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Your local electric and natural gas utilities and energy 

efficiency service provider are taking strides in energy 

efficiency: Berkshire Gas, Cape Light Compact, 

Eversource, Liberty, National Grid and Unitil.

As one, we form Mass Save®, with the common goal 

of helping residents and businesses across 

Massachusetts save money and energy, leading our 

state to a clean and energy efficient future.

Together, we make good 

happen for Massachusetts.

We Are Mass Save®

Presented by:



Moving Energy 
Efficiency Forward

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

Continuing Education

This webinar is approved for:

• 4-hour CSL CEU

• 4 AIA LU | HSW

• 4 CO CEU

• 4 BPI CEU

Everyone will receive a certificate of 
attendance via email.

Another 4 continuing education credits 
(CEUs) will be available to participants that 
also attend the second half of the webinar 
on Thursday, September 26th from 10 AM 
- 12 PM and 1 PM – 3 PM.



Learning Objectives

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

Comprehend the modeling requirements for special cases including core-and-shell projects 
and first-time tenant fit outs.

Develop a high-level, basic understanding of MA Stretch 2023 mandatory requirements and the 
types of 90.1 mandatory requirements that projects are required to comply with. 

Understand how to use energy modeling results to extract the information needed to 
demonstrate compliance with the Targeted Performance Path.

Learn to establish model inputs for specific systems and components. For example, OA CFM 
rates for the Targeted Performance Path.

Articulate energy modeling requirements of the Relative Performance Path that deviate from 
the ASHRAE 90.1 Performance Rating Method.

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

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 (these are at a 
high level in this 8-hour training but not covered in detail) and 90.1 mandatory requirements.

These objectives (with the exception of 90.1 mandatory requirements) 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”

This 8-hour training is focused on energy modeling requirements.
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2023 Massachusetts Energy Code

Energy Modeling Requirements Applicable to 
the Relative and Targeted Performance Paths

Targeted Performance Path
• General concept

• Detailed modeling requirements with examples

• Extracting results from output reports to calculate TEDI

• Reporting requirements

Relative Performance Path
• General concept

• Modifications compared to 90.1 2019 Appendix G

• Detailed modeling w/examples (focused on commonly  
misunderstood areas and MA Stretch amendments)

• Reporting requirements



Overview of Available Trainings

Title Target Audience Topics covered

MA Stretch Energy Code 2023 for 

Commercial Buildings: Targeted 

Performance (TEDI) and Relative 

Performance (90.1 Appendix G) 

Compliance Paths (4 hours)

Code Officials & 

Modelers

• Applicability

• Overview of the modeling requirements

• Special rules for additions, core-and-shell 

and retrofits

• Requirements other than energy 

modeling

Modeling for MA Stretch TEDI and 

Appendix G (8 hours)
Modelers Detailed modeling requirements

Compliance documentation for MA 

Stretch TEDI and Appendix G (2 

hours)

Code Officials & 

Modelers

• Reporting templates

• Other materials that must be submitted

2023 Massachusetts Stretch 
Energy Code Compliance 

Options Overview



Overview of MA Stretch 2023 (C401.2)

• Prescriptive Path: 2021 IECC with strengthening amendments

• Targeted Performance Path: Requires developing an energy model 
following the 2023 Stretch Code Targeted Performance Simulation 
Guidelines to demonstrate that project’s heating and cooling Thermal 
Energy Demand Intensities (TEDIs) do not exceed the set limits. In 
addition, projects must meet selected requirements of the prescriptive 
path.

• Relative Performance Path: Requires energy modeling following 2019 
ASHRAE 90.1 Appendix G and as described in 2023 Stretch Code 
ASHRAE Appendix G Simulation Guidelines using site energy metric 
with strengthening amendments. In addition, projects must meet 
selected requirements of the prescriptive path.

• Passive House: (Certification through either PHI or Phius), optional for 
any building type

• HERS Rating: Home Energy Rating System (HERS) index certification, 
optional for multi-family buildings

Overview of MA Stretch 2023

• Prescriptive Path: 2021 IECC with strengthening amendments

• Targeted Performance Path: Requires developing an energy model 
following the 2023 Stretch Code Targeted Performance Simulation 
Guidelines to demonstrate that project’s heating and cooling Thermal 
Energy Demand Intensities (TEDIs) do not exceed the set limits. In 
addition, projects must meet selected requirements of the prescriptive 
path.

• Relative Performance Path: Requires energy modeling following 2019 
ASHRAE 90.1 Appendix G and as described in 2023 Stretch Code 
ASHRAE Appendix G Simulation Guidelines using site energy metric 
with strengthening amendments. In addition, projects must meet 
selected requirements of the prescriptive path.

• Passive House: (Certification through either PHI or Phius), optional for 
any building type

• HERS Rating: Home Energy Rating System (HERS) index certification, 
optional for multi-family buildings

SCOPE OF 
THIS TRAINING



Requirements 
Applicable to TEDI & 
Relative Performance

Modeler Qualification 
Requirements

Energy models must be created by persons 
qualified by education and training to 
perform such work. 

The submittal package must include 
signatures of the licensed professional(s) as 
required for other compliance options.

In addition, the modeling documentation 
submitted to AHJ shall be signed by a 
professional meeting qualification 
requirements outlined in 
Modeler_Quals_FINAL.pdf 
(energycodes.gov) and summarized on the 
next slide.



Modeler Qualification Requirements

EXPERIENCE: The minimum of 3 years of full-time equivalent modeling experience OR 
successfully completion of at least 5 modeling projects; requirement is waived for 
professionals with ASHRAE BEMP certification. 

TRAINING: A minimum of 8 hours of training completed in the last three years, including the 
following: 

• Performance Based Compliance Documentation for ASHRAE 90.1 Section 11 and Appendix 
G (required)

• 2 hours minimum on ASHRAE 90.1 Section 11 or Appendix G

• Energy modeling training

CERTIFICATIONS: One of the following: 

• ASHRAE Building Energy Modeling Professional (BEMP); High-Performance Building 
Design Professional (HBDP); Building Energy Assessment Professional (BEAP); 
Commissioning Professional (BCxP)

• Association of Energy Engineers Certifications Building Energy Simulation Analyst (BESA); 
Certified Energy Auditor (CEA) Certified Energy Manager (CEM); Existing Building 
Commissioning Professional (EBCP); Certified Building Commissioning Professional 
(CBCP)

A thermal bridge is an interruption in an envelope assembly which 

reduces the overall thermal performance of the assembly. These 

interruptions allow unwanted heat transmission because they 

bypass the surrounding assembly insulation. They may impact 

energy efficiency, cause condensation within the building envelope, 

and lead to thermal discomfort.

The interruption causing a thermal bridge could be the result of a 

penetration in the assembly. Examples of this include supports for 

exterior wall cladding or rain screen, supports for brick cladding, 

brick shelves, balcony supports, and wall framing.

The interruption could also be caused by architectural transitions. 

Examples of this include building corners, vertical wall to roof 

transition (e.g. parapet), wall to window intersections, and 

intersection of interior floor to exterior vertical wall.

What is Thermal Bridging?
EXAMPLE OF A THERMAL 

BRIDGE:

Brick ties which hold brick 

panel sections to the framing.

Brick ties (A) which are used 

to connect the exterior brick 

to the building framing 

interrupt the exterior 

insulation (B)



CLEAR FIELD:  A thermal bridge that is uniformly distributed 

throughout an assembly such that accounting for the thermal bridge 

individually is impractical for whole-building calculations (e.g. steel 

framing).  

LINEAR: A thermal bridge that is continuous in one direction of the 

exterior envelope (e.g., parapet).  

POINT A thermal bridge that is discrete and countable on an 

individual basis for whole-building calculations (e.g. mounting 

brackets). 

Types of Thermal Bridges
EXAMPLE OF A THERMAL 

BRIDGE:

Brick ties which hold brick 

panel sections to the framing.

Brick ties (A) which are used 

to connect the exterior brick 

to the building framing 

interrupt the exterior 

insulation (B)

How Does a Project Account for Thermal Bridging?

Exterior walls shall be modeled with the U-factors derated 

to account for thermal bridging using the derating 

methods described in Section C402.7. https://www.mass.gov/info-

details/stretch-energy-code-development-2022#final-guideline-



MA Stretch 2023 Mandatory Requirements

Code Requirements Other Than Envelope
Targeted 

Performance 
Relative Performance

C406 Additional Efficiency Requirements 

Must implement efficiency measures to achieve at least 

15 credits.

Yes

Yes, some measures may 

contribute to achieving the 

required modeled 

performance; others (e.g., 

heavy timber, fault detection 

and diagnostics, etc.). 

C408 Maintenance Information and System 

Commissioning Unchanged from IECC; requires 

systems commissioning, functional testing and 

maintenance information. 

Yes Yes

Targeted 
Performance Path



Topics Covered

• Overview

• Mandatory requirements (quick reminder 
from 4 – hour TEDI and App G training)

• Approved simulation tools

• Climate and site data

• TEDI calculations and definition

• Unmet load hour limits

• Systems that should be included and 
excluded from the simulation

• Floor plan modeling requirements

• Building envelope properties

• Prescribed simulation inputs

• HVAC modeling requirements

• Special cases

• Extracting simulation results from 
approved tools to calculate TEDI

• Documentation requirements

Overview

• New compliance path

• Targets building envelope performance 
due to long useful life. 

• Requires a whole building energy 
simulation 

• Must follow modeling requirements in the 
Targeted Performance Simulation 
Guidelines.

• Designs must demonstrate heating and 
cooling Thermal Energy Demand 
Intensities (TEDIs) no greater than the 
individual limits in Table C407.1.1.5 for 
the appropriate building type and size. 

• Heating TEDIs are rounded to a single 
decimal point; cooling TEDI are rounded 
to the nearest whole number. 

• Projects must also comply with additional 
requirements in Section C401.2.1. 

Use Type
Heating TEDI 
(kBtu/ft2-yr)

Cooling TEDI 
(kBtu/ft2-yr)

Office, fire station, library, police station, 
post office, town hall ≥ 125,000 ft2

1.5 23

Office, fire station, library, police station, 
post office, town hall between 75,000 
and 125,000 ft2

4 – 0.00002* 
Area (ft2)

18 + 0.00004*
Area (ft2)

Office, fire station, library, police station, 
post office, town hall ≤ 75,000 ft2

2.5 21

K-12 School ≥ 125,000 ft2 2.2 12

K-12 School between 75,000 and 
125,000 ft2

2.7 – 
0.000004*
Area (ft2)

32 – 0.00016*
Area (ft2)

K-12 School ≤ 75,000 ft2 2.4 20

Residential multifamily and dormitory ≥ 
125,000 ft2

2.8 22

Residential multifamily and dormitory 
between 75,000 and 125,000 ft2

3.8 – 
0.000008*
Area (ft2)

4.5 + 0.00014*
Area (ft2)

Residential multifamily and dormitory ≤ 
75,000 ft2

3.2 15

All other ≥ 125,000 ft2 1.5 23

All other between 75,000 and 125,000 ft2
4 – 0.00002*

Area (ft2)
18 + 0.00004* 

Area (ft2)

All other ≤ 75,000 ft2 2.5 21

Table C407.1.1.5 Thermal Energy Demand Intensity (TEDI Limits)



MA Stretch Code 2023 Guidelines

MA Stretch Code 2023 Guidelines

Code Requirement for Building Envelope
Targeted 

Performance 

C401.3 Thermal envelope certification (Unchanged from IECC)

Must post thermal envelope certificate with the key performance characteristics of the opaque 

envelope and fenestration and air leakage testing results.  

Yes

C402.1.5 Component Performance Alternative

• Allows performance trade-offs within vertical assemblies by prescribing limits on the area-

weighted U-factor for above grade wall assemblies and whole assembly U-factors for vision 

glass glazed wall systems. The maximum allowed U-factors in either Section C402.1.5.1 or 

C402.1.5.2 depends on the percentage of the exterior wall taken up by glazed wall systems; 

•  Fenestration shall meet the applicable SHGC requirements of Section C402.4.3.

Yes, as alternative to 

compliance with the 

AGW U- factors in 

Tables C402.1.4 & 

vertical fenestration 

U- factors in Table 

C402.4 Required to 

comply with C402.

C402.2.8 Requirement for combustion fireplaces Yes

C402.3 Rooftop solar readiness Yes

C402.4.6 Fenestration Documentation 

Allowed methods for determining fenestration performance. 
Yes

C402.5 Air Leakage

Air barrier design and testing requirements; maximum allowed air leakage rates. 
Yes

C402.7 Derating and Thermal Bridges 

Methodology that must be used to account for thermal bridging in exterior walls 
Yes

MA Stretch 2023 Envelope Mandatory Requirements

Compliance with C402 is required! (Reminder from 4-hour TEDI + App G training)



Code Requirements Other Than Envelope Targeted Performance 

C401.4.2 Full Space Heating Electrification
Yes, for high glazed wall 

system buildings (C402.1.5.2)

C403 Building Mechanical Systems Yes

C404 Service Water Heating 

The minimum equipment efficiency and controls; piping insulation. 
Yes

C405 Electric Power and Lighting Systems 

Interior and exterior lighting power and controls; electric metering; transformers; motors; vertical 

and horizontal transportation systems and equipment; voltage drop; automatic receptacle 

controls; energy monitoring; provisions for the electric vehicles ready parking spaces. 

Yes

MA Stretch 2023 Mandatory Requirements

(Reminder from 4-hour TEDI + App G training)

Approved Simulation Tools

• eQUEST version 3.65 or higher using the DOE2.3 engine 
Exception: DOE2.2 can be used for projects that do not include HVAC systems 
and designs that require workarounds in DOE2.2 but are explicitly supported in 
DOE2.3, such as variable refrigerant flow heat pumps and dedicated outdoor air 
systems.

• Energy Plus version 9.3.0 or higher 

• IES Virtual Environment version 2021.4.0.0 or higher 

• When the approved simulation program does not model a specified design, 
material or device, an external calculation shall be used as approved by the AHJ. 
The documentation submitted in support of the external calculations shall 
include a narrative explaining the methods, theoretical or empirical information 
supporting its accuracy, and documentation required in ASHRAE 90.1 2019 
Section G2.5 (a) – (e). 



Climate and Site Data

• Projects shall use MAStretch2023 weather 
file included in the Schedules and Loads 
Guidelines Supplement Package. Local 
weather file may be used when permitted 
by AHJ.

• Ground temperatures from the weather file 
or software defaults shall be used.

• The solar reflectance of the site ground 
surface shall equal 0.2.

• No holidays shall be modeled. 

• Shading from adjacent structures, 
significant vegetation and topographical 
features shall be reflected in the 
simulation. All elements with height greater 
than their distance from a proposed 
building and whose width facing the 
proposed building is greater than one-third 
that of the proposed building shall be 
modeled.

https://www.mass.gov/doc/2023-stretch-energy-code-

weather-files/download

Shading from Adjacent Structures Example

Question: Would it be 
required that the shading 
from Building A be captured 
in the simulation?



Shading from Adjacent Structures Example

Answer: Building A

Criteria 1 check: 

Distance from proposed 
building = 20’ 10 1/8” 

Height = 100 ft

Height is greater than the 
distance from the proposed 
building ✓

Criteria 2 check:

1/3 width of proposed = 47’ 3 
¾” * (1/3) = 15.77 ft

Projected width of building A = 
27’ 3 ¾” 

Projected width is greater than 
1/3 of the proposed building 
width ✓

Shading from 
Building A is required 
to be modeled

Quiz #1

Question: Would shading 
from Building B need to be 
modeled?

A. Yes

B. No



Quiz #1

Answer: A Yes

Criteria 1 check: 

Distance from proposed 
building = 8’ 6 5/6” 

Height = 50 ft

Height is greater than the 
distance from the proposed 
building ✓

Criteria 2 check:

1/3 width of proposed = 30’ 4” 
* (1/3) = 10.11 feet

Projected width of building A = 
25’ 4” 

Projected width is greater than 
1/3 of the proposed building 
width ✓

Shading from 
Building B is required 
to be modeled

TEDI Calculations: General Approach

• Emphasizes reducing heating and cooling loads by improvements to the 
building envelope and ventilation system design regardless of system type or 
efficiency. 

• The heating TEDI is the annual heating energy delivered to the spaces and 
ventilation within the building to maintain heating thermostat setpoints 
normalized by the floor area. 

• The cooling TEDI is the annual energy extracted from the spaces and ventilation 
to maintain cooling thermostat setpoint normalized by the floor area.

Heating TEDI
Σ Space and Ventilation Heating Output [kBtu]

Modeled Floor Area [ft2]

kBtu

ft2[ ] =

Σ Space and Ventilation Cooling Output [kBtu]

Modeled Floor Area [ft2]

kBtu

ft2[ ] =Cooling TEDI



TEDI Calculations: Heating and Cooling Output

Σ Space and Ventilation Heating Output = the annual heating output of all systems in the 
building that maintain space temperature setpoints and heat ventilation air including the 
heating coils of the central air systems (e.g., make-up air units and air handling units) and 
terminal equipment (e.g., fan coils, heat pumps and unit heaters).

Σ Space and Ventilation Cooling Output = the annual cooling output of all HVAC systems that 
maintain space temperature setpoints and cool ventilation air, including but not limited to 
the cooling coils of the central air systems (e.g., make-up air units and air handling units) 
and terminal equipment (e.g., fan coils, heat pumps).

PURCHASED 
ELECTRICITY

HEAT PUMPS

LIGHTING
MISC. EQUIPMENT
SERVICE WATER HEATING
FANS
PUMPS
ETC.

SITE EUI
HEAT TO 
SPACES

HEAT FROM 
SPACES

HEATING 
TEDI

COOLING
TEDI

Simulation Guidelines 
Annex 1 includes steps 
for extracting the 
simulation outputs 
necessary to calculate 
cooling and heating 
TEDI from the 
simulation reports 
generated by the 
approved energy 
modeling tools. 

Quiz #2

Choose the correct statement.

A. TEDI and site energy usage index (EUI) 
are identical concepts.

B. Site energy usage index (EUI) 
represents the annual heating (or 
cooling) load on the HVAC systems (e.g., 
it represents the heating (or cooling) 
“need”).

C. TEDI represents the annual amount of 
energy used to operate equipment that 
heats (or cools) the spaces and 
ventilation air.

D. TEDI and site energy usage index (EUI) 
are distinct concepts. 



Quiz #2

Choose the correct statement.

A. TEDI and site energy usage index (EUI) 
are identical concepts.

B. Site energy usage index (EUI) 
represents the annual heating (or 
cooling) load on the HVAC systems (e.g., 
it represents the heating (or cooling) 
“need”).

C. TEDI represents the annual amount of 
energy used to operate equipment that 
heats (or cools) the spaces and 
ventilation air.

D. TEDI and site energy usage index (EUI) 
are distinct concepts. 

Quiz #3

True or False: Heating TEDI is the same as 
heating peak demand.

A. True

B. False



Quiz #3

True or False: Heating TEDI is the same as 
heating peak demand.

A. True

B. False

Modeled floor area: the total enclosed floor area of the building, 
as reported by the simulation program, including conditioned 
and excluding unconditioned spaces.

Conditioned space (from IECC 2021): an area, room or space 
that is enclosed within the building thermal envelope that is 
directly or indirectly heated or cooled. Spaces are indirectly 
heated or cooled where they communicate through openings 
with conditioned spaces, where they are separated from 
conditioned spaces by uninsulated walls, floors, or ceilings, or 
where they contain uninsulated ducts, piping or other sources of 
heating or cooling. 

Unconditioned space (from 90.1 2019): an enclosed space 
within a building that is not a conditioned space.

TEDI Calculations: 
Modeled Floor Area



What if my project has a lot of heated only space? 

If modeling as-designed HVAC systems per Sections 13.3 and 
13.4 and heated only thermal zone floor area accounts for more 
than 10% of the modeled floor area, then the heated only floor 
area shall be subtracted from the Modeled Floor Area for the 
purposes of determining the Cooling TEDI. 

Can unconditioned spaces be included in the energy model 
but be modeled as unconditioned and excluded from the 
Modeled Floor Area when determining TEDI? 

Yes

How should atriums and other double heighted spaces be 
accounted for in the Modeled Floor Area? 

The Modeled Floor Area must include only the floor area of the 
atrium and/or double heighted space. In other words, the 
footprint of the space is only counted once in the Modeled Floor 
Area.

Modeled Floor Area: 
Special Cases and Rules

Quiz #4

Which of the following would be included in 
the Modeled Floor Area?

a. Parking garage thermally isolated from 
adjacent conditioned spaces (i.e., not 
enclosed within the building thermal 
envelope).

b. Crawl space thermally isolated from 
adjacent conditioned spaces (i.e., not 
enclosed within the building thermal 
envelope).

c. Storage room with no HVAC equipment 
serving it directly and with no insulation 
between it and adjacent directly 
conditioned spaces.

d. Storage room with no HVAC equipment 
serving it directly and with insulation 
isolating it from adjacent directly 
conditioned spaces.



Quiz #4

Which of the following would be included in 
the Modeled Floor Area?

a. Parking garage thermally isolated from 
adjacent conditioned spaces (i.e., not 
enclosed within the building thermal 
envelope).

b. Crawl space thermally isolated from 
adjacent conditioned spaces (i.e., not 
enclosed within the building thermal 
envelope).

c. Storage room with no HVAC equipment 
serving it directly and with no insulation 
between it and adjacent directly 
conditioned spaces.

d. Storage room with no HVAC equipment 
serving it directly and with insulation 
isolating it from adjacent directly 
conditioned spaces.

Quiz #5

Assuming all spaces within the building 
shown on the slide are conditioned what 
would be the Modeled Floor Area of the 
building?

A. 20,400 sf

B. 10,200 sf

C. 13,800 sf



Quiz #5

Assuming all spaces within the building 
shown on the slide are conditioned what 
would be the Modeled Floor Area of the 
building?

Answer: C

(60’ x 60’ x 2 floors) + (110’ x 60’ x 1 floor) = 
13,800 ft2

Unmet Load Hour Limits

Unmet load hours shall not exceed 300 (of the 8760 hours simulated). 

Unmet load hours exceeding these limits shall be permitted to be accepted by the 
AHJ, provided that sufficient justification is given indicating that the accuracy of 
the simulation is not compromised by these unmet loads.

When might a reviewer consider accepting unmet load hours greater than the 
allowed limited?

• Small margin

• Low applicable floor area

• Small rise or drop in temperature outside of acceptable range

Unmet load hour: 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 
defined as an unmet load hour.



Systems that do not interact with heating and cooling loads of 
the building or that are not permanent must be excluded from 
the simulations. 

• Exterior lighting system power and controls 

• Heating loads unrelated to maintaining indoor air related 
occupant comfort such as swimming pool water heaters, 
outdoor comfort heating (e.g., patio heaters and exterior 
fireplaces), gas-fired appliances (stoves and dryers), heat 
tracing. 

• Renewable energy systems including but not limited to PV 
and solar thermal hot water collectors 

• Other electricity generation systems such as combined heat 
and power. 

• Service water heating systems.

Systems Excluded 
from the Simulation

Which of the following 
systems/components should be included 
in the TEDI model?

A. Swimming pool heater

B. Heat trace on hot water piping running 
through a parking garage

C. Perimeter electric resistance 
supplemental heating when modeling 
as-designed systems

D. Exterior lighting

Quiz #6



Which of the following 
systems/components should be included 
in the TEDI model?

A. Swimming pool heater

B. Heat trace on hot water piping running 
through a parking garage

C. Perimeter electric resistance 
supplemental heating when modeling 
as-designed systems

D. Exterior lighting

Quiz #6

a. Opaque envelope insulation accounting for thermal bridges 
and thermal mass effects 

b. Fenestration area and orientation 

c. Thermal and solar properties of windows and skylights 

d. Shape of exterior envelope 

e. Envelope air leakage 

f. Building orientation 

g. Fixed exterior shading (e.g., fenestration set back in 
envelope plane, side fins, and overhangs) and site shading 
(e.g., from surrounding buildings). 

h. Mechanical ventilation rate when it exceeds the prescribed 
value determined in 13.4.1.

i. Exhaust air energy recovery effectiveness.

Systems That Must Be 
Modeled as Specified



Prescribed 
Simulation Inputs

Prescribed inputs correspond to the design 
elements and operating conditions that are 
not meant to impact compliance. Examples of 
prescribed inputs: 

a. Weather file (unless alternative is 
approved by AHJ)

b. Minimum mechanical ventilation rates, 
except when the specified ventilation rate 
exceeds the prescribed value determined 
in 13.4.1

c. Interior lighting system power and controls 

d. Miscellaneous plug and process loads 
and schedules 

e. Operating and occupancy schedules such 
as building operating hours, lighting 
runtime, thermostat setpoints, etc. 

HVAC Modeling Requirements

HVAC Option 1: Model default HVAC system prescribed in the TEDI Technical Guidelines

• Required for buildings and areas within the building for which HVAC systems are not 
designed and are not shown on the construction documents.

• Allowed for all other buildings.

HVAC Option 2: Model as-designed HVAC Systems and Controls

• Allowed for projects where an HVAC system has been designed and submitted with design 
documents

• The modeled HVAC systems must be consistent with design documents with the following 
exceptions (this also applies to Option 1):

o Airflows and heating and cooling capacities must be auto-sized using a prescribed 
methodology. 

o Modeled ventilation rates must be determined as follows:

• As specified if the specified rate (1) exceeds the prescribed ventilation rate AND (2) 
exceeds the minimum code requirements by more than 135%, 

• Prescribed ventilation rate for the building use type in all other cases

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



Floor Plan Modeling: 
Thermal Blocks

Required for projects modeling as-
designed HVAC systems (Option 1): 
Thermal blocks shall be modeled as 
prescribed in 90.1 2019 Appendix G Table 
G3.1, Proposed Building Performance 
column Row 9 for multifamily buildings and 
Row 7 for all other occupancy types.

Exception (Option 2): Projects that are 
modeled with the default HVAC system 
following Section 13.2 are permitted to be 
modeled with the default thermal blocks as 
prescribed in Sections 8.2 and 8.3 

Floor Plan Modeling 
Thermal Blocks: 90.1 2019 Appendix G Table G3.1, Proposed 
Building Performance Column Rules, Rows 7 and 9

HVAC zones must be modeled individually or combined into a 
single thermal block if all of the following conditions are met: 

• The space use classification is the same throughout the 
thermal block

• All HVAC zones in the thermal block that are adjacent to 
glazed exterior walls face the same orientation or their 
orientations vary by less than 45 degrees.

• All of the zones are served by the same HVAC system or by 
the same kind of HVAC system.

• Separate thermal blocks shall be modeled for zones having 
floors that are in contact with the ground or exposed to 
ambient conditions and for zones having exterior ceiling or 
roof assemblies from zones that do not share these features.

Special rules for residential spaces:

• 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 be 
combined with similar units.



A project is a one-story town hall served by six 
single-zone roof-top units (RTU 1 – RTU 6). 

How many thermal blocks should be modeled? 

A. Twenty-eight, one for each space

B. Six, with all spaces served by each single-
zone RTU modeled as one thermal block

C. Three, including one for auditorium (RTU-
1), one for all spaces served by RTU-4, and 
another one for all offices served by RTUs 
2,3,5 &6 (they can be aggregated since 
each zone is the same occupancy type)

D. One, because the entire building is a 
commercial occupancy

E. Other

Quiz #7

A project is a one-story town hall served by six 
single-zone roof-top units (RTU 1 – RTU 6). 

How many thermal blocks should be modeled? 

A. Twenty-eight, one for each space

B. Six, with all spaces served by each single-
zone RTU modeled as one thermal block

C. Three, including one for auditorium (RTU-
1), one for all spaces served by RTU-4, and 
another one for all offices served by RTUs 
2,3,5 &6 (they can be aggregated since 
each zone is the same occupancy type)

D. One, because the entire building is a 
commercial occupancy

E. Other

Quiz #7



A ten-story multifamily building has the same floor plan on each 
floor. Stairwells and corridor each have thermostatically controlled 
electric resistance baseboards. Trash room does not have 
thermostat but has exhaust fan pulling air from corridor. Elevator 
shaft is NOT part of the building thermal envelope. 

How many thermal blocks must be explicitly modeled on each 
multifamily floor?

A. One - all spaces on each floor may be aggregated into one 
thermal block

B. Three - one thermal block includes corridor and trash room, 
another includes stairwells, and third with all apartments

C. Six - one thermal block includes corridor and trash room, 
another includes stairwells, plus three thermal blocks each 
including all apartments facing the same exposure 

D. Nine - one thermal block includes corridor and trash room, 
another includes stairwells, plus 7 thermal blocks for 
apartments because corner apartments cannot be aggregated 
into the same thermal block with non-corner apartments

E. Other

Quiz #8

A ten-story multifamily building has the same floor plan on each 
floor. Stairwells and corridor each have thermostatically controlled 
electric resistance baseboards. Trash room does not have 
thermostat but has exhaust fan pulling air from corridor. Elevator 
shaft is NOT part of the building thermal envelope. 

How many thermal blocks must be explicitly modeled on each 
multifamily floor?

A. One - all spaces on each floor may be aggregated into one 
thermal block

B. Three - one thermal block includes corridor and trash room, 
another includes stairwells, and third with all apartments

C. Six - one thermal block includes corridor and trash room, 
another includes stairwells, plus three thermal blocks each 
including all apartments facing the same exposure 

D. Nine - one thermal block includes corridor and trash room, 
another includes stairwells, plus 7 thermal blocks for 
apartments because corner apartments cannot be aggregated 
into the same thermal block with non-corner apartments

E. Other

Quiz #8



Floor Plan Modeling 
Thermal Blocks: Exception for 
Projects Modeling Default 
HVAC Systems

Required for projects modeling as-
designed HVAC systems (Option 1): 
Thermal blocks shall be modeled as 
prescribed in 90.1 2019 Appendix G Table 
G3.1, Proposed Building Performance 
column Row 9 for multifamily buildings and 
Row 7 for all other occupancy types.

Exception (Option 2): Projects that are 
modeled with the default HVAC system 
following Section 13.2 are permitted to be 
modeled with the default thermal blocks as 
prescribed in Sections 8.2 and 8.3 

Floor Plan Modeling 
Thermal Blocks: Exception for 
Projects Modeling Default 
HVAC Systems

Floor Plan Option 2:  Projects modeled 
with default HVAC system may use default 
perimeter/core thermal blocks based on 
building use type. 

The building geometry simplifications are 
similar to those appropriate for early design 
modeling cycles, such as the Load 
Reduction cycle, described in the ASHRAE 
Standard 209 Computer Simulation Aided 
Design. They allow evaluating compliance 
with Section C407.1 early in the design 
process before the building programming 
and HVAC zoning schemes are finalized. 



Default Thermal Blocks

Building 

Use Type
Types of Thermal Blocks

Residential

• Residential areas (dwelling units and 

dormitory rooms; perimeter/core not 

required)

• Supporting areas (corridors, stairs, trash 

rooms, lobbies, mechanical rooms; 

perimeter/core not required)

• Nonresidential areas (lounges, laundry, 

leasing office, fitness rooms, common 

bathrooms, community rooms, etc.)

K-12 Schools

• Cafeteria; Gymnasium; Auditorium 

(perimeter/core not required)

• School (classrooms, corridors, restrooms, 

offices)

Offices, fire 

stations, libraries, 

police stations, post 

offices, town halls

• Office thermal blocks representing spaces 

typical for office buildings 

A separate thermal block shall be provided for 
each space adjacent to glazed exterior walls 
by orientation (except for orientations that 
differ by less than 45 degrees). Each thermal 
block shall include all floor area that is 15 feet 
or less from a glazed perimeter exterior wall.

Separate thermal blocks shall be modeled for 
zones having floors that are in contact with 
the ground or exposed to ambient conditions 
and for zones having exterior ceiling or roof 
assemblies from zones that do not share 
these features.

Zones served by mechanical systems with 
exhaust air energy recovery shall not be 
aggregated into the same thermal block with 
zones served by mechanical systems that do 
not have exhaust air energy recovery.

Other Rules for Default 
Thermal Blocks

Office Example (all zones are 

served by HVAC system with 

exhaust air energy recovery)



Perimeter Core Zoning

Simple graphic to illustrate concept. Assumes 
that each orientation includes fenestration.

Office Example (all zones are served by HVAC 

system with exhaust air energy recovery)

True or False: Projects modeling default 
HVAC systems are also required to use the 
default approach in Sections 8.2 and 8.3 for 
establishing thermal blocks (i.e., 
perimeter/core zoning)?

A. True

B. False

Quiz #9



True or False: Projects modeling default 
HVAC systems are also required to use the 
default approach in Sections 8.2 and 8.3 for 
establishing thermal blocks (i.e., 
perimeter/core zoning)?

A. True

B. False

Quiz #9

Building Envelope Shape and Areas 
Required Alignment

• The total modeled floor area of conditioned spaces shall be within 5% of the gross 
floor area shown on the architectural drawings unless justification is provided to 
AHJ.

• The modeled floor area of residential and nonresidential thermal blocks in 
residential buildings and cafeteria, gymnasium and auditorium thermal blocks in 
K-12 schools shall be within 5% of the actual design shown on construction 
documents. 

• The modeled exterior envelope geometry must be consistent with construction 
documents, including proper accounting of fenestration and opaque building 
envelope types and areas. 

• Each modeled thermal block must reflect the total area, type and orientation of 
opaque surfaces (i.e., above and below-grade exterior walls, roof, above and below 
grade floors) and fenestration associated with the spaces included in the block. 

Common reasons for the deviation between the modeled floor area and the floor area 
reported on construction documents include differences in accounting for area taken 
by interior partitions, mechanical chutes and stairwells and thickness of exterior 
walls.



• All components of the building envelope must be modeled as 

shown on architectural drawings 

• Simulation must account for thermal mass of the exterior 

surfaces. 

• Exterior walls must be modeled with the U-factors derated to 

account for thermal bridging as required in Section C402.7. 

• Fenestration must be modeled based on NFRC rating or using 

default (inefficient) properties (90.1 Table A8.1 for skylights & 

Table A8.2 for vertical fenestration).

• Manual shading devices, such as blinds or shades, may only be 

modeled in the residential spaces. 

• Automatically controlled shades or blinds must not be modeled.

• Permanent shading such as from fins, overhangs, light shelves 

and fenestration setbacks must be modeled. 

• Automatically or manually controlled dynamic glazing may be 

modeled. 

Building Envelope Properties

True or False: Projects can include 
permanent shading such as overhangs in 
TEDI models?

A. True

B. False

Quiz #10



True or False: Projects can include 
permanent shading such as overhangs in 
TEDI models?

A. True

B. False

Quiz #10

Infiltration 
(i.e. Air Leakage)

• The modeled air leakage rate of the 
building envelope shall be based on air 
leakage testing completed following 
Section C402.5.2. 

• Since model will ultimately be updated to 
reflect the test results, avoid using overly 
optimistic air leakage assumptions to 
ensure that TEDI compliance is not 
jeopardized. 

For example, 0.35 cfm/ft2 at 75Pa, the 
maximum allowed in Section C402.5.2, 
may be used as an early air leakage 
estimate. 



Infiltration Modeling

• The air leakage rate of the building 
envelope shall be converted to 
appropriate units for the simulation 
program using one of the methods in 
90.1 90.1 Section G3.1.1.4.

• The infiltration flow shall be assigned to 
the thermal blocks in proportion to the 
area of surfaces adjacent to exterior.

• Infiltration schedule shall be as specified 
in the Schedules and Loads Guidelines 
Supplement for the appropriate thermal 
block type.

A. Gross floor area: 12,918 ft2

B. Gross roof area: 12,918 ft2

C. Slab-on-grade floor area: 12,918 ft2

D. Total gross above grade exterior wall 
area: 6,545 ft2

E. Total volume: 161,058 ft3

A 12,918 ft2 office building completed air 
leakage testing, and the rate measured 
following ASTM E3158 test is 0.30 cfm/ft2 at 
a pressure differential of 0.3 inch water 
gauge (75 Pa). How should air leakage be 
modeled for each thermal block given that 
the infiltration flow is required to be 
assigned to the thermal blocks in proportion 
to the area of surfaces adjacent to exterior?

Modeling Infiltration 
Example



Modeling Infiltration (Mistake in 90.1)

Definition of floor in 90.1 2019

The TEDI limits and guidelines were developed with this mistake (i.e., excluding slab on grade floors) 

so it is important to also exclude them when calculating “S” for your projects (per communication 

with MA DOER it is also okay to exclude below grade and exposed floor area as well).

Whole building level calculations:

A. Gross floor area: 12,918 ft2

B. Gross roof area: 12,918 ft2

C. Slab-on-grade floor area: 12,918 ft2

D. Total gross above grade exterior wall area 6,545 ft2

E. Total volume: 161,058 ft3

I75Pa = 0.3 CFM/ft2 (test result)

I = 0.3 CFM/ft2  * 0.112 = 0.0336 CFM/ft2

S = 12,918 ft2 + 6,545 ft2 = 19,463 ft2

Q75Pa = 0.3 CFM/ft2 * 19,463 ft2 = 5,838.9 CFM

Q = 0.0336 CFM/ft2 * 19,463 ft2 = 654 CFM

IFLR = 654 CFM/12,918 ft2 = 0.051 CFM/ft2 

IAGW = 654 CFM/6,545 ft2 = 0.099 CFM/ft2

ACH =  (654 CFM * 60)/161,058 ft3 =  0.2436

Modeling Infiltration Example



Calculations for modeling air leakage for each thermal block (required)

I75Pa = 0.3 CFM/ft2 (test result)

Modeling Infiltration Example

Variable ID: a1 a2 b c d e = b+c f g=f*0.112 h=f*e j=g*e k=j/a1 m=j/b n=(j*60)/a2

Thermal Block

Floor 

Area [ft2]

Volume 

[ft3]

Ext Wall 

Area [ft2]

Roof 

Area [ft2]

SOG Area 

[ft2] S [ft2]

I75Pa 

[CFM/ft2]

I 

[CFM/ft2]

Q75Pa 

[CFM]

Q 

[CFM/ft2]

IFLR 

[CFM/ft2]

IAGW 

[CFM/ft2] ACH

STORY 1 WEST UPPER PERIMETER SPACE 759 9,464 818 759 759 1,577 0.30 0.034 473 53 0.069814 0.064775 0.34

STORY 1 SOUTH CORE SPACE 2,338 29,152 0 2,338 2,338 2,338 0.30 0.034 701 79 0.033600 0.000000 0.16

STORY 1 SOUTH UPPER LEFT PERIMETER 

SPACE 492 6,134 409 492 492 901 0.30 0.034 270 30 0.061539 0.074008 0.30

STORY 1 WEST LOWER PERIMETER SPACE 984 12,267 818 984 984 1,802 0.30 0.034 541 61 0.061539 0.074008 0.30

STORY 1 NORTH PERIMETER SPACE 1,743 21,732 1,636 1,743 1,743 3,379 0.30 0.034 1,014 114 0.065142 0.069392 0.31

STORY 1 NORTH CORE SPACE 3,608 44,981 0 3,608 3,608 3,608 0.30 0.034 1,082 121 0.033600 0.000000 0.16

STORY 1 EAST UPPER PERIMETER SPACE 759 9,464 818 759 759 1,577 0.30 0.034 473 53 0.069814 0.064775 0.34

STORY 1 EAST LOWER PERIMETER SPACE 984 12,267 818 984 984 1,802 0.30 0.034 541 61 0.061539 0.074008 0.30

STORY 1 SOUTH UPPER LEFT PERIMETER 

SPACE 1 492 6,134 409 492 492 901 0.30 0.034 270 30 0.061539 0.074008 0.30

STORY 1 SOUTH LOWER PERIMETER SPACE 759 9,464 818 759 759 1,577 0.30 0.034 473 53 0.069814 0.064775 0.34

Total 12,918 161,058 6,545 12,918 12,918 19,463 - - 5,839 654 - - -

Model inputs for eQuest:

Modeling Infiltration Example

Thermal Block ACH

STORY 1 WEST UPPER PERIMETER SPACE 0.34
STORY 1 SOUTH CORE SPACE 0.16

STORY 1 SOUTH UPPER LEFT PERIMETER 
SPACE 0.30
STORY 1 WEST LOWER PERIMETER SPACE 0.30
STORY 1 NORTH PERIMETER SPACE 0.31
STORY 1 NORTH CORE SPACE 0.16
STORY 1 EAST UPPER PERIMETER SPACE 0.34
STORY 1 EAST LOWER PERIMETER SPACE 0.30

STORY 1 SOUTH UPPER LEFT PERIMETER 
SPACE 1 0.30
STORY 1 SOUTH LOWER PERIMETER SPACE 0.34



Modeling Infiltration Example

The guidelines say to model infiltration in Openstudio/E+ using the  
ZoneInfiltraton:DesignFlowRate object and the “Flow/ExteriorArea”  Design Flow 
Rate Calculation Method. This method excludes slab on grade floor area.

0.3 cfm75Pa/sf * 0.112 = 0.0336 cfm/sf at normal pressure

IESVE- model 
based on a 
room/template 
level (Space 
Data) whereby a 
formula profile 
may be applied, 
referencing wind 
speed and or 
wind direction. 

True or False: The same ACH value can be 
modeled for all thermal blocks in the energy 
model?

A. True

B. False

Quiz #11



Quiz #11

True or False: The same ACH value can be 
modeled for all thermal blocks in the energy 
model?

A. True

B. False

The infiltration flow shall be assigned to the 
thermal blocks in proportion to the area of 
surfaces adjacent to exterior.

True or False: Projects can model a leakage 
rate of 0.35 CFM/sf at 75 Pa in lieu of the 
actual testing results.

A. True

B. False

Quiz #12



Quiz #12

True or False: Projects can model a leakage 
rate of 0.35 CFM/sf at 75 Pa in lieu of the 
actual testing results.

A. True

B. False

It is wise to use a conservative leakage rate 
of 0.35 when conducting TEDI modeling early 
in the design but ultimately the actual 
measured leakage will need to be modeled in 
the final design model. 

Standardized Assumptions

• Included in Tables 1-6 in the Schedules and Loads Guideline Supplement. 
Parameters shall be modeled based on building use type and square footage, and 
thermal block use type. Parameters with standardized assumptions:
o Interior lighting power and schedules.
o Miscellaneous loads and schedules.
o OA CFM ventilation rates and schedules (with exceptions).
o Occupant densities and schedules.
o Occupant heat gains

• Daylighting shall not be modeled in residential thermal blocks. In all other thermal 
blocks daylighting shall be modeled as prescribed.

• Default HVAC assumptions are in Sections 13.2.2-13.2.9



Question: How do I determine what ventilation rates to model for 
a 100,000 ft2 school project based on the TEDI guidelines 
requirements from Section 13.4.1 below?

Section 13.4.1 Minimum Ventilation Flow Rates

The minimum ventilation flow rate shall be modeled using the OA 
CFM/sf rate from Tables 1-6 in the Schedules and Loads 
Guideline Supplement for the building use type, area, and 
thermal block type.

Exception: The specified rate shall be modeled when both of the 
following applies: 

• The specified ventilation rate exceeds the minimum 
requirements of applicable codes and standards by more than 
135% AND 

• 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. 

OA CFM Example

OA CFM Example

Occupancy Category
Floor 
Area

People 
Outdoor Air

Rate

Area 
Outdoor
Air Rate

Default 
Occupant
Density

Ventilation Minimum 
Requirement

135% of Minimum 
Requirement

Ventilation Design 
Values

Does my 
Design 
Value 

Exceed 
Minimum 
Requirem

ents by 
more 
than 

135%?

Required Modeled 
Ventilation Rates

Units
Square 

Footage
CFM/Person CFM/ft² #/1000 ft² CFM CFM/ft² CFM CFM/ft² CFM CFM/ft² CFM CFM/ft²

Source of Information
From 

Drawings
From ASHRAE 62.1 Table 6-1 Calculated Calculated From Drawings

From the Schedule 
and Loads 
Guidelines 

Supplement

A B C D
E=A*C+A*B*

D/1000
F=E/A G = E *135% H = G/A - - K = J*A J

Classrooms (age 9 plus) 65,000 10 0.12 35 30,550 0.47 41,243 0.63 38,425 0.59 No 24,700 0.38

Media center 5,000 10 0.12 25 1,850 0.37 2,498 0.50 2,050 0.41 No 1,900 0.38

Science laboratories 5,000 10 0.18 25 2,150 0.43 2,903 0.58 2,901 0.58 No 1,900 0.38

Computer lab 7,500 10 0.12 25 2,775 0.37 3,746 0.50 3,201 0.43 No 2,850 0.38

Corridors 17,500 0.06 1,050 0.06 1,418 0.08 1,375 0.08 No 6,650 0.38

Total 100,000 38,375 0.38 51,806 0.52 47,952 0.48 - 38,000 0.38

Answer:

Minimum required outdoor air and specified ventilation rates shall be documented 

as described in Section C103.2 #16. 



Select which of the following model inputs are 
the same across all office buildings modeled 
for TEDI compliance in all circumstances?

A. Lighting W/sf and schedules

B. Miscellaneous equipment W/sf and 
schedules

C. Occupant density and schedules

D. Ventilation rate CFM/sf

Quiz #13

Select which of the following model inputs are 
the same across all office buildings modeled 
for TEDI compliance in all circumstances?

A. Lighting W/sf and schedules

B. Miscellaneous equipment W/sf and 
schedules

C. Occupant density and schedules

D. Ventilation rate CFM/sf

Quiz #13



Cafeteria/Kitchen Example

Question: What do I model for the loads and schedules for a 15,000 ft2 kitchen/cafeteria in a 
250,000 ft2 school project?

Schedules are modeled the same for all cafeteria/kitchens.

Cafeteria/Kitchen Example

First coefficient Last coefficient Kitchen/
café ft2 Value to Model

Variable ID: A B C =(A+((C-9,040)*B))/C
Misc. Loads W/sf 140,120 2.33 15,000 10.3
Lighting Power W/sf 4,700 0.48 15,000 0.50
Ventilation Rate CFM/sf 10,761 0.45 15,000 0.90
Occupancy Density sf/Person 122,075 58.9 15,000 31.5

Answer:



HVAC Modeling Requirements Reminder

HVAC Option 1: Model default HVAC system prescribed in the TEDI Technical Guidelines

• Required for buildings and areas within the building for which HVAC systems are not 
designed and are not shown on the construction documents.

• Allowed for all other buildings.

HVAC Option 2: Model as-designed HVAC Systems and Controls

• Allowed for projects where an HVAC system has been designed and submitted with design 
documents

• The modeled HVAC systems must be consistent with design documents with the following 
exceptions (this also applies to Option 1):

o Airflows and heating and cooling capacities must be auto-sized using a prescribed 
methodology. 

o Modeled ventilation rates must be determined as follows:

• As specified if the specified rate (1) exceeds the prescribed ventilation rate AND (2) 
exceeds the minimum code requirements by more than 135%, 

• Prescribed ventilation rate for the building use type in all other cases

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

HVAC Option 1: Heating and Cooling System Type

Exception: K-12 school cafeterias (including dining 

and food preparation areas), auditoriums, and 

gymnasiums shall be modeled with variable volume 

single zone system that has same heating and cooling 

type as the remainder of the building.

The modeled heating and cooling system types shall be determined using Table 1 based on the building 

type and the total modeled floor area. Table 2 provides additional details for each system type.



The prescribed heating and cooling system types are not a 

design recommendation. 

The system types and parameters were used to verify TEDI 

targets. HVAC system types and parameters were selected 

based on the following considerations: 

• Typical systems and parameters expected for the building type 

and size so that models could be useful to design teams even 

with the default systems (i.e., the models could be used to 

assess multiple design decisions early in the design process).  

• To simplify the modeling process for TEDI by selecting simple 

systems and by providing modelers with readily available 

required model inputs. 

• To establish model inputs that avoid simultaneous heating and 

cooling (no multizone VAV systems are included). 

HVAC Option 1
Heating and Cooling System Type

Air economizers shall only be modeled for K-
12 school cafeterias (including dining and 
food preparation areas), auditoriums, and 
gymnasiums.

Air economizers shall be modeled with a 
differential dry bulb temperature control to set 
the outdoor airflow to minimum ventilation 
requirements when the dry-bulb temperature 
of outdoor air is higher than the dry-bulb 
temperature of the return air with a low 
temperature minimum temperature setpoint 
cutoff of 45F. 

Modeled air economizer systems shall be 
capable of and configured to modulate 
outdoor air and return air dampers to provide 
up to 100% of the design supply air quantity 
as outdoor air for cooling.

Exhaust air recovery shall be locked out 
during air economizer operation if applicable.

HVAC Option 1 
Air-Side Economizer



• Mechanical ventilation shall be provided by a dedicated outdoor air system (DOAS), de-
coupled from the system that provides heating and cooling. 

Exception: Single zone systems modeled following Section 13.2.1 Exception (a) shall be 
modeled as also providing mechanical ventilation to the thermal block (K-12 school cafeterias 
(including dining and food preparation areas), auditoriums, and gymnasiums)

HVAC Option 1
Mechanical Ventilation Systems

• Mechanical ventilation shall be provided by a dedicated outdoor air system (DOAS), de-
coupled from the system that provides heating and cooling. Exception: Single zone systems 
modeled following Section 13.2.1 Exception (a) shall be modeled as also providing mechanical 
ventilation to the thermal block (K-12 school cafeterias (including dining and food preparation 
areas), auditoriums, and gymnasiums)

• Demand control ventilation shall not be modeled.

HVAC Option 1
Mechanical Ventilation Systems



• Mechanical ventilation shall be provided by a dedicated outdoor air system (DOAS), de-
coupled from the system that provides heating and cooling. Exception: Single zone systems 
modeled following Section 13.2.1 Exception (a) shall be modeled as also providing mechanical 
ventilation to the thermal block (K-12 school cafeterias (including dining and food preparation 
areas), auditoriums, and gymnasiums)

• Demand control ventilation shall not be modeled.

• Exhaust air energy recovery effectiveness shall be modeled as specified. The modeled 
controls shall allow bypassing energy recovery to permit air economizer operation and allow 
free cooling when outdoor air conditions are favorable. Controls shall be modelled to prevent 
overheating or overcooling of the mixed/supply air by the system.

HVAC Option 1
Mechanical Ventilation Systems

• Mechanical ventilation shall be provided by a dedicated outdoor air system (DOAS), de-
coupled from the system that provides heating and cooling. Exception: Single zone systems 
modeled following Section 13.2.1 Exception (a) shall be modeled as also providing mechanical 
ventilation to the thermal block (K-12 school cafeterias (including dining and food preparation 
areas), auditoriums, and gymnasiums)

• Demand control ventilation shall not be modeled.

• Exhaust air energy recovery effectiveness shall be modeled as specified. The modeled 
controls shall allow bypassing energy recovery to permit air economizer operation and allow 
free cooling when outdoor air conditions are favorable. Controls shall be modelled to prevent 
overheating or overcooling of the mixed/supply air by the system.

• DOAS systems shall be modeled with preheating and precooling coils of the same type as 
modeled for the space conditioning heating and cooling systems. Exception: Projects 
modeling System 3 to provide heating and cooling shall model the DOAS system(s) providing 
minimum outdoor air requirements with an electric resistance heating coil and DX cooling coil.

HVAC Option 1
Mechanical Ventilation Systems



• Mechanical ventilation shall be provided by a dedicated outdoor air system (DOAS), de-
coupled from the system that provides heating and cooling. Exception: Single zone systems 
modeled following Section 13.2.1 Exception (a) shall be modeled as also providing mechanical 
ventilation to the thermal block (K-12 school cafeterias (including dining and food preparation 
areas), auditoriums, and gymnasiums)

• Demand control ventilation shall not be modeled.

• Exhaust air energy recovery effectiveness shall be modeled as specified. The modeled 
controls shall allow bypassing energy recovery to permit air economizer operation and allow 
free cooling when outdoor air conditions are favorable. Controls shall be modelled to prevent 
overheating or overcooling of the mixed/supply air by the system.

• DOAS systems shall be modeled with preheating and precooling coils of the same type as 
modeled for the space conditioning heating and cooling systems. Exception: Projects 
modeling System 3 to provide heating and cooling shall model the DOAS system(s) providing 
minimum outdoor air requirements with an electric resistance heating coil and DX cooling coil.

• The DOAS shall not heat supply air above 60°F when representative building loads or outdoor 
air temperature indicate that the majority of zones require cooling.

• The DOAS shall not cool supply air below 70°F when representative building loads or outdoor 
air temperature indicate that the majority of zones require heating. 

HVAC Option 1
Mechanical Ventilation Systems

• Mechanical ventilation shall be provided by a dedicated outdoor air system (DOAS), de-
coupled from the system that provides heating and cooling. Exception: Single zone systems 
modeled following Section 13.2.1 Exception (a) shall be modeled as also providing mechanical 
ventilation to the thermal block (K-12 school cafeterias (including dining and food preparation 
areas), auditoriums, and gymnasiums)

• Demand control ventilation shall not be modeled.

• Exhaust air energy recovery effectiveness shall be modeled as specified. The modeled 
controls shall allow bypassing energy recovery to permit air economizer operation and allow 
free cooling when outdoor air conditions are favorable. Controls shall be modelled to prevent 
overheating or overcooling of the mixed/supply air by the system.

• DOAS systems shall be modeled with preheating and precooling coils of the same type as 
modeled for the space conditioning heating and cooling systems. Exception: Projects 
modeling System 3 to provide heating and cooling shall model the DOAS system(s) providing 
minimum outdoor air requirements with an electric resistance heating coil and DX cooling coil.

• The DOAS shall not heat supply air above 60°F when representative building loads or outdoor 
air temperature indicate that the majority of zones require cooling.

• The DOAS shall not cool supply air below 70°F when representative building loads or outdoor 
air temperature indicate that the majority of zones require heating. 

• No dehumidification controls shall be modeled.

HVAC Option 1
Mechanical Ventilation Systems



Question: What default heating, cooling, and ventilation systems should be modeled for a 
320,000 ft2 K-12 school with a 34,000 ft2 gymnasium, a 10,600 ft2 auditorium, and a 9,040 ft2 
cafeteria, which includes a kitchen and dining area? Other space types include classrooms, 
lounges, corridors, restrooms, heated only storage rooms, mechanical rooms, and offices.

HVAC Option 1
System Type Selection Example

Answer: The following systems should be modeled: 

Heating and cooling systems 

• Based on Table 1, all school thermal blocks (including 
heated-only spaces) are modeled with heating and cooling 
provided by constant volume fan coil units with hot water 
and chilled water coils. (K-12 schools over 125,000 ft2)  

• Based on Section 13.2.1 Exception (a), the gymnasium, 
auditorium, and cafeteria are modeled with single zone 
variable volume units with hot water and chilled water coils

Ventilation systems

• Based on Section 13.2.2 (a), school thermal blocks must be 
modeled with the dedicated outdoor air system (DOAS), 
de-coupled from the heating and cooling systems (i.e., OA 
provided to thermal zone separately from the heating and 
cooling system)

• Based on the exception to Section 13.2.2 (a), the 
gymnasiums, cafeterias, and auditoriums shall be modeled 
with OA provided via the heating and cooling system 
serving the associated thermal blocks.

HVAC Option 1
System Type Selection Example



Question: The as-designed HVAC systems in the previous example all include exhaust air 
energy recovery with an enthalpy recovery ratio of 75% except for the systems serving 
heated only storage rooms. How should energy recovery be modeled? 

HVAC Option 1
System Type Selection Example

Question: The as-designed HVAC systems in the previous example all include exhaust air 
energy recovery with an enthalpy recovery ratio of 75% except for the system serving 
heated only storage room. How should energy recovery  be modeled? 

Answer: The following systems should be modeled: 

Per Section 13. 2.2.c exhaust air energy recovery must be modeled as specified. Therefore, 
exhaust air energy recovery with the 75% enthalpy recovery ratio is modeled for the DOAS 
system serving school thermal blocks, and for the single zone variable volume systems 
serving gymnasium, auditorium, and cafeteria (typical model inputs for exhaust air energy 
recovery are sensible and latent effectiveness, these would be modeled per the design). 

Exhaust air energy recovery is not modeled for the heated only thermal blocks because it is 
not specified for these areas. Note that these are modeled as both heated and cooled as 
there are no provisions for heating-only thermal blocks for a school project in Section 8.2. 
Also, following Section 8.3 (e) thermal blocks without energy recovery cannot be 
aggregated with thermal block with energy recovery specified. 

HVAC Option 1
System Type Selection Example



What heating and cooling system type should 
be modeled for a 25,000 square foot library?

A. Air source heat pumps

B. Fan coil units served by chiller and boiler

C. Water source heat pumps

D. Gas furnaces with DX cooling

Quiz #14

What heating and cooling system type should 
be modeled for a 25,000 square foot library?

A. Air source heat pumps

B. Fan coil units served by chiller and boiler

C. Water source heat pumps

D. Gas furnaces with DX cooling

Quiz #14



DOAS Temperature Control eQuest
Example: Multifamily Building

eQuest default DOAS supply air temperature setpoints

DOAS Temperature Control eQuest
Example

70˚F min for cooling and 60˚F max for heating

The DOAS shall not heat supply air above 60°F when representative building loads or outdoor air 
temperature indicate that the majority of zones require cooling.

The DOAS shall not cool supply air below 70°F when representative building loads or outdoor air 
temperature indicate that the majority of zones require heating. 



eQuest default DOAS supply 

air temperature setpoints

70F min for cooling and 

60F max for heating

No DOAS heating or cooling 

coils

HVAC Option 1
Unitary Equipment Efficiency (13.2.4)

• Air source heat pumps shall be modeled 
with a cooling efficiency of 3.74 
COPnfcooling and a heating efficiency 
of 3.66 COPnfheating at 47F DB. 

• Water source heat pumps shall be 
modeled with a cooling efficiency of 4.4 
COPnfcooling at an entering water 
temperature of 86F and a heating 
efficiency of 5.0 COPnfheating at an 
entering water temperature of 68F.

EIR = 1/3.66 = 0.2732



HVAC Option 1
Equipment Capacities 
and Sizing (13.2.5)

Heating and cooling coil capacities shall be 
auto sized based on sizing runs and shall be 
oversized by 15% for cooling and 25% for 
heating. The following design day conditions 
shall be used in the sizing runs:

• Space temperature design setpoints

o Summer: 75˚F DB

o Winter 70˚F DB

• Outdoor ambient design conditions

o Summer: 87˚F DB; 71˚F WB

o Winter 7˚F DB

• Design day schedules included in the 
Schedules and Loads Guidelines 
Supplement shall be used

Supply airflow rates for system 1 through 3 shall be auto sized and based on a 
supply-air-to-room temperature set-point difference of 20°F, or the minimum outdoor 
airflow rate, whichever  is greater. 

HVAC Option 1
Design Airflow Rates (13.2.6)

Cooling thermostat design temperature = 75˚F

Zone cooling design supply air temperature = 55˚F

75˚F-55˚F = 20˚F



Heating and cooling system fans that do not 
provide outside air to meet minimum 
ventilation requirements shall cycle on and 
of to meeting heating and cooling loads. 

DOAS fans shall operate continuously 
during occupied hours and remain off during 
unoccupied hours.

Heating and cooling system fans in single 
zone systems modeled following Section 
13.2.1 Exception a that provide outside air 
to meet minimum ventilation requirements 
(e.g., systems serving cafeterias, 
auditoriums, and gymnasiums) shall operate 
continuously during occupied hours and 
shall cycle to meet heating and cooling 
loads during unoccupied hours. 

HVAC Option 1 
Fan System Operation (13.2.7)

Design fan power shall be modeled per Table 3 and Table 4 in the guidelines based 
on the building type, areas served, and the system type.

HVAC Option 1
System Fan Power (13.2.8)

Table 3: Fan Power Modeling Requirements for Heating and Cooling Equipment

Table 4:  Fan Power Modeling Requirements for DOAS



Ventilation systems serving thermal blocks for which exhaust air energy recovery 
other than a coil runaround loop is specified in the proposed design shall be 
modeled with additional fan power determined as follows: 

HVAC Option 1
System Fan Power (13.2.8)

Table 4:  Fan Power Modeling Requirements for DOAS

1. For each airstream determine the pressure drop (PD) through the specified energy 
recovery device based on design documents and or manufacturer specification. 

2. Calculate the additional brake horsepower required to be modeled 
bhp = sum of (PD × cfmD/4131)
cfmD = the cfm of each applicable air stream

3. Convert bhp to kW =  bhp × 0.746/fan motor efficiency
Fan motor efficiency = the efficiency from ASHRAE 90.1 2019 Section 10 for the 
next motor size greater than the bhp.

This additional 

fan power is 

required to be 

modeled per 

below. It is not 

optional.

HVAC Option 1
System Fan Power Example

Table 4:  Fan Power Modeling Requirements for DOAS

Question: A multifamily project proposed design includes a central DOAS that serves all 
areas of the building that has an 80% sensible effectiveness, the pressure drop through 
each airstream (outdoor air and exhaust) is 1.35 in. of water. The outdoor air and exhaust 
CFM rates are 10,000 CFM each. What fan power is required to be modeled?

Answer: BHP = sum of (PD × cfmD/4131)

BHP = (1.35 inches of water * 10,000 CFM/4131) + (1.35 inches of water * 10,000 CFM/4131) = 
6.54 BHP → Section 10 motor efficiency = 91% (per 90.1 9019 Table 10.8-1)

Convert BHP to kW =  6.54 BHP × 0.746/91% = 5.36 kW

kW/CFM = 5.36 kW/10,000 CFM = 0.000536 kW/CFM

Total kW/CFM to model = 0.0005 kW/CFM (Table 4) * 10,000 CFM + 5.36 kW= 0.001036 
kW/CFM = 10.36 kW/10,000 CFM = 0.001036 kW/CFM



HVAC Option 1
System Fan Power Example

Table 4:  Fan Power Modeling Requirements for DOAS

Question: A multifamily project proposed design includes a central DOAS that serves all 
areas of the building that has an 80% sensible effectiveness, the pressure drop through 
each airstream (outdoor air and exhaust) is 1.35 in. of water. The outdoor air and exhaust 
CFM rates are 10,000 CFM each. What fan power should be modeled?

Answer: BHP = sum of (PD × cfmD/4131)

BHP = (1.35 inches of water * 10,000 CFM/4131) + (1.35 inches of water * 10,000 CFM/4131) = 
6.54 BHP → Section 10 motor efficiency = 91% (per 90.1 9019 Table 10.8-1)

Convert BHP to kW =  6.54 BHP × 0.746/91% = 5.36 kW

kW/CFM = 5.36 kW/10,000 CFM = 0.000536 kW/CFM

Total kW/CFM to model = 0.0005 kW/CFM (Table 4) * 10,000 CFM + 5.36 kW= 10.36 kW

kW/CFM = 10.36 kW/10,000 CFM = 0.001036 kW/CFM

HVAC Option 1
System 2 and 3: HW, CHW, and Condenser Water Parameters (13.2.9)

Includes modeling parameters for:

• Design and operating temperature 
setpoints and reset schedules

• Pumping power and loop 
configuration

• Type and efficiency of boilers, 
chillers, and cooling towers



HVAC Option 2
Modeling As-Designed 
HVAC Systems (13.3)

Where an HVAC system has been designed 
and submitted with design documents, the 
HVAC model shall be consistent with design 
documents including all components and 
controls except as prescribed in Section 13.4 
and in the Schedule and Loads Guidelines 
Supplement. 

Exception: System air flows and heating and 
cooling capacities shall be auto sized per 
Section 13.2.4.

HVAC Option 2
Modeling As-Designed HVAC 
Systems: Modeling Efficiency

Where efficiency ratings include supply fan 
energy, the efficiency rating shall be adjusted 
to remove the supply fan energy from the 
efficiency rating. 

The systems shall be modeled using 
manufacturers’ full- and part load data for the 
HVAC system without fan power.

• Supply fan power at AHRI rating conditions 
must be extracted from HVAC system 
efficiency ratings.

• The actual power of the specified fan must 
be modeled.

HVAC 

System

Supply Fan

HVAC 

Zones



• All the inputs above are from the manufacturer’s catalogs for AHRI Rated conditions.

• Equations are from the 90.1 User Manual.  

HVAC Option 2
Modeling As-Designed HVAC Systems: Modeling Efficiency

HVAC Option 2
Modeling As-Designed HVAC Systems: Modeling Efficiency Example



OA Modeling Requirements

Occupancy Category
Floor 
Area

People 
Outdoor Air

Rate

Area 
Outdoor
Air Rate

Default 
Occupant
Density

Ventilation Minimum 
Requirement

135% of Minimum 
Requirement

Ventilation Design 
Values

Does my 
Design 
Value 

Exceed 
Minimum 
Requirem

ents by 
more 
than 

135%?

Required Modeled 
Ventilation Rates

Units
Square 

Footage
CFM/Person CFM/ft² #/1000 ft² CFM CFM/ft² CFM CFM/ft² CFM CFM/ft² CFM CFM/ft²

Source of Information
From 

Drawings
From ASHRAE 62.1 Table 6-1 Calculated Calculated From Drawings

From the Schedule 
and Loads 
Guidelines 

Supplement

A B C D
E=A*C+A*B*

D/1000
F=E/A G = E *135% H = G/A - - K = J*A J

Classrooms (age 9 plus) 65,000 10 0.12 35 30,550 0.47 41,243 0.63 38,425 0.59 No 24,700 0.38

Media center 5,000 10 0.12 25 1,850 0.37 2,498 0.50 2,050 0.41 No 1,900 0.38

Science laboratories 5,000 10 0.18 25 2,150 0.43 2,903 0.58 2,901 0.58 No 1,900 0.38

Computer lab 7,500 10 0.12 25 2,775 0.37 3,746 0.50 3,201 0.43 No 2,850 0.38

Corridors 17,500 0.06 1,050 0.06 1,418 0.08 1,375 0.08 No 6,650 0.38

Total 100,000 38,375 0.38 51,806 0.52 47,952 0.48 - 38,000 0.38

The minimum ventilation flow rate shall be modeled using the OA CFM/sf rate from Tables 1-6 of the 
Schedules and Loads Guidelines Supplement for the building use type.

Exception: The specified rate shall be modeled when both of the following applies: 

• The specified ventilation rate exceeds the minimum requirements of applicable codes and standards 
by more than 135% AND 

• 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. 

An 60,000 sf office building has a design 
ventilation rate of 0.17 CFM/sf. The 
calculated minimum code required ventilation 
rate is 0.11 CFM/sf, what ventilation rate 
should be modeled?

A. 0.17 CFM/sf 

B. 0.11 CFM/sf 

C. 0.18 CFM/sf 

D. 0.15 CFM/sf 

Quiz #15



An 60,000 sf office building has a design 
ventilation rate of 0.17 CFM/sf. The 
calculated minimum code required ventilation 
rate is 0.11 CFM/sf, what ventilation rate 
should be modeled?

A. 0.17 CFM/sf 

B. 0.11 CFM/sf 

C. 0.18 CFM/sf, even though the design 
ventilation rate exceeds the minimum 
required rate by more than 135% (0.11 * 
135% = 0.149 CFM/sf), because the rate 
is less than the 0.18 CFM/sf from the 
Schedule and Loads Guidelines 
Supplement the value from the Schedule 
and Loads Guidelines Supplement is 
modeled. Only if it exceeded this value 
would the as-designed value be modeled. 

D. 0.15 CFM/sf 

Quiz #15

An 60,000 sf office building has a design 
ventilation rate of 0.30 CFM/sf. The 
calculated minimum code required ventilation 
rate is 0.23 CFM/sf, what ventilation rate 
should be modeled?

A. 0.30 CFM/sf 

B. 0.23 CFM/sf 

C. 0.18 CFM/sf 

D. 0.22 CFM/sf 

Quiz #16



An 60,000 sf office building has a design 
ventilation rate of 0.30 CFM/sf. The 
calculated minimum code required ventilation 
rate is 0.23 CFM/sf, what ventilation rate 
should be modeled?

A. 0.30 CFM/sf 

B. 0.23 CFM/sf 

C. 0.18 CFM/sf 

0.23 CFM/sf * 135% = 0.31 CFM/sf. Because 
the design value does not exceed minimum 
code requirements by more than 135% the 
value from the Schedules and Loads 
Guidelines Supplement is modeled. 

A. 0.22 CFM/sf 

Quiz #16

The minimum ventilation rate shall be 
modeled as follows for HVAC systems with 
demand-controlled ventilation:

• At the peak occupancy, VRmax shall 
equal the OA CFM/sf from Tables 1-6 of 
the Schedules and Loads Guidelines 
Supplement for the building use type or 
the specified ventilation rate if the rate 
exceeds minimum code requirements by 
more than 135%, whichever is greater.

• At the minimum occupancy, the minimum 
ventilation rate shall be no less than 
VRmin.

VRmax =CFMFPP x Per x  OFmax + Aflow 

VRmin =CFMFPP x Per x OFmin + Aflow

HVAC Option 2 
Modeling As-Designed 
HVAC Systems: Demand 
Controlled Ventilation



HVAC Option 2
Modeling As-Designed HVAC Systems: Demand Controlled Ventilation

Where: 
VRmax = CFMFPP x Per x  OFmax + Aflow 
VRmin = CFMFPP x Per x OFmin + Aflow 

VRmax = maximum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

VRmin = minimum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

HVAC Option 2
Modeling As-Designed HVAC Systems: Demand Controlled Ventilation

Where: 
VRmax = CFMFPP x Per x  OFmax + Aflow 
VRmin = CFMFPP x Per x OFmin + Aflow 

VRmax = maximum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

VRmin = minimum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

CFMFPP = flow per person, CFM/person from design documents or adjusted value to 
achieve a VRmax per the requirements of 13.3.d.i CFM/FT2. 

Per = inverse of the occupant density from Tables 1-6 of the Schedules and Loads 
Guidelines Supplement for the building use type.



HVAC Option 2
Modeling As-Designed HVAC Systems: Demand Controlled Ventilation

Where: 
VRmax = CFMFPP x Per x  OFmax + Aflow 
VRmin = CFMFPP x Per x OFmin + Aflow 

VRmax = maximum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

VRmin = minimum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

CFMFPP = flow per person, CFM/person from design documents or adjusted value to 
achieve a VRmax per the requirements of 13.3.d.i CFM/FT2. 

Per = inverse of the occupant density from Tables 1-6 of the Schedules and Loads 
Guidelines Supplement for the building use type.

OFmax = the maximum hourly fraction for the occupancy schedule from the Schedules 
and Loads Guidelines Supplement for the building use type.

OFmin = the minimum hourly fraction for the occupancy schedule from the Schedules 
and Loads Guidelines Supplement for the building use type.

HVAC Option 2
Modeling As-Designed HVAC Systems: Demand Controlled Ventilation

Where: 
VRmax = CFMFPP x Per x  OFmax + Aflow 
VRmin = CFMFPP x Per x OFmin + Aflow 

VRmax = maximum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

VRmin = minimum ventilation rate, CFM/ft2 accounting for the occupant ventilation 
requirement per person and per area separately. 

CFMFPP = flow per person, CFM/person from design documents or adjusted value to 
achieve a VRmax per the requirements of 13.3.d.i CFM/FT2. 

Per = inverse of the occupant density from Tables 1-6 of the Schedules and Loads 
Guidelines Supplement for the building use type.

OFmax = the maximum hourly fraction for the occupancy schedule from the Schedules 
and Loads Guidelines Supplement for the building use type.

OFmin = the minimum hourly fraction for the occupancy schedule from the Schedules 
and Loads Guidelines Supplement for the building use type.

Aflow (ventilation requirement/area) = minimum ventilation rate per unit area from 
design documents.



Question: A 150,000 ft2 school is demonstrating compliance with TEDI by modeling the 
specified HVAC systems as allowed in Section 13.1 b (i). The design includes demand-
controlled ventilation in classrooms based on 10 CFM/person and 0.16 CFM/ft2 design 
criteria. How should classroom ventilation be modeled? 

Answer: Step 1: Calculate VRmax  and VRmin for each classroom zone for which 
demand control ventilation is specified using the equations in Section 13.3 d and 
values from Schedules and Loads Guidelines Supplemental Workbook and design.

OFmax = 0.95 (“D-School” tab, the maximum value from School_BLDG_OCC_SCH)

OFmin = 0.15 (“D-School” tab, the minimum value from School_BLDG_OCC_SCH)

Per (occ/ft2) = 0.015 (Standardized Model Inputs tab, Table 3, School row, inverse of 
Occupant Density column, 1/66=0.015)

CFMFPP (CFM/per) = 10 (from design documents)

Aflow (CFM/FT2) = 0.16 (from design documents)

VRmax = 10 * 0.015 * 0.95 + 0.16 = 0.3 CFM/FT2 (CFMFPP x Per x  OFmax + Aflow)

VRmin = 10 * 0.015 * 0.15 + 0.16 = 0.18 CFM/FT2 (CFMFPP x Per x OFmin + Aflow)

HVAC Option 2
Modeling As-Designed HVAC Systems: Demand Controlled 
Ventilation Example

Answer continued: Step 2: Check if VRmax meets the requirement of 13.3.d.i. which 
stipulates that VRmax must be modeled as equal to OA CFM/sf from prescribed in 
Schedules and Loads Guidelines Supplement or the specified ventilation rate if the rate 
exceeds minimum code requirements by more than 135%, whichever is greater. 

OA (CFM/ft2) = 0.38 (“Standardized Model Inputs” tab, Table 3, School row, Ventilation 
Rate column)

Based on calculations in Step 1, VRmax is less than the OA CFM/ft2 , so the modeled 
CFMFPP must be adjusted up as follows:

Rearrange: CFMFPP * 0.015 * 0.95 + 0.16 = 0.38 CFM/ft2 → 
CFMFPP = (0.38 - 0.16) / (0.015 * 0.95) = 15 CFM/PP

Step 3: Recalculate VRmin using the adjusted CFMFPP:

VRmin = 15 * 0.015 * 0.15 + 0.16 = 0.19 CFM/ft2

The modeled ventilation in classrooms must be modeled as varying from VRmin = 0.19 
CFM/ft2 to VRmax = 0.38 CFM/ft2 based on occupancy using the 15 CFM/Per Person 
value. 

HVAC Option 2
Modeling As-Designed HVAