loads tab. However, the
calculations are based on the characteristic of the corresponding proposed uaitedpn Table 3
below, thus the related inputs should be verified. Croseck information provided in the
Compliance Form to design documents for a sample of units focusing on the units that account for
largest difference between baseline and proposedide accounting for unit quantity. Reference
to appropriate design documents where each unit is described must be provided in the last column
of Table 3. If details that must be captured in Table 3 are not available in the design documents,
request equipmat cutsheets or manufacturer literatur@he baseline kwWh/day value will be
shown in the "ASHRAE 90.1 2022 Prescriptive Requirement kwh/Day/Unit" csilurerthe
baseline is required to be modeled as minimally compliant with Sectigmd@mnine the Notes field
underthe Table for clarifying notes.

Table 3: Regulated Commercial Refrigerators & Freezers
Instructions
Select a Compliance Path on the General Information tab to populate table instructions.

B
Equipment | V, ft® or TDA,
Classification 2

2|
Enter V, ft®
or TDA, ft*

ASHRAE 90.1 -
2022
Prescriptive
Requirement
kWh/Day/Unit

Equipment Tag
from Design
Documents (If
Available)

Baseline
Design
kWh/Day per
Unit

Proposed
kWh/Day per
Unit

Condensing Unit Rating

Temperature

Equipment Category Equipment Family Qty of Units

Configuration

Self-Contained C and C¢
Freezers With and Without Doors

ial | Semivertical Open

(sv0) Self-Contained (SC)

38F (Medium) REF12 SV0.SC.M TDA 250 3 320.0 562.09 429.59

Table 9 on the Plug, Process and Other Loads tab includes information aboirt wadter and
freezer equipmentSimilar toabove aosscheck information provided in the Compliance Form to
design documents for a sample of units

15. PPOB. Since regulated refrigerators and freezers are rated in kWh/day, annual energy use

reported in Table 2 of the Compliance Calculations tab, should be equal to the sumproduct of the
"ASHRAE 90.1 2022 Prescriptive Requirement kWh/Day/UnitR G KS aviae 2F | yAlaé
Table 3. Discrepancies should be flaggedmine the Notes field under the Table for clarifying

notes.
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16. SWHO02B. Baseline SWHSs arequired to bemodeled with the same system types as specified in
the proposed desigandas meeting Section .4. Table 1 on the Service Water Heating $alows
the SWHs specified in the proposed design médglR Ay G KS a! {1 w! 9

0GASHRAE 90.1 Maximum StandLoss columnsthe minimum efficiency requirements of Section
7.1.4 autopopulateDefault values ovewritten by the modeler are shown in brown bold font in
the table and should be verified by reviewExxamine the Notes field under the Table for clarifying
notes.

er and cantrols consistent

the design documents.

fficiency requirements if no value autopopulates. See Table 7.8 {Table 7.4-1 for 90.1 2022) footnote g for further information,

H 2] 2] H 2] 2] 2] 2] ] L]

Number of
ASHRAE 90.1
Design Drawing | Plans/Specs Identical Water | EnergySource | Equipment Type Subcatagory or Rating Condition Ef.Units | RatedEf. | by Loss[SL, | AsHRAE90.1

llllll Eff.
Water Heater Heaters [ Btu/h] Hester [gall B/l | Maximum
Name Stand-by Loss

Modeled Water
Heater Name

Building Area Nameplate Input | Rated Heater
erved

Rate perHeater | Volume per

hn dm

SWH_1

SWH_2

SWH-1

SWH-2

P-104

P-104

Multifamily

Retail

3

1

Natural Gas

Electricity

Gas storage water
heaters
Electric water
heaters

359,000

37352

100

80

>105,000 Btu/h, <4000 (Btu/h)/gal

12 kW, <4000 [Btu/h)/gal, >55 gal and <100 gal, Low DP.

Bt

UEF

96%

2.00

80%

1.96

1,598 btu/h

n/a

Add Row

Delete Row

aiy

Describe hot water pre-heat system None

Nates
Please include applicable notes as nesded

» =  Proposed HVAC  Baseline HVAC PRM  Service Water Heating  Plug, Process and Other Loads ~ Renewable Energy | Results from eQuest | | Compliance Calculstions | Energy Performance Summary  Quality Control == P —

17. AHVACO®. Baseline HVAC system types are reported in Table 1a étdipesed HVAC tasince
the baseline HVAC system type is required to be moddledame as theroposed design with
the exception that if the proposed design includes variable refrigerant flow heat pumps or-single
zone systems with electric resistance heat, then air source heat pumps shall be used in the baseline
design Spotcheck to confirm that the baseline systdypeswere established correctly based on
this exception Examine the Notes field under the Table for clarifying notes.

18. AHVACOB. Assess heating, cooling, fan, and pump savings in Table 1 on the Energy Performance
Summary tab. If savings appear greater than expected based upapduodiedefficiency of the
proposed design systems and equipmérd., there are few systems and components that impact
HVAC that exceed the minimum requirements in Sectth8, yet the project is showing
significant savingghen check the supplementalocumentation showing the modeled baseline
capacitieausingreview tips #2 under Review Tig€ECB and#4 under Review TigsPRM under
AHVACOB.

19. AHVACO®. Heating and cooling system efficiencies are reported in Table 1a é&frtposed HVAC
tabinthea ! { | w! 9 dndm aAyAYdzy !ahdiage afgpopuaEdibasddiosy Oe¢ O2
user inputs irupstreamcolumrs for heating and coolingAny overwritten defaults which are
shown in brown font should be confirmed by the reviewer. Examine the Notes field under the
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Table for clarifying notes.

pecified Efficiency ASHRAE 90.1 Minimum Allowed Efficiency _? |
2] 2| 2] 2
Unitary Full Load | Part Load

ry Cool. Cool. Part COPnfcool| Efficiency 90.1 Ref. |Efficiency | Efficiency | 90.1Ref.

oad Eff. Eff. Units load Eff. Eff. Units ing Heating Table Cooling Cooling Table
Table 6.8.1- Table 6.8.1)

2.0 EER 14.6 IEER 4.20 80% Et - 11.0 EER 14.6 IEER -

1fa = nfa = nfa nfa nfa nfa nfa =
Table 6.8.1- Table 8.8.1

11 EER 14.6 IEER 3.90 80% Et 5 11.0EER | 14.6IEER 1

Wa - nfa - nfa nfa nfa nfa nfa -
Table 6.8.1- Table 6.8.1)

3.8 EER 12.3 IEER 3.20 81% Et - 9.5EER 12.3 IEER -

Ighting Ventilation - Multifamily Proposed HVAC Baseline HVAC PRM Service Water Heating Plug, Process

20. AHVAC18. Specified&n power is entered on the Proposed HVAC tab in Table 2a with fan system
pressure drop adjustments entered in Table 3. If the proposed design includes energy recovery but
it is not required in the baseline building design per Sesti®i.4 and.5.6 then the pressure drop
adjustment for energy recovery should be removed from Talde Bhat therequiredbaseline fan
power populate® ¢ KS G201 f &LISOATASR TITgtal SiRci€NBNA & a K29 Y
SystemPowe&r aSO0A2Yy 2F O2fdzvyyad 9FOK NRg gAOK | OSf 1
02NRSNJ aK2dZf R 6S Y2RSt SR 4gAGK (GKS O2NNBALRYRAY3
the baselinelf a red border is shown, then the baseline fan power should be capped at the BHP
AaK2 6y ASHRAER®1 Max. Allowed BHP (for referéncep 2 £ dzY'y @

Total Specified Fan System Power ﬂ ﬂ
ASHRAE
rium exhaust Press_ure Drop 90.1 Max.
- Deductions (Table BHP kW KW/CFM, Allowed
6.5.3.1-2) BHP (for
reference)
? PD [in w.c.]
4.0 3.33 0.00083
-0.6 0.5 0.42 0.00028 -
15.0 12.65 0.00087 20.02
10.0 9.1 0.00019 45.12
8.0 6.67 0.00104 10.97

ting Summary  Exterior Lighting ~ Ventilation - Multifamily ~ Proposed HVAC  Bagceline HVAC PRM ¢
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21. AHVAC1@. Refer to the Notes sections under Table 4 on the Proposed HVAC tab for baseline
modeling inputs foalterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterations).

22. AHVACI1B. Refer to the Notes sections under TaBkon the Proposed HVAC tab for baseliae
curvesfor alterations subject to 90.1 2022 Section G3.3 (i.e., Minor alterati¢ias).curves should
be modeled based othe minimum requirements of 90.1 Section 6.1.4

23. AHVACI18B.P Refer to Tabl& on the Proposed HVAC taind the Notes section under the table
for modeled baseline fan power and confirm thaisitgenerally consistent with necoincident
peak demand reported in the Compliance Calculations tab Table 2 for both baseline and proposed
designs.

24. AHVAC2B. Refer to Table 4 on the Proposed HVAC tab for baseline requirements$aeaair
economizersNote that unless th scope of the alteration includéise installation of a new cooling
system to serve previously uncooled spacegeonomizer is likely not required to be modeled in
the baseline because 90.1 Section 6.5.1 is not included under 90.1 Section. @damihe the
Notes field under the Table for clarifyingnotesy R G KS WIOEOSLIiA2ya (2 c dpodm
applicable exceptions.

Table 4: Air-side HVAC - Economizer, Demand Control Ventilation, Exhaust Air Energy Recovery and Controls
Instructions

1. The table includes a row for each air-side HYAC system entered in Table 1.
2. The ancillary features and controls of the specified HVAC systems described in this table must be reflected in the proposed design model.

Freeze Panes
Air-Side Economizer Demand Control Ventilation {DCV)
ﬂ Prescriptive Requirements ﬂ Min. Floor Area
ft~2 in which
pers0.1 6.5.1 Design Occ. Occupant DCVI'M: 'Crd -
isRe L
Modeled System Name ) . 5 ﬂ Density for Outdoor q
. High-Limit | Req'dper - . ; per 6.4.3.8. t
Economizer Type Shutoff - DCV Specified? Ventilation, Airflow (Populates only| Bxc
SHL Bl [people/1000 | Component, P ¥
{Assurnes Exceptions ) [cfm/1000 ) after EAER
Outside to 6.5.1, If columns are
Location) Any filled out.)

Fixed dry-bulb (DB) i
Cor_5ys 65 Yes No 5 0 Mot Reguired
temperature (T}

UH_HW None n/a MNo MNo 5 0 Not Required

) Fixed dry-bulb (DB)
Retail_Sys 65 Yes Yes 15 113 200
- temperature (T)

Apt_Sys None n/a No No 10 0 Not Required

DOAS_Sys None n/a Yes No 10 0 Mot Reguired

[ Aoplicable drawing plans/spec referencels) for populating Table 4|M-104 |
> Interior Lighting Counts Interior Lighting Summary Exterior Lighting Ventilation - Multifamily Proposed HVAC Baseline HVAC PRM Sen

25. AHVAC23. Refer to the Notes section under Table 2a on the Proposed HVAC tab for clarifying
notes regarding the OA ®Fates modeled in the baselirdesign modellf different rates are
modeled in the baseline and proposed design models the reviewer should verify that this was
requiredbased on the scope of the alteration and the language and corresponding Sections
associated with 90.1 Section 6.1.4

90.1Energy Cost Budget and Performance Rating Method Submittal Review Manual 221



26. AHVAC?28. Demandcontrol ventilation requirements applicable to each baseline HVAC system

are shown in Tablé 2 y° t NP LJ2 & S Rin.IFlaor Area 2 i whickl DGV ks Reqd

iKS

per 6.4.3.8. (Populates only after EAER columns are filled out( 2 .{ThizValues are auto
populated in the Compliance Form based on wsgecified maximum occupant density.

Overwritten defaults should be reviewed to verify that the exception referenced in the Compliance

Form is properly appliedamine the Notes field under th@ble for clarifying note€0.1Section
6.1.41 only requires DCMor singlezone equipmentlf the alteration includes the installi@in of a
new cooling system to serve previously uncoaedcesthenit is subject to 90.1 Section 6.124.

andthe baseline should be modeled as minimally compliant with all mandatory and prescriptive

requirements in 90.1 Section 6 including 90.1 Sediidn3.8 for all equipment types

Table 4: Air-side HVAC - Economizer, Demand Control Ventilation, Exhaust Air Energy Recovery and Controls

Instructions

1. The table includes a row for each air-side HVAC system entered in Table 1.
2. The ancillary features and controls of the specified HVAC systems described in this table must be reflected in the proposed design model.

Freeze Panes

Air-Side Economizer

Demand Control Ventilation (DCV)

ﬂ Prescriptive Requirements| ﬂ Min. Floor Area ﬂ
P .
AL il Design Occ. | Occupant f[;ci{'_" :’h':‘ 501 Sects
15 Re . ecuon
Modeled System Name ) o E ﬂ Density for Outdoor q
_ High-Limit Req'd per . o ) per6.4.3.8. 6.4.3.8
Economizer Type <hutoft DCV Specified? Ventilation, Airflow Bl ol @ . i
ke 90.1 6.5.12 [people/1000  Component, ( 0';: a::;n ¥ X(:::)\IOHS,
i after n
[Assuf‘nes Exceptions e [cfm//1000 7] Y
Outside t06.5.1, If columns are
Location) Any filled out.)
Fixed dry-bulb (DB) )
Cor_Sys 65 Yes No 5 0 Not Required Re
temperature (T)
UH_HW None nfa No No 5 0 Not Required
) Fixed dry-bulb (DB)
Retail_Sys 65 Yes Yes 15 113 800 Re
temperature (T)
Apt_Sys None nfa No No 10 o Not Required
DOAS_Sys None nfa Yes No 10 0 Not Required Re
Applicable drawing plans/spec reference(s) for populating Table 4 M-104
Alntne
L= Interior Lighting Counts Interior Lighting Summary Exterior Lighting Ventilation - Multifamily Proposed HVAC Baseline HVAC PRM Service Water Heat

27. AHVAC2B. The systems and equipment included in the scope of retrofit for alteragabgect to

90.12022Section G3.arelikelyrequired to model exhaust air energy recovéatgntically in the
baseline and proposed. This is because 90.1 Section 6.1.4.1 does not include a reference to 90.1

Section 6.5.6the section thaset requirements foExhaust Air Energy Recovetpwever, if the

alteration includes theénstallation of a new cooling system to serve previously uncosteaes,
then the baseline should be modeled as minimally compliant with all mandatory and prescriptive

requirements in 90.1 Section 6 including 90.1 Sectior66Eamine the Notes section und€able

4 on the Proposed HVAC tab for clarifying n@sso what was modeled and why in the baseline
28. WHVACOB. Minimumefficieng requirementsare reported in Tabléa on the Proposed HVAC tab
a Ay A Y dzyand (AIHRAEAS. Y NDrémui@ dzt €

%

iKS

Gl {1 w!o9

dhn dm

EfficiencyPartLoad Path A/PathéBolumrsand are autepopulated based on user inputs in

upstream columns. Any ovavritten defaults which are shown in brown fonshould be confirmed
by the reviewer.The baseline chillers are ausized, and the resultant chiller capacity will likely
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differ from the proposed and may put the systems in a different efficiency bracket in Table36.8.1
compared to the proposed. In this case, the auto populated efficiency values would not be accurate
since the proposed capacity is entered in TableEB@amine the Notes field under thable for

clarifying notesas to what was modeled in the baseline design model and for the capacity of the
baseline chillers

Chiller

¥ ?
Drawing 7] | 2|

Efficiency Units
System | L A Number of Total 0 h'e; s l' Fullload | Part Load Efficiency [ ASHRAE90.1 ASHRAE 90.1 e CHW L Basis of Modeled Performance
WlerType | Loncenser I¥P® | chillers  Capacity ton) © o o Efficiency 1PLV Minimum Efficiency.  Minimum - =i

Full Load Path Efficiency Part
AfPath B Load Path A/Path B

Curves

C1,C2 cr1 Screw Air-cooled 2 110 EER 10.5 13.8 10.100/9.700 13.700/15.800 CHW_Loop Manufacturer data

29.

30.

31.

32.

WHVACS8-B. Chilled water loop proposed design parameters are entarelchble5a on the

Proposed HVAC taBxamine the Notes field under thable for notesegardingwhat was

modeled in the baseline design mod€&he baseline and proposed desigop configuration and
temperature controlshould be modeled the sam®ecause 90.1 Section 6.1.4.1 does not include
any relevant references to sections thartain toloop design parameterand controls Exception:

if the alteration includes thénstallation of a new cooling system to serve previously uncooled
spacesthenit is subject to 90.1 Section 6.122andthe baseline should be modeled as minimally
compliant with all mandatory and prescriptive requirements in 90.1 Sectionléding all those

that relate to chilled water systenmand controls

WHVACO®. Chilled water pump proposed design parameters are entardthble5a onthe

Proposed HVAC taBxamine the Notes field under thable for notesegardingwhat was

modeled in the baseline design mod8kction 10.1.4, which is applicable to alterations, includes
minimum motor efficiency requirements that should be modeled for the pump motors in the
baseline.

WHVAC14B. Proposed heat rejection systems are entered in Table 6a on the Proposed HVAC tab.
The same heat rejection system type should be modeled in the baseline and propasatine

the Notes field under the table for notes as to what was modeled in the baseline design model.
Baselinesystem parametershould be modeleds minimally complianvith Table 6.8.47 and

Section 6.5.5.2 which includes requirements for fan speed cantrol

WHVAC1:B. Proposed boiler type and quantity are defined in Table 7a on the Proposed HVAC tab.
The same boiler quantity and type should be modeled in the baseline design rBodet.

efficiency shall be modeled with the minimum requirements of Table &8rilthe baseline. If the
auto-sized baseline boiler system falls into the same capacity bracket as the profusédseline
efficiency willauteLJ2 LJdzf 6§ S Ay GKS a! {1 w! 9 dndm aiyAhyYdzy
Examine the Notes field under the table for notes as to what was modeled in the baseline design
model.

Modeled Heating Plant Number of ASHRAE 90.1

Heating Plants

Drawing j ﬂ ﬂ

System " . L. Associated

Name e Type Fuel Boilers/Heat | Total Input Eff. Units Efficienc v oo )
ame(s] ; . oop
Pump Chillers | Capacity, Performance

Btu/hr Requiremen t

B 1,B.2 HP1 Boiler, HW, Condensing Natural Gas 2 3,000,000 Et 93% 80% HW_Loop

33.

WHVAC1B. Proposechot water pump parameters are defined Trable5a on the Proposed HVAC
tab. Examine the Notes field under the table for notes as to what was modeled in the baseline
design modelThe baseline and proposed desigop configuration and temperature controls
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should be modeled the same because 90.1 Section 6.1.4.1 does not include any relevant references
to sections that pertain to loop design parameters and controls. Exceptitive @iteration
includes thanstallation of a new cooling system to serve previously uncooled sphesst is
subject to 90.1 Section 6.12andthe baseline should be modeled as minimally compliant with all
mandatory and prescriptive requirements in 90.1 Sectiamcfuding all those that relate to hot
water systems and controlSection 10.1.4, which is applicable to alterations, includes minimum
motor efficiency requirements that should be modeled for the pump motors in the baseline
included in the scope of the alteration

34. WHVAC22AIl fuel types reported in the Proposed HVAC tab Table 1a or 7a should have the
corresponding modeled energy use reported for the proposed desighe Compliance
Calculations taln Table 2. All fuel types that are not listed in the abogferenced tables of the
Proposed HAC tab are expected to have no energy user reported in the Compliance Calculations
tab.
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7. Simulation Reports
Carrier HAP v5

1. Carrier HAP v5 is a licensed product. Product details available at
https://www.carrier.com/commercial/en/us/software/hvasystemdesign/hourlyanalysis
program/. Producticensingnformation available at
https://www.carrier.com/commercial/en/us/software/hvasystemdesign/softwareordering/.

2. HAP has an extensive help system. Information about report options and the content of output
reports is found in Sections 9.6 (Weather), 14.0 (System Design), 15.0 (Plant Design), and 16.0
(Energy Simulations).

3. Program operating information is found in Chapter 1 (Getting Started), Chapter 2 (Tutorials),
Chapters 3 and 4 (Example Problems), and Chapt@r@\pplications).

4. Free training videos are availablehdtps://www.carrier.com/commercial/en/us/software/hvac
systemdesign/softwaresupport/haptraining-videos

General

1. Reports can be viewed, printed, or exported. When exporting, the report must be viewed first; the

export option appears in the Report Viewer window.

Simulation Reports to Be Submitted
HAP reports providing data needed for the compliance tasks described in this manual are listed below,
arranged by subject.

A.BuildingLevel Output Reports

Al. LEED Summary Report

A2. Energy Budget by System Component

A3. Energy Budget by Energy Type

A4. Monthly Energy Use by System Component Report
A5. Billing Details Report

B.PlantLevel Output Reports

B1. (Plant) Monthly Simulation Results

C.Air-Side HVAC Systenevel Output Reports

C1. (Air System) Monthly Simulation Results Report

C2. (Air System) Hourly Simulation Results, CSV Version
C3. Air System Sizing Summary Report

C4. Zone Sizing Summary Report

C5. Ventilation Sizing Summary Report

C6. Air System Design Load Summary Report

D.Input Data Reports
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D1.
D2.
D3.
DA4.
D5.
D6.
D7.
DS8.
D9.

Building Input Data Report

Plant Input Data Report

Air System Input Data Report
Simulation Weather Summary Report,
Space Input Data

Wall Constructions Report

Roof Constructions Report

Window Constructions Report

Chiller Input Data Report

D10. Cooling Tower Input Data Report
D11. Boiler Input Data Report

D12. Electric Rate Input Data Report
D13. Fuel Rate Input Data Report

Annotated Reports
TBD
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DesignBuilder

Resources

1. The DesignBuilder software can ti@wnloadedfrom the DesignBuilder website. Licenses can be
ordered from thebuy pageof the website or by contactingales@designbuilder.co.uk

2. The DesignBuilder online help system provides detailed information on modeling for ASHRAE 90.1
compliance and certification reporting, including ABHRAE 90.1 modeling guideich can be
downloaded in pdf format.

3. Freetutorial videoson a wide range of specific topjéscluding those related to ASHRAE 90.1
modeling are available from the DesignBuilder website

General

1. The reports referred to below can be accessed from within DesignBuilder. The main sources of data
are a) EnergyPlus summary output document, b) LEED submission calculator spreadsheet, c)
simulated results and d) model input data.

2. The reports and relevant files submitted are in different format, such as html, csv, idf.

Simulation Reports to be Submitted

1. The EnergyPlus summary output documisnprovided in html format for both proposed and
rotated baseline buildings. It is broken down into various report sections. The summary document
can be viewed either from within DesignBuilder on the Summary tab of the Simulation screen or as
an .htm filein a web browser.

2. LEED Minimum Energy Performance Calculatotdsm format contains similar but more organized
data for submittal in the standard format required by LEED. This Excel file can be automatically
generated by DesignBuilder via clicking the toolbar icon shown in the screenshot below after
ASHRAE 90.insulations have been completed for both proposed and baseline buildings:

File Go Tools Help

st ngInLondon, EightThremalZones
£]

SIS
_J D 4 p ﬁf ASHRAE 90.1 Energy Consumptior

EnergyFlus Output Annual Simulation

E|---_f_J TestBuildinglnLondon -
-4 EightThremalZones r Baseline  Proposed
HVA_E Sustems r 3205807 1841594
2 Air Loop r Saving 42 55%
W Loop 3000004
; Condenser Loop
HW Loop

‘W Loop

W Loop 2

Zone Group 250000
Zone Group 2
B-5 LoweBlock
-6 Zone 1
-0 Zone 2
-6 Zone 3
-5 Zone 4
=59 UpperBlock

200000+

ansumption (KA

Fmn

3. EnergyPlus input (.idf) files for both proposed and baseline buildings. Idf files can be viewed in a text

editor such as notepad.
4. EnergyPlus simulated results file (.eso). These are most easily viewed through the freely available
DesignBuilder ResultsViewer application which can be downloaded from the DesignBuilder website.
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Annotated Reports

EnergyPlus Output Summary Document (eplustbl_P000.htm or eplustbl_Bxxx.htm,
xxx can be 000, 090, 180 or 27 0 which denote baseline rotations)
General Table ininput Verification and Results Summangport

Value

Program Version and Build

EnergyPlus, Version 8.9.0-40101eaafd, YMD=2019.11.28 14:25

RunPeriod

TESTBUILDINGINLONDON (01-01:32=12)

Weather File

LONDON/GATWICK - GBR IWEC Data WMO==037760

Latitude [deg] 51.15

Longitude [deg] -0.2

Elevation [ft] 203.42

Time Zone 0.00

North Axis Angle [deg] 0.00
Rotation for Appendix G [deg] 0.00
Hours Simulated [hrs] 8760.00

LEED Summary report

Secl.1A-General Information

Data

Weather File

TESTBUILDINGINLONDON (01-01:31-12) ** LONDON/GATWICK - GBR IWEC Data WMO==037760

Total gross floor area [ft2]

Principal Heating Source

EAp2-1. Space Usage Type

9364.73

Natural Gas

Space Area [ft2] | Regularly Occupied Area [fi2] |[Unconditioned Area [fi2] | Tyvpical Hours Week 1n Operation [hr/wk]
LOWERBLOCK:ZONE3 1110.86 1110.86 0.00 103.56
LOWERBLOCK:ZONE2 793.65 793.65 0.00 93.67
LOWERBLOCK:ZONE4 1750.10 1750.10 0.00 93.67
LOWERBLOCK:ZONE1 1250.36 1250.36 0.00 113.30
UPPERBLOCK:ZONE3 1037.30 1037.30 0.00 103.56
UPPERBLOCK:ZONE2 74461 74461 0.00 93.67
UPPERBLOCK:ZONE4 1676.534 1676.34 0.00 93.67
UPPERBLOCK:ZONE1 1201.31 1201.31 0.00 113.30
Totals 9564.73 9564.73 0.00
EAp2-2. Advisory Messages
Number of hours heating loads not met [ 17.00
Number of hours cooling loads not met| 0.00
Number of hours not met | 17.00
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Opaque Exterior

o U-Factor with Film [Bruh. | UFactorno Film [Bruh|  GrossArea]  NetAwea]  Azimuwh]  Tik Cardinal
#2F) #2F] 152 (82 [deg]|  [deg] Disection
LOWERBLOCK-ZONE3_WALL 300 _ CZ4 NON-RES WALL STEEL-FRAMED R-13.1-R-74 (2.3-13) U- 064 (.363) 030) 0064 0068 07| 2% 000] 9000 N
LOWERBLOCK-ZONE3_WALL 4_0_0] _ CZ4 NON-RES WALL STEEL-FRAMED R.13 1-R.74 (2.3+13) U- 064 (363) 030 0064 0068 3462 20775 27000] 9000 W
LOWERBLOCK ZONE2_WALL 2.0.0|  CZ4 NON-RES WALL STEEL-FRAMED R-13 1-R-74 (2 3+13) U- 064 (363) 030, [ 0088 I s000] 9000 E
LOWERBLOCK-ZONE2_WALL_ CZ4 NON-RES WALL STEEL-FRAMED R-13.1+R-74 (2.3+13) U-064 (363) 030 0,064 0.068 30226] 18136 000] %000 N
LOWERBLOCK ZONE4_WALL - CZ1 NON-RES WALL STEEL FRAMED R-13 1+R-74 (2 3+13) U- 064 (365) 030 0064 0068 Si5s0] 32730 27000 9000 W,
LOWERBLOCK-ZONE4_WALL 5_0_0|  CZ4 NON-RES WALL STEEL-FRAMED R-13.1-R-74 (2.3-13) U- 064 (.363) 030, 0064 0.068 30| s 1s000] 90.00 s
LOWERBLOCK ZONE1_WALL 2 00|  CZ4 NON-RES WALL STEEL FRAMED R-13 1-R7 4 (2 3-13) U- 064 ( 363) 030 0064 0068 s1530] 32730 9000 9000 E
LOWERBLOCK-ZONE]_WALL_5_0_0| _ CZ4 NON-RES WALL STEEL-FRAMED R-13 L-R74 (2.3+13) U- 064 (363) 030, 0064 0068 15136 15000] %000 s
UPPERBLOCK ZONE3_WALL CZ4 NON-RES WALL STEEL-FRAMED R-13 1=R-7 4 (2 371 3) U- 064 (363) 030, 0064 0068 2307 2338 000] %000 ~
UPPERBLOCK-ZONEI_WALL CZ4 NON-RES WALL STEEL-FRAMED R-13.1-R-74 (2.3+13) U- 064 (363) 030 0.064 0068 3625 20775]  20m] %m0 W
UPPERBLOCK ZONE3 ROOF | 0_o| €%+ NONRES ROOF INS ENTIRELY ABOVE DECK R-195CL (3.5C1) 1;107435) 030 0048 0.050 11086| 103730 18000|  0.00
UPPERBLOCKZONE2_WALL_2 00|  CZ4 NON-RES WALL STEEL-FRAMED R-13.1:R-74 (2.3+1.3) U- 064 (365), 030) 0.064 0088 M2 2077 EREED
UPPERBLOCK.ZONE2_WALL_3_0_0|  CZ4 NON-RES WALL STEEL-FRAMED R-13 1=R-7.4 (2.3-13) U- 064 (.363) 030 0064 0068 30226] 18136 000] %000 ~
UPPERBLOCK ZONE2 ROOF_|_0_o| CZ4 NONRES ROOF INS ENTIRELY ABOVE DECK R-195CL (3.5C1) ‘{'29,435) 030 0048 0.050 79365 74461 18000|  0.00
UPPERBLOCKZONE4_WALL 3_0 0|  CZ4 NON-RES WALL STEEL FRAMED R-13.1-R-7.4 (2.3-1.3) - 064 (365) 030) 0064 0.068 Sa5s0] 3730 2000] 9000 W
UPPERBLOCK:ZONE4_WALL _ CZ4 NON-RES WALL STEEL-FRAMED R-13.1+R-7.4 (2.3+1.3) U-.064 ( 365) 0.30 0.064 0.068 423.07 253.84 180.00| 90.00 s
UPPERBLOCK ZONE4_ROOF_1_0_o| ©%4 NON-RES ROOF INS ENTIRELY ABOVE DECK R-185C 1 (3.5C I)”E'Zc.',f) 030 0.048 0.050 175010 167654 15000| 000
UPPERBLOCK:ZONE1_WALL 2 00|  CZ4 NON-RES WALL STEEL-FRAMED R-13.1-R-74 (2.3-13) U-064 (.363) 030, 0064 0.068 5550 32730 9000 9000 E
UPPERBLOCK ZONEL_WALL 5.0 0|  CZ4 NON-RES WALL STEEL FRAMED R-13.1-R-7.4 (2.3-1.3) L- 064 (365), 030 0.064 0.068 30226] 18136 15000] 90.00 5
UPPERBLOCK ZONEI_ROUF_|_0_o| C4 NON-RES ROOF INS ENTIRELY ABOVE DECK R-199C L G5C1) U D18 030 0048 0050 125036 120131 15000) 000
LOWERBLOCK ZONE3_GROUNDFLOOR_0_0_0| €74 NON-RES SLAB-ON-GRADE FLOOR UNHEATED R0 (00) F-73 (1.264) 100 0.044 11086) 111086 000| 180.00
LOWERBLOCK:ZONE2_GROUNDFLOOR_0_0_0| CZ4 NON-RES SLAB-ON-GRADE FLOOR UNHEATED R-0 (0.0) F-73 (1.264) N 100 0044 793 65 79365 000| 150.00
LOWERBLOCK ZONE4_GROUNDFLOOR_0_0_o| €24 NON-RES SLAB-ON-GRADE FLOOR UNHEATED R.0 (0.0)F- 73 (1.264) 100 0.044 175000) 175010 000| 180.00
LOWERBLOCK ZONEI_GROUNDFLOOR_0_0_0| 74 NONRES SLAB-ON-GRADE FLOOR UNHEATED R0 (0.0)F-73 (12647 100 oom| 12036 125036 000| 18000
Fans
- Total Efficiency Delta] Max Air Flow Rf|  Rated Electric| || Rated Power Per Max Air Flow| Motor Heat In Ais]  Ead Devten Doy Nome for Fon Sizna Beay| Dt Tome for Fom
tal [Biuh Brub] | Pressure [psi] [3mff) Power [W] Rate [Womin i3] Fracton|  Use ko'l a Peak
SYSTEM MO 7AR LOOPAHU| - i
A s | Fan Vasiableviotume 060 006 10463 338510 032 100| Generat| WA AVA/AN @1 K0 =217 deS|gn Valueﬂ
SYSTEMNO 7AIRLOOPAHU| .. :
| FanVariableVotume 060 012 10463 676995 065 _— S reported )
Interior Lighting
zone]| [ Eiehting Power Deasity| Zone Area|  Total Pomer Ead Use St Yo Scheduled|  Hours Week > FullLoad|  RetumAur| Conditioned| Consumption
ne [Bruh-it2] [f2] [Bruh] Subcategory © Hame Hours Week [hr] 1% [br] Hours/ Week [hr] Fraction YNy [kWh]
LOWERBLOCK:ZONES | LOWERBLOCK ZONES 2412|  u0se 274633 Generat| ASHRAESO.LHVACAVAILIBIETY 12401 12228 12228 0.0000 ¥ 513206
LOWERBLOCK ZONE2 | LOWERBLOCK ZONE2 snon| 79365 296831 ASHRAE 90.1 HVAC AVAILIBILTY - 9104 §9.60 8960 00000 ¥ 4064.47
LOWERBLOCK:ZONE4 | LOWERBLOCK ZONE4 smee|  1s00|  tosser2 LIO7 SpaCd)y Space 9104 59.60 3960 0.0000 ¥ 1374779
LOWERBLOCK ZONEI | LOWERBLOCK ZONEL 33180 125036 416121 5090, 11330 1997 0.0000 Y FTEIR]
UPPERBLOCK ZONE3 | UPPERBLOCK ZONE3 24122|  103730 256445 I|ghtlng definition for P 12228 12228 0.0000 ¥ 479219
UPPERBLOCK:ZONE2 | UPPERBLOCK ZONE2 ERTITY [ PPt 78488 baseline bu||d|ng 9104 59.60 3960 0.0000 ¥ 381330,
UPPERBLOCK ZONE4| UPPERBLOCK ZONEA s7369| 167654 961507 9104 5960 5960 0.0000 ¥ 13169589
UPPERBLOCK:ZONE! | UPPERBLOCK ZONEL 3as0| 120131 399799 5090 11330 1997 0.0000 v 3053.10.
Tnterior Lighting Total 40651 936473 3888136 5095054
Zone Sensible Cooling
C"ED“":’“' D:;*' UserDesign|  Calculated | User Design bate Time Of| Thermostat Serpoit | ]:‘f":"‘: Indoor Humidity Outdoor|  Outdoor Humidiry M‘“"“ﬁ Heat Gain
gt DO LosdperAreal  DesignAir|  AirFlo Design Day Name Peak | Temperature at Peak | P ME | Rurio u Peak Load | Temperatwre at|  RaiostPeak Load | Omi®tA|  Rare from
el Een| B Flow (fmin)| [ imia] (TMESTAMP) Load [F] | DbWaterToai] | PeskLoad [F] [IbWater/IbAir] o e | D0AS Brut]
SUMMER DESIGN DAY IN
LOWERBLOCK-ZONE3| 1343238 | 1544747 1391 sea388|  654.796| TESTBUILDINGINLOxDON| s 170000 7880 7879 001048 7559 001011 185 503 000
(01013112 UL
SUMMER DESIGN DAY IN|
LOWERBLOCK ZONE2| 14769 56| 16984 99 2140 675013| 7177300 TESTBUILDINGINLONDON | |15 09:30.00 7880 7876 001264 73,09/ 001011 285 670 000
(01-01:31-12) JUL
SUMMER DESIGN DAY IN
LOWERBLOCK ZONE4| 5096082 | 5860494 3349 2332167 2681992| TESTBUILDINGINLONDON| [15 16:10:00 7880 AHVACO2thermal oto11 1085 008 000
(01:01:3112) JUL
SUMMER DESIGN DAY IN = blocks are modeled
LOWERBLOCK ZONEl| 1626648 | 1870645 1496 744418 wseost| TESTBUILDINGINLONDON| J1s 133000 oto11 106310 000
(01-01:31-12) JUL I
SUMMER DESIGN DAY IN correct Yy
UPPERBLOCK ZONE3| 1739136 2000007 1928 79s597|  s1s2s2| TESTBUILDINGINLoDON| fhs 170000 7880 01011 176393 000
(01-01:31-12) JUL
SUMMER DESIGN DAY [N
UPPERBLOCK ZONE2| 1628616 | 1872909 2515 745319 857.17| TESTBUILDINGINLONDON | RA5 14:40.00 7880 7877 001211 5096, 001011 28017 000
(01-01:31-12) JUL
SUMMER DESIGN DAY IN
UPPERBLOCK ZONE4| 5652268 | 6500108 3877| 2586700 2974705| TESTBUILDINGINLONDON| [15 16:20:00 7880 7879 000966 79.49) 001011 1030399 000
(01:01:3112) JUL
SUMMER DESIGN DAY IN
UPPERBLOCK ZONE[  1949046| 2241403 1866 s91960| 1025754 TESTRUILDINGINLONDON| |15 14:1000 7880 7880 000940 5096, ool011 102140 000
(01-01:31-12) JUL
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LEEDMinimum Energy Performance Calculator
0" AT AOAT )1 & Oi AGETT 06 OEAAOD

SGO03Weather I

LI07: Lightingpower densities for

the spaceby-spacemethod
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