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Targeted Performance: Thermal Energy
Demand Intensity (TEDI)

Relative Performance: ASHRAE 90.1
Appendix G Performance Rating Method
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Moving Energy
Efficiency Forward

We combine building science with technology
to help utility companies, program
implementers, and building performance
professionals achieve energy savings.
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Learning Objectives

List the documentation that must be submitted to code officials for projects following
performance paths of compliance.

Understand how to fill out the TEDI Compliance Tool for Targeted Performance Projects

Understand how to fill out the Compliance Form and Companion Tool for Relative
Performance Projects
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Learning Objectives Not Included

Understand MA Commercial Stretch Energy Code compliance options and their applicability
to different building occupancy types.

Understand sample envelope designs that were shown to comply with TEDI.

Detailed understanding of Massachusetts Stretch 2023 mandatory requirements.

Understand in detail the modeling requirements associated with the Targeted Performance
Path and the Relative Performance Path for MA Commercial Stretch Energy Code compliance.

These objectives are covered in the 4-hour training titled “MA Stretch Energy Code 2023 for
Commercial Buildings: Targeted Performance (TEDI) and Relative Performance (90.1 Appendix G)
Compliance Paths” and/or the 8-hour training titled “Modeling for MA Stretch TEDI and Appendix G”

This 2-hour training is focused on documentation requirements.

Documentation Requirements Applicable to
the Relative and Targeted Performance Paths

Targeted Performance Path
» General concept

* Documentation Requirements
 Filling out the TEDI Compliance Tool

Relative Performance Path
» General concept

* Documentation Requirements
 Filling out the Compliance Form
 Filling out the Comparison Tool
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Documentation
Requirements Applicable to
the Relative and Targeted
Performance Paths

Documentation Requirements Applicable to
Both Parts

» Average ventilation rate calculations (C103.2 #16)

» Relative Performance: required for projects using the Relative Performance Pathway due to
ventilation at full occupancy being greater than 0.5 CFM/sf.
Targeted Performance: required for all projects to show that minimum ventilation rates are
modeled according to the Simulation Guidelines

mass save

Modeler qualifications

Design documents . L
Checklists for confirming

compliance with
Documentation for fenestration performance (C402.4.6) mandatory requirements

Air leakage testing results (C402.5.2) are under development

Maintenance and commissioning plan (C408)

Derating calculations (C402.7)

Simulation reports
o €eQUEST: <project name>.SIM file with the complete set of simulation reports.

o Energy Plus / Open Studio: Complete set of simulation reports in the HTML format. See Annex A
for the report generation instructions.

IESVE: Room Loads Report, Zone Loads Report, Space Loads & Ventilation Report, System
Loads Report, Energy Model Output Report, Unmet Hours Report, Detailed Simulation Report




Poll Question #1

True or False: Projects following either
pathway (Relative or Targeted Performance)
must submit ventilation rate calculations.

A. True
B. False
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Targeted Performance Path

C407.1
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Topics Covered

« Pathway Overview

» Targeted Performance Path-Specific

Documentation Requirements

* General TEDI Compliance Tool features

and layout

« TEDI Compliance Tool
o Instructions
o Project Information
o Guidelines Checklist
o Compliance Calculations
o Quality Control Checks
o Submittal Checklist

» Productivity Tips

9/27/2024
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Targeted Performance Pathway Overview
Heating TEDI Cooling TEDI i
R TSl © Now compliance path
Office, fire station, library, police station, post office, Targets building envelope
town hall 2 125,000 ft* performance due to long useful
Office, fire station, library, police station, post office, 4 — 0.00002* 18 + 0.00004* life
town hall between 75,000 and 125,000 ft2 Area (ft2) Area (ft2) . o
) o ) ) Requires a whole building energy
Office, fire station, library, police station, post office, 25 29 . lati
town hall < 75,000 ft2 : simufation
K-12 School = 125,000 ft2 22 12 Must follow modeling
2.7 — 0.000004* 32 -0.00016* requirements in the Targeted
K-12 School between 75,000 and 125,000 ft2 ! .
Area (ft?) Area (ft?) Performance Simulation
K-12 School < 75,000 ft2 24 20 Guidelines
Residential multifamily and dormitory = 125,000 ft? 2.8 22 .
Residential multifamily and dormitory between 3.8 — 0.000008* 4.5 +0.00014* De5|_gns must de,monStrate
75,000 and 125,000 2 Area (ft2) Area (ft2) heating and cooling Tht_aljmal
Residential multifamily and dormitory < 75,000 f2 312 15 Energy Demand Intensities
All other = 125,000 f&2 15 23 (TEDIs) no greater than the
4-000002 18 +0.00004* Area individual limits in Table
Ll Bieh S EE O e 2D Area (ft?) (ft2) C407.1.1.5 for the appropriate
All other < 75,000 ft2 25 21 building type and size
16



Poll Question #2

How many models need to be created to
demonstrate TEDI compliance for a project
with a single building occupancy type?

A1

B. 2
C. ltdepends
D. 0

17

Documentation
Requirements

» The documentation items applicable to
both paths (see a prior slide)

» Completed COMcheck™ Envelope,
Lighting and Mechanical Compliance
Certificates, and a Plan Review
Inspection Checklist (C103.2.2)

* The items described in
ANSI/ASHRAE/IESNA 90.1-2019
Appendix G Section G1.3.2 Parts b, g,
h,i,j, k, I, n,o0,and q, and Section
G1.3.3

G1.3.2 Application Documentation

. An explanation of any error noted in the si

18

lated perfc shall be d d, and dc ion shall be submitted to

the rating authority. The information shall be submitted in a report and shall include the
following:

b. An overview of the project that includes the number of stories (above and below
grade), the typical floor size, the uses in the building (e.g.. office, cafeteria,
retail, parking, etc.), the gross area of each use, and whether each use is condi-
tioned space.

. A site plan showing all adjacent buildings and topography that may shade the

proposed huilding (with estimated height or number of stories).

. Building elevations and floor plans (schematic is acceptable).
i. A diagram showing the thermal blocks used in the computer simulation.
J. An explanation of any significant modeling assumptions.
. Backup calculations and material to support data inputs (e.g.. Ufaciors for

building envelope assemblies, NFRC ratings for fenestration, end-uses identified
in Table Gi3.1, “1. Design Model,” paragraph [a]).

. Input and output reports from the simulation program or compliance software,

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

. For any exceptional calculation methods employed, document the predicted
energy savings by energy type, the energy cost savings, a narrative explaining the
exceptional caleulation method performed, and theoretical or empirical informa-
tion supporting the accuracy of the method.

. The version of the software and the link to the website that contains the
ASHRAE Standard 140 results for the version used in accordance with Section
G2.2.4.
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TEDI Compliance
Tool Overview

* MS Excel format

* Helps establish modeling inputs using
built-in look-ups

* Includes a guidelines checklist to
make sure the model is created
correctly

* Helps establish the heating and
cooling TEDIs and the TEDI limits

* Integrated quality control checks
» Submittal checklist
» PDF report generation

* Posted on the Mass Save technical
support website

9/27/2024
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TEDI Compliance Tool Overview
Worksheets (aka “Tabs”)
* Instructions
* Project Information
* Guidelines Checklist
* Results from <BEM Tool>
» Compliance Calculations
* Quality Controls Checks
» Submittal Checklist
o Tabs should be filled out sequentially,

according to the Instructions tab

20
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Instructions

How to use the TEDI Compliance Tool
1.

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

2. Complete the Project Information tab
3.
4. Transfer simulation outputs into the

Enable macros

Review the Guidelines Checklist tab

Compliance Calculations tab

Generate Summary TEDI Compliance
Report

21

Instructions — Demo

mass save
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Instructions

How to use the TEDI Compliance Tool

1. Enable macros

2. Complete the Project Information tab
3. Review the Guidelines Checklist tab
4

. Transfer simulation outputs into the
Compliance Calculations tab

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

7. Generate Summary TEDI Compliance
Report

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

23

Project
Information Tab

Purpose:

* Report basic project information such as
simulation program, weather file used in
the energy model, building types and
areas, thermal block types and areas, and
HVAC modeling method

» Automatically generate model inputs
such as lighting power densities,
miscellaneous equipment loads, ventilation
rates, occupant densities, schedules, and
default HVAC system configurations (if
applicable)

Process:

* Use this tab before energy modeling
and before filling out any other tabs
since downstream selections depend on
the information reported here

24
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Project Information — Demo

Poll Question #3

Which of the following model inputs are
displayed once the Project Information tab
is filled out in the TEDI Compliance Tool?

A

B.

Lighting power density by thermal block
type

Miscellaneous equipment power
density by thermal block type

Occupant densities and occupant heat
gain by thermal block type

Default HVAC configurations (if
following default HVAC modeling
method)

All of the above

26
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Instructions

How to use the TEDI Compliance Tool

1.

Enable macros

2. Complete the Project Information tab
3.
4. Transfer simulation outputs into the

Review the Guidelines Checklist tab

Compliance Calculations tab

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

Generate Summary TEDI Compliance
Report

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

27

Guidelines
Checklist Tab

Purpose:

Adapts the Targeted Performance

Simulation Guidelines (Attachment C)

into a checklist format to assist the
energy modeler

Process:

Use this tab before and during energy

modeling to ensure the Simulation
Guidelines are followed

Simulation Guidelines

28

Guidelines Checklist

9/27/2024
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Guidelines Checklist —- Demo
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Instructions

How to use the TEDI Compliance Tool

1.

Enable macros

2. Complete the Project Information tab
3.
4. Transfer simulation outputs into the

Review the Guidelines Checklist tab

Compliance Calculations tab

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

Generate Summary TEDI Compliance
Report

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

30
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Compliance
Calculations Tab

Purpose:

Process:

Establish heating and cooling TEDI
targets

Report heating and cooling space and
ventilation outputs based on model results

Report modeled energy by end-use (for
QC purposes)

Report unmet load hours

Determine heating and cooling TEDI
outcomes

Use this tab after initial energy
modeling or after making changes to
the energy model

31

mass save

Compliance Calculations —

Demo
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Poll Question #4

What annual space and ventilation heating
and cooling loads should be reported in
Table 1 and Table 2 on the Compliance
Calculations tab of the TEDI Compliance
Tool?

A.  Whatever annual heating and cooling
loads result in passing heating and
cooling TEDIs

B. Annual heating and cooling loads from
the energy model’s simulation reports,
as described for the pre-approved
simulation tools in the TEDI Simulation
Guidelines

C. Annual heating and cooling load
estimates based on the building size
and equipment selections

33

Instructions

How to use the TEDI Compliance Tool
1. Enable macros

2. Complete the Project Information tab
3. Review the Guidelines Checklist tab
4

. Transfer simulation outputs into the
Compliance Calculations tab

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

7. Generate Summary TEDI Compliance
Report

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

34

9/27/2024

17



9/27/2024

Quality Control Checks Tab

Purpose:

» Automatic quality control checks based on the information
reported on the Project Information and Compliance
Calculations tabs

o Checks if the unmet load hours are below the prescribed
limit

o Checks if the modeled lighting and miscellaneous energy
consumption is reasonable

» Shows modeled energy use intensity by end-use compared to
benchmark models

Process:

* Use this tab after energy model results are reported in the
TEDI Compliance Tool

* Revisit this tab as model changes are made to address all
flagged issues

mass save

Quality Control Checks —

Demo
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Instructions

How to use the TEDI Compliance Tool
1. Enable macros

2. Complete the Project Information tab
3. Review the Guidelines Checklist tab
4

. Transfer simulation outputs into the
Compliance Calculations tab

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

7. Generate Summary TEDI Compliance
Report

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

37
Submittal
Checklist Tab
Purpose:
* Checklist format of the documentation
that must be submitted to the Authority
Having Jurisdiction (AHJ)

o The list of documentation
requirements dynamically updates
based on selections in the TEDI
Compliance Tool

Process:
« Use this tab after energy modeling and
once all flagged issues on the Quality
Control Checks tab are resolved, and
before submitting to the AHJ
38
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Submittal Checklist — Demo
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Instructions

How to use the TEDI Compliance Tool

1.

Enable macros

2. Complete the Project Information tab
3.
4. Transfer simulation outputs into the

Review the Guidelines Checklist tab

Compliance Calculations tab

5. Review Quality Control Checks tab
6. Fill out Submittal Checklist tab

. Generate Summary TEDI Compliance

Report

The Instructions tab also has
productivity tips, color legends,
acronyms/abbreviations, and links to
reference documents

40
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TEDI Compliance
Report

Purpose:

Quick PDF generation of the
completed TEDI Compliance Tool for
submittal to the AHJ

Process:

Generate the TEDI Tool Compliance
Report after the TEDI Compliance
Tool is filled out

41
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TEDI Compliance Report —

Demo

21



9/27/2024

TEDI Compliance Tool Productivity Tips

Table of Contents

General Information

Table 1: Building Areas

Table 2: Thermal Block Types and

Model Inputs

Instructions

1. Complete the Project Information ta

General Information

Project name
Energy model based on

Table 3: Default HYAC System Configuration

Project Information Help - Click on Text to Actival

Targeted Performance Simulation Guidelines, Section 4a
Projects shall use the MAStretch 2023 weather file included in

the Schedules and Loads Guidelines Supplement Package
unless permitted by the AH] to use a local weather file.

Simulation Program
Name of simulation weather file
ere external calculations used?

Notes

Please include notes as need(

Table 1: Building Areas
Instructions

1. Enter the building area types, floor afe
designed HVAC systems, should be rep|
2. Add additional rows using the "Add R

I ]

sElections on

locs date:
ersion>

s, such as th

gwls)" butto

Help buttons are located throughout
the tool

Look for

43

TEDI Compliance Tool Productivity Tips

Table of Contents

Table 1: Simulation Guidelines Checklist - Section 2
Table 2: Simulation Guidelines Checklist - Section 3
Table 3: Simulation Guidelines Checklist - Section 4
Table 4: Simulation Guidelines Checklist - Section 6
Table 5: Simulation Guidelines Checklist - Section 7
Table 6: Simulation Guidelines Checklist - Section &
Table 7: Simulation Guidelines Checklist - Section 9
imulation Guidelines Checklist - Section 10
imulation Guidelines Checklist - Section 11
: Simulation Guidelines Checklist - Section 12
mulation Guidelines Checklist - Section 13.1

mulation Guidelines Checklist - Section 13.4 Other HVAC Modeling Reguirements

: Simulation Guidelines Checklist - Section 14

Each tab has a
Table of Contents

Clicking on a link will
take you to that location
on the tab

Table 14: Si Guidelines Checklist - Section 13.4 Other HVAC Modeling
Simulation
i Guideline Complies? Required Action
The mi um ventilation flow rate shall be modeled using the OA CFM/sf rate from Tables 1-6 of

the Schedules and Loads Guidell

1341 standards by more than 135% and

forthe building use type.

Exception: The specified rate shall be modeled when both of the following applies:
a. The specified ventilation rate exceeds the minimum requirements of applicable codes and

b. The specified ventilation rate exceeds the OA CFM/sf value from Tables 1-6 of the Schedules
and Loads Guidelines Supplement for the building use type.

Minimum required outdoor air and specified ventilation rates shall be documented as described
in Section C103.2 #16.

Incorparate inta the energy model

13.4.2

Piping and ductwork | shall not be modeled.

Incorporate inta the energy model

44
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TEDI Compliance Tool Productivity Tips

Table of Contents

Table 1: Modeled inputs Energy C 0

Table 2: schedules and Loads Guideli

[Table 3: Modeled Intensity (EUI) by End-Use

This tab performs automatic quality control checks for modeled unmet loads, lighting, and miscellaneous equipment based on the information reported in Table 3 and Table 4 on the
Compliance Calculations tab and the thermal blocks reported in Table 2 on the Project Information tab. Table 3 on this tab also performs quality control checks on the modeled energy use
intensity (EUI] by end use compared to the models used to establish the TEDI targets.

Table 1: Modeled ized Inputs Energy C

There are Notes sections
throughout the tool

Modeled |
g o i o |

Table 2: Schedules and Loads Guideline Supplement Checks

2 Review Fiagaed G checka. Update the model and/or inputs i this tool s appropriat to acress the "Fail” ut g the packog
. _Review Check | Review outcome | _ Required Action These Ca.n be useq to
g, [Pensiedheneiises, Suebelett] npmeas Report the unmet load hours in Table & on the Compliance Calculations tab. communicate Spec|a|

Modeled inte lighti ti H H
5 | G ainme st st T ity | "Nihivigess: || goi e mieled 1o v on e com circumstances to the reviewer

thermal block types and areas on the Project Information tab.
Supplement. bl !

Modeled miscellaneous equipment energy.
3| consumption aligns with the Schedules and Loads | In Progress
Guideline Supplement.

Report the modeled miscellaneous equipment energy consumption on the Compl iance Calculations tab.
and report the thermal block types and areas on the Project Information tab.

Notes
Please include applicable notes as needed.

45
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Relative Performance Path

C407.2
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Topics Covered

» Pathway Overview

» Relative Performance Path-Specific Documentation
Requirements

» Compliance Form and Companion Tool Overview
* Compliance Form and Companion Tool Demonstrations:
o Basic Information and Informative tabs of Compliance Form
o Selected Component Tab in the Compliance Form: Lighting
o Selected Simulation Results
» Simulation Outputs in Compliance Form
» Data Exchange with Companion Tool
* Project Performance in Companion Tool
» Submittal Checklist in Compliance Form

Relative Performance
Pathway Overview

» Based on 90.1 2019 Appendix G
Performance Rating Method with
Massachusetts amendments

» Establishes compliance based on the
relative energy use of two models - the
proposed design model and the baseline
design model

o The proposed design model ¢ Bt Encopt Low-Rise
B -— Residential Buildings
must reflect design documents o

o Baseline model reflects efficiency
levels that are approximately aligned
with requirements in
90.1 2004

* Requirements are detailed in 2023
Technical Guidance Massachusetts
Stretch Energy Codes Attachment B

Baseline Design

48
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Documentation
Requirements

* The documentation items applicable
to both paths (see a prior slide)

» Allitems described in
ANSI/ASHRAE/IESNA 90.1-2019
Appendix G Section G1.3.2

ANSVASHRAE/IES Standard 90.1-2019
(Supersedes ANSYASHRAE/ES Standard 90.1-2016)
Includes ANSUASHRAEIES addenda lsted in Appendic |

Energy Standard
for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)

Appendix G
G1.3.2 Application Documentation

Simulated shall be d shall be submifted to
the rating authority. hall eport and shall include the
following:

a. A brief description of the project, the key energy efficiency improvements com-
pared with the requirements in Sections 5 through 10, the simulation program
used, the version of the simulation program, and the results of the energy analy-
sis. This summary shall contain the calculated values for the baseline building
pﬁdamancc the proposed building performance, and the percentage improve-

b An overview of the project that includes the number of stories (above and below
grade), the typical floor size, the uses in the building (e.g.. office. cafeteria,
retail. parking. etc.), the gross area of each use, and whether each use is condi-
tioned space.

<. Alist of the energy-related featues that are included in the design and on which
the performance rating is based. This list shall document all energy features that
differ berween the models used in the baseline building performance and pro-
posed building performance calculations.

A list showing compliance for the proposed design with all the requirements of
Sections 5.4, 6.4,7.4. 8.4,9.4, and104(mandmypxwvlsmns)

Alist identifying design that are i

i requircinents of Sections 55, 5 5.75.9.5,and 9.6 (prescriptive provisions).
A table with a summary by end use of the energy cost savings in the proposed
‘building performance.

£ A site plan showing all adjacent buildings and topography that may shade the
‘proposed building (with estimated height or number of storics).

h. Building elevations and floor plans (schematic is acceptable).

i A diagram showing the fhermal blocks used in the computer simulation.

j. An explanation of any significant modeling assumptions.

k. Backup calculations aud materal to support data inpus (e, Usfactors for
‘Building envel iblies, NFRC ratings for_

in Table G3.1, 1. Design Model,” paragraph [a]).

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

m. Purchased energy rates used in the simulations.

An explanation of any error messages noted in the simulation program output.

B

For any exceptional calculation methods employed. document the predicted
ings by energy type. th
exceptional calculation method performed, and theoretical or empirieal informa-
tion supporting the accuracy of the method.
. The seduction in proposed building performance associated with on-sife renew-
able enery.
. The version of the software and the link to the website that contains the
ASHRAE Standard 140 results for the version used in accordance with Section

°

G224.

- A
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Key Reporting Requirements
of 90.1 Appendix G

» Features that differ between the baseline and proposed design
models

» Aspects of the proposed design that improve over or are less
efficient than 90.1 prescriptive requirements

» Alist showing compliance of the proposed design with 90.1
mandatory provisions

* A summary by end use of the energy cost savings of the
proposed design relative to the baseline

» Input and output reports from the simulation program showing a
breakdown of energy by end use and the amount of unmet load
hours for the baseline and proposed design

» Backup calculations and material to support data inputs

*Information not used in the energy simulation

25
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Reporting Template:
DOE/PNNL Compliance Form

* Meets the reporting requirements of 90.1-2019 Section G1.3.2

» Is required documentation for the Relative Performance
Pathway, per Section 6 of the Relative Performance Simulation
Guidelines (Attachment B)

* Posted at DOE Building Energy Codes Program website

*  Summary of features
* MS Excel format

» Helps establish the necessary modeling inputs using built-
in code look-ups and calculators

» Allows copying and pasting simulation results from BEM
tools including EnergyPlus, eQUEST, and OpenStudio

» Integrated quality control checks

- Data export to streamline transferring information to
databases and other tools

Reporting Template:
MA Stretch
Companion Tool

» Accounts for MA Stretch amendments to
90.1-2019 Appendix G related to
performance calculations:

o Site energy metric & MAStretch

) DOE/PNNL _—
o BPFs (10% more stringent than 90.1- Compliance 2023
2022) [ =P | Companion

Tool E—

Form

o Excludes renewable energy
contributions to performance Meets reporting Accounts for MA

requirements of Stretch
90.1-2019 amendments to
90.1-2019

» Posted on the Mass Save technical
support website

*  Summary of features
o MS Excel format

o Data import of relevant project and
simulation outputs from the
Compliance Form

52
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Compliance Form Organization

DESIGN DOCUMENTS

|

I |

COMPLIANCE FORM Envelope Lighting. HVAC
Proposed
Lighting Space. Ventilation-
Envelope - e
es ultifamil
Assemblies i 4 BEM Results | [Quality Control
¥
Service Plug, Process. Energy
General AHJ/RA Tab. Contact gl Eneray Operating Envelope Interior Lighting Proposed R e Renewable Exceptional Compliance. i Submittal
Information [ | (if applicable) Information Sources Schedules Areas Counts HVAC y Energy Calculations Calculations Checklist
Heating Loads Summary
¥
ualit
: Interior Lighting Baseline/ fesilts from Quality
Infiltration et T Budget HVAC BEM Tool Control
odel Inp udge ool e
P—
| 1 L]
BUILDING ENERGY MIODELING (BEM) TOOL
DESIGN DOCUMENTS
COMPLIANCE FORM Envelope Lighting. HVAC
Proposed
Lighting Space. Ventilation-
Envelope - e
es ultifamil
Assemblies i 4 BEM Results | [Quality Control
General AHI/RATab Contact E Operati Envel Interior Lighti Proposed s R Exceptional Compli L Submittal
eneral al onta hmp| Eneray perating nvelope | k) interior Lighting | j roposes R e enewable xceptional |gl| Compliance hal| performance ubmittal
Information [ | (if applicable) Information Sources Schedules Areas Counts HVAC y Energy Calculations Calculations Checklist
Heating Loads Summary
¥ *
ualit
: Interior Lighting Baseline/ fesilts from Quality
Infiltration Control
Model Inputs Budget HVAC BEM Tool
Checks

1 1}

BUILDING ENERGY MODELING (BEM) TOOL
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Dashboard

Compliance Summary

9/27/2024

ASHRAE Standard 90.1 2016 Appendix G, Above Code Performance

Pass

Yes

Yes

55

Tabs Navigator i

Instructions N/A N = & E

D ion Process Overview N/A - = = =
General i Complete. 3/9/2021 Jackson Jordan | 3/21/2020
Contact Information Complete Smith Sam 3/9/2021 Jackson Jordan | 3/30/2020
Energy Sources Complete Smith Sam 3/9/2021 Jackson Jordan | 3/30/220
Operating Schedules Complete Sam 3/9/2021 Jackson Jordan | 4/20/2020
Proposed Envelope Assemblies Complete Sam 3/9/2021 | Complete | Jackson lordan | 4/20/2020
Envelope Areas Complete Smith Sam 3/9/2021 | Complete | Jackson Jordan | 4/20/2020
iltrati Complete Smith Sam 3/9/2021 | Complete Jackson Jordan 5/2/2020
Lighting Space Types Complete Smith Sam 3/9/2021 | Complete | Jackson lordan | 5/2/2020
Interior Lighting Counts Complete Smith Sam 3/9/2021 | Complete | Jackson Jordan | 5/2/2020
Interior Lighting Model Inputs Complete. Smith Sam 3/9/2021 | Complete | Jackson Jordan | 5/2/2020
Exterior Lighting Complete Smith Sam 3/9/2021 | Complete | Jackson Jordan | 5/8/2020
Ventilation - Multifamily Complete Smith Sam 3/9/2021 | Complete | Jackson Jordan | 5/8/2020
Proposed HVAC Complete. Smith Sam 3/9/2021 | Complete | Jackson Jordan | 5/8/2020
Baseline HVAC App G Complete Smith Sam 3/9/2021 | Complete | Jacksonlordan | 5/8/2020

Budget HVAC Section 11 N/A - - N/A = =
Service Water Heating Complete. 3/9/2021 | Complete | Jackson Jordan | 5/2/2020
Plug, Process and Other Loads Complete 3/9/2021 | Complete | lacksonlordan | 5/2/2020
Energ Complete Smith Sam 3/9/2021 | Complete | Jacksonlordan | 5/2/2020

lculati N/A = g N/A = g
Results from eQuest Complete Smith Sam 3/9/2021 | Complete | Jackson Jordan | 5/8/2020
N/A = = Complete | Jackson Jordan | 5/8/2020
Energy Performance Summary N/A - - Complete Jackson Jordan 5/8/2020
Quality Control Checks N/A = = Complete | Jackson Jordan | 5/8/2020
Submittal Checklist Complete Smith Sam 3/9/2021 | Complete | Jackson lordan | 5/8/2021

Revision Log N/A 3 - N/A = -
v | General Information | Contact Information | Dashboard | Energy Sources |

mass save

Basic Structure — Demo
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Poll Question #5

Which of the following accurately
characterizes the flow of information
between design documents, the simulation
tool, and the Compliance Form?

1. Design Documents — Simulation Tool
— Compliance Form

2. Compliance Form — Design
Documents — Simulation Tool

3. Design Documents — Compliance
Form <> Simulation Tool

4. None of the above

57

9/27/2024

1.

S

6.

Building Component Tabs

Several tabs in the Compliance Form are for reporting the
proposed building components:

Envelope

Lighting

HVAC

Service Water Heating

Plug, Process, and Other Loads

Renewable Energy (not applicable for MA Stretch)

These tabs also determine the baseline model inputs using code
look ups and calculators, and the proposed model inputs

We will look at the lighting tabs in this training, but similar logic
applies to other building components

29
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Lighting

| DESIGN DOCUMENTS
COMELIANCE FORM Envelope Lighting HVAC
Pr d
e Lighting Space Ventilation-
Envelope 2 e
Assemblies ypes SRR | BEM Results ity
R
« o " 5 Energy
General AHI/RA Tab Contact Energy Envelope Interior Lighting Proposed Exceptional Compliance Bl
Information | | (f applicable) | | Information | | Sources Areas Counts HVAC Calculations | || Calculations
Summary
! 3 3
S . Quality
iation Interior Lighting Baseline/ Results from oo
Model Inputs Budget HVAC BEM Tool Gl

11 ] i 1

BUILDING ENERGY MODELING (BEM) TOOL

59

Design Documents - BEM Tool Inputs

DESIGN DOCUMENTS

_Lighting Schedules B

General Requirements for Sensors:

Wall o X
Passive nfrared, uitrasonic and dual technology.

Listed and labeled as defined in NFPA 70, by a qualiied festing agency, and marked for

intended ocation and appi

Operation:

ication.

indicated,

Occupancy Sensor:
is occupied, and 3 tuming lights
off, adjustable over a minimum range of 10 30 Mmines. -

Vacancy Sensor U

iless otherwise indicated, ights are manualy fumed on and
‘when the room is unoccupied; with a time delay for uming

sensor tums lights off
Tights of, adjustabie over a minimum range of 1 1o 30 minutes.

. Corr

0.35 WISE

mass save

BEM TOOL INPUTS

Stor
Lighting

0.51 WISE,
Classroom

Office
Lighting

. 0BBWISE
Classroom
Lighting Sch
w/os
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Design Documents - BEM Tool Inputs

DESIGN DOCUMENTS BEM TOOL INPUTS

mass save

Proposed Design Model
Lighting schedules with wattages for each
lighting fixture based on the specified bulb +
ballast.

» Lighting wattage and
schedule adjustment
credits for each HVAC

Lighting plans showing lighting fixtures and zone based on the

lighting controls in each space maximum rated wattage

of specified lighting
fixtures

Specifications with lighting control sequences

Baseline Design Model

» Lighting wattage and
schedule for each HVAC
zone based on the 90.1
lighting power and
control allowances and
floor area of different
types of spaces within
this zone

Reporting Requirements

90.1 G1.3 DOCUMENTATION REQUIREMENTS COMPLIANCE FORM

a. ...the key energy efficiency improvements Proposed design lighting power
compared with the requirements in Sections 5 sl Baseline design lighting power
through 10.... Prescriptive 90.1 lighting allowances
c. ... all energy features that differ between the

models used in the baseline building performance Proposed design: fixture counts,

and proposed building performance calculations. wattages and controls in each HVAC

e. Alist identifying those aspects of the proposed zone to document modeled LPDs and
design that are less stringent than the requirements schedule credits

of 5.5, 6.5, 7.5,9.5, and 9.6 (prescriptive provisions). Baseline design: floor area by space

type within each modeled HVAC zone to
k. Backup calculations and material to support data —=s==jp document modeled LPDs

inputs...

Lighting controls specified in the
d. A list showing compliance for the proposed design proposed design alongside the
with all the requirements of Sections 5.4, 6.4, 7.4, =) mandatory lighting control
8.4, 9.4, and 10.4 (mandatory provisions). requirements

*Not a simulation input

62
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Lighting Example — HVAC Zones

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

. *| FrsTrLOOR
- 7| etecrrical
-7 veHTnaLan

Red line = HVAC zone boundary.

- |EL1.01

In this example,
there are two
different spaces
and space types
that make up this
HVAC zone.

Project Storage
101G
Metal Shop 101F

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

IC1 Core Spc (G.C4)

63
Lighting Example — Lighting Power Density, 101G
Lighting [T s el
Schedu Ies EQUIVALENT BY: g«gggIEELIVERED LUMENS
80CRI
Fixture Specifications Lighting [
— = B1

2x4 T-Grid LED troffer, 4800 nominal delivered lumens ho 1

Candlepower \\
. Angle End ! |

Test No. 33531 o 1950 \ /
\ / !
s i o |
Lamp Type LED 25 1707 I/é Iil ‘\
Lumens 4633 fj }40;; 'k/ J
PR~ — ‘
Input Watts 432 55 733: \ %n |
65 4 = N |
- Rt 75 238 ’7 S e 1]
Comparehive yearly INiMinp energycost pes 1000 | = A == ——l

Maximum Fixture B1 Wattage Confirmed = 43.2 Qty B1 = Space ft2 = 471

64
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Lighting Example — Lighting Controls

nghtlng Plans Lighting Symbols

(] |
sl I vsc VACANCY SENSOR CONTROL SWITCH
1 L—_B1 _~——~_B1 ‘
|
(o] O] (o] @ @ OCCUPANCY SENSOR W / POWER PACK
| ROJECT STORAGE \ (CEILING / WALL)
[ = Thoie™ \
\ & N, |
\ i |
&S %r ~ { \ / |
. B1 i BY ‘
A\ ; /é | Project Specifications
>3 |
2 Space 101G is controlled with a
vacancy sensor control switch.

65

Lighting Example — Lighting Controls

Table 9.6.1 Lighting Power Density Allowances Using the Space-by-Space Method and Minimum Controf Requirements Using Either Method

“Tha conirol funclions balow shall be implemented in accordance with the descriptions found in the referenced paragraphs within
Saction 8.4.1.1. Forasach s'pa:alype

(1) All REQs shall be implomen

(2) At least ane ADD1 (when [lasml) shall be implemented.

(3) At least one ADD2 (when present) shall be implementad.

Automatic
Aulomatic
Partial OFF
Rastricted to
Informative Note: This table is dvided into two sactions; this first section covers space La)cai(_un rol | Manual ON
l\mﬂﬁtmhﬂmmﬂnl}rlmrﬂnmulmbummms The sawmlpallulm tabla
covers space types that are typically found in a single buitding typs.

2 0.97 (5] REQ ADDZ2 ADD2
I 250 12 and £1000 2 0.48 6 Q Q NIA N/A NIA Q |

All other storage rooms 0.46 (] REQ ADD1 ADD1 REQ REQ REG ADD2 ADD2

Space G 101G mandatory requirements as defined in 9.4.1.1:

» Local Control (one or more manual lighting controls in the space that controls all of the lighting in the
space)

» Restricted to Manual ON or Restricted to Partial Automatic ON

» Side and Toplighting Automatic Daylight Responsive Controls (Not applicable because no fenestration)

» Automatic Full OFF (automatically shut off within 20 minutes of occupants leaving the space)

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

66
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mass save

Lighting Example —

Compliance Form Demo

Poll Question #6

Baseline lighting power density for each
HVAC zone for Appendix G models is
determined based upon the following

1.  The predominant space type in the
HVAC zone and the LPDs in Table
G3.7

2. The predominant space type in the
HVAC zone and the prescriptive LPDs
in Table 9.6.1

3. The weighted average LPDs by space
square footage and type per Table
G3.7

4. None of the above

68

9/27/2024
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Poll Question #7

Which model inputs related to lighting are
calculated in the Compliance Form (Select
all that Apply)?

1. Proposed model lighting power
densities by space type and HVAC
zone.

2. Baseline model lighting power densities
by space type and HVAC zone.

3. None, all lighting model inputs require
side calculations outside of the
Compliance Form.

4. Proposed model lighting schedule
adjustment factors by space type and
HVAC zone.

9/27/2024

Simulation Outputs and Compliance Calculations
| DESIGN DOCUMENTS
COMPLIANCE FORM Envelope Lighting HVAC
';::elope Lighting Space Ventilation-
Assemblies Ui Ll BEM Results | [Quality Control]
Cetieral AHI/RA Tab Contact Energy || Operating Envelope | )| interior Lighting [ | Proposed 5\;’;’: I F'"gé;::f bl 5 Comipli Pe::f"’i"m Submittal
Information (If applicable) Information Sources Schedules Areas Counts HVAC Deos Loads Energy Calculations Calculations Simany Checklist
) —
st Ginediichtioe Baseline/ Tt 2::[';:{
Model Inputs. Budget HVAC BEM Tool it
BUILDING ENERGY MODELING (BEM) TOOL
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Reporting Requirements

90.1 G1.3 DOCUMENTATION REQUIREMENTS COMPLIANCE FORM

f. A table with a summary by end use of the energy > Annual baseline and proposed design

cost savings in the proposed building performance. heating, cooling, lighting, miscellaneous
equipment, SWH pumping, heat

I. Input and output reports from the simulation rejection, and ventilation costs.

program or compliance software, including a

breakdown of energy use by at least the following

components: lights, internal equipment loads, service

water-heating equipment, space-heating equipment,

space-cooling and heat rejection equipment, fans, Modelers can paste the standard output
and other HVAC equipment (such as pumps). The reports generated by the supported
output reports shall also show the amount of unmet ===y simulation tools into the software

load hours for both the proposed design and specific tabs to import simulation results
baseline building design. for the baseline and proposed models.

71
Pre-approved supported BEM Tools: ErcroyPlus
EnergyPlus
eQueggt P
. DM cQUEST
Openstudio ﬁ
IESVE results are manually entered
a OpenStudio
anually over-written. For example, if the "Fans - interior ventilation" and "Fan - parking garage" end-u:
1to be split into two separate categories. Or, for example, an end-use contains both regulated and umt
items and components, enter the regulated vs unregulated energy use in separate rows. See "?" for "U
gy Complianc
72
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Compliance Calculations Tab

Project performance is not displayed in the Compliance Form due to MA Stretch amendments:

Table 7: Compliance C i | Metric |
H
Source GHG
Cost SiteEnergy | Energy | Emissions

Parameter Symbol s MMBlu MMBlu mcoﬁ

Proposed building performance before sit energy and i PBP iy

2| proposed design on-site renewable savings

2| i ions savings excluding on-site renewable energy

Proposed building performance including on-site energy and i PBP

Proposed building performance including and excluding on-site renewable PBP,,.

Baseline building unregulated energy, GHG emissions, and/or energy cost BBUEC

Baseline building regulated energy, GHG emi and/or energy cost BEREC

Baseline building performance BEP

Building Performance Factor BPF

Performance Index Target Pal,

Performance index without on-site energy and PClavpes

performance index including PCl,

Performance Index including i ions and on-site renewable energy Pcl

. /
_?I Performance Index adjusted based upon ASHRAE 90.1-2013 Section 4.2.1.1 PCI,,,,.m., //////////////////////////////////
9% improvement beyond ASHRAE 90.1-2018, excluding proposed design on-site energy and i i - ...~
% improvement beyond ASHRAE 90.1-2019, including proposed design on-site energy and i i = T ///,,/f,////

Please use the C ion Tool ine project i |

73

mass save

Results from <BEM Tool>
and Compliance

Calculations — Compliance
Form Demo
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Companion Tool

Reminder:
* Accounts for MA Stretch amendments
berformance calediations: o DOE/PNNL M e
» Site energy metric Conlgglrirince 4* Companion
+ BPFs (10% more stringent than Tool
90.1-2022) Meets reporting Accounts for MA
+ Excludes renewable energy requirements of Stretch

contributions to performance 90.1-2019 amendments to

« Import data from the completed AR

Compliance Form

75
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Companion Tool Tabs and Workflow

Instructions for Submitter tab
» Special instructions for filling out the Compliance Form
» Helpful modeling reminders and color legends

Instructions for CF Import tab
» Instructions for importing data from the Compliance Form

Project Performance

» Displays project BPFs (based on MA Stretch 2023 amended
BPFs)

» Displays renewable energy cap (0% = no contribution), and
energy content for fuel sources in the models

» Determines compliance using site energy with MA Stretch
BPFs and excluding renewable energy

38



Companion Tool Demo

mass save

9/27/2024

Poll Question #8

What documentation tool, tab, and table show
the performance outcome for Relative
Performance Pathway projects?

A. Compliance Form: Compliance Calculations
tab, Table 7

B. TEDI Compliance Tool: Compliance
Calculations tab, Tables 1 and 2

C. Companion Tool: Project Performance tab,
Table 4

78
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Submittal Checklist

| DESIGN DOCUMENTS
COMPLIANCETORM Envelope Lighting HVAC
Proposed - o
Lighting Space. Ventilation-
Envelope < e
Assemblies ypes SRR | BEM Results | [Quality Control|
General AHI/RATab Contact E Operati Envel Interior Lighti Proposed e R e R Exceptional ..l Compli e
enera A nta nergy perating nvelope | fy| interior Lighting [ || Propose: R e enewable xceptional ompliance (Ll o (5
Information || (f applicable) | | Information | | Sources || Schedules Areas Counts HVAC ) Energy Caleulations | || Caleulations
Heating Loads Summary
| E 3
-
: Ginediichtioe Tt Quality
Infiltration Model T Budget HVAC BEM Tool Control
il i o Checks
| ]| 1]

BUILDING ENERGY MODELING (BEM) TOOL

79
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Submittal Checklist

90.1 G1.3 DOCUMENTATION REQUIREMENTS

a

Ll ] Y -

]

A brief description of the project, the key energy gfficiency improvements com-
pared with the requirements i Sections 3 through 10, the simulation program
used, the version of the simulation program, and the results of the energy analy-
sis. This summary shall contain the calculated values for the baseline building
performance, the proposed building performance, and the percentage improve-
‘ment

An overview of the project that includes the munber of stoties (above and below
grade). the typical floor size. the uses in the building (e.g., office, cafeteria.
retail, parking, etc.), the gross area of each use. and whether each use is condi-
tioned space.

Alist of the energy-related features that are included in the design and on which
the performance rating s based. This list shall document all energy features that
differ between the modsls used in the baseline building performance and pro-
posed building performance calculations.

A list showing compliance for the proposed destgn with all the requirements of
Sections 54. 4,74, 84, 9.4. and 10.4 (mandatory provisions).

A list identifying those aspects of the proposed design that are less siringent than
the requirements of 3.5, 6.5, 7.5.9.5. and 2.6 (prescriplive provisions).

A table with a swmmary by end use of the energy cost savings in the proposed
buulding performance.

A site plan showing all adjacent buildings and topography that may shade the
proposed building (with estimated height or munber of stories)

Building elevations and floor plans (schematic is acceptable).

A diagram showing the thermal blocks used in the compter simmilation.

An explanation of any significant modeling assumptions

Backup calculations and material to support data inputs (e.g.. Ufuctors for
building envelope assemblies, NFRC ratings for fenestration. end-uses identified
in Table G3.1. “1. Desizn Model,” paragraph [a]).

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

An explanation of any noted in the sumularion pr output
For any exceptional calculation methods employed. doctment the predicted
enargy savings by energy type. the enargy cost savings, a narrative explaming the
exceptional calculation method performed. and theoretical or empirical informa-
tion supporting the accuracy of the method.

The reduction in proposed building performance associsted with on-site renew-

able energy.

COMPLIANCE FORM
The Submittal Checklist is designed to

—)> cnsure that submitters provide all

documentation as required by 90.1.
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Submittal Checkl

mass save

iIst —

Compliance Form Demo

Productivity Tips

Help Buttons

Notes.
Please include]

2 [Table 1: Byl
Instruction
1. Enterm

Freeze Par

General Information Help - Click on Text to Activate Scroll Bar x

Floor area is measured from the exterior faces of walls or from
the centerline of walls separating buildings, but excluding
covered walkways, open roofed-over areas, porches and
similar spaces, pipe trenches, exterior terraces or steps,
chimneys, roof overhangs, and similar features. (90.1 Section
3)

Table of Contents

Return to Dashboard

Table of Contents

Table 1: Proposed Water Heaters

Table 2: Baseline Water Heater

Table 3: Summary of Service Water Heating Systems

Table 4: Residential Service Water Heating Peak Flow Calculator
Table 5: Default Service Water Heating Load Calculator

Table 6: Default Sex Water Heating Load Calculator Summary

Table 1b: Air-side HVAC Heating and Cooling Capacity Summary
The table shows the total heating and cooling capacities of the H\

Electricity 0
Fossil Fuel
On-site Boiler Plant
Purchased Heat
On-site Chiller Plant
Purchased CHW
Total

Notes
Please include applicable notes as needed.

82
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Targeted and Relative Performance
Reporting Summary

Targeted Performance (C407.1

1 model developed following MA Stretch modeling
guidelines

Relative Performance (C407.2

2 models developed following 90.1 2019
Appendix G with MA amendments

Average ventilation rate calculations (C103.2 #16)
Modeler qualifications
Design documents
Derating calculations (C402.7)
Documentation for fenestration performance (C402.4.6)
Air leakage testing results (C402.5.2)
Maintenance and commissioning plan (C408)
Simulation reports

Completed COMcheck™ Envelope, Lighting and
Mechanical Compliance Certificates, and a Plan

Modeling Rules

Documentation
Requirements

Compliance

Review Inspection Checklist (C103.2.2)

The items described in ANSI/ASHRAE/IESNA 90.1-
2019 Appendix G Section G1.3.2 Parts b, g, h, i, j, k, I,
n, o, and q, and Section G1.3.3

Modeled heating and cooling TEDIs must not exceed

Criteria the set targets

Documentation

Tool TEDI Compliance Tool

All items described in ANSI/ASHRAE/IESNA
90.1-2019 Appendix G Section G1.3.2

Modeled PEI of the proposed design must not
exceed PEltarget

DOE/PNNL Compliance Form & MA Stretch 2023
Companion Tool

83
Other Relevant Trainings
. Target :
* Applicability
MA Stretch Energy Code 2023 for * Overview of the modeling
Commercial Buildings: Targeted Code Officials requirements
Performance (TEDI) and Relative & Modelers » Special rules for additions, core-and-
Performance (90.1 Appendix G) shell and retrofits
Compliance Paths * Requirements other than energy
modeling
Modeling for MA Stretch TEDI and . . .
Appendix G (8 hours) Modelers Detailed modeling requirements
Compliance documentation for MA - * Reporting templates
Stretch TEDI and Appendix G (2 CRRBOUISELS | Other materials that must be
& Modelers .
hours) submitted
84
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mass save

Commercial New
Construction or Major

Renovation Program

Choose Your Path to Generate Energy Savings and Reduce Carbon

9/27/2024

A Pathway for Every Project

Mass Save Sponsors offer the highest incentives for projects with the lowest EUls and greatest levels
of decarbonization.

Path 1, Net Zero and Path 2, Whole Building Energy Path 2

High Performance Buildings

Low EUI Buildings Use Intensity (EUI) Reduction
(10,000 sqft or greater) Approach (50,000 ft? or greater)

Receive expert net zero building In this path for larger, complex  For whole building projects of any

technical assistance and the building projects, your incentives  size where customers do not wish
highest new construction/major will be greater with the lowest  to set and pursue an EUI target,
renovation project incentives design EUls. We offer technical  projects that are not whole
available. Set an ultra-low EUI support and energy modeling buildings (e.g., tenant fit outs,

and save. We provide support services to help you succeed. open air parking garages),
through a post occupancy period projects that are process-load

to help you make sure the heavy buildings (e.g., cannabis,
building performs at the level industrial), and projects where
you expect. customers are only interested in

one-off measures.

86
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Energy Code Support

Questions about the energy code?

L e
@

Energy Code Support Hotline: Energy Code Support Email:

855-757-9717 energycodesma@psdconsulting.com

Thank you.

Massachusetts Energy Code Technical Support Program

WE ARE MASS SAVE":

({4 Berkshire
Gas

An Avangrid company

EVERSSURCE | Liberty: nationalgrid < Unitil
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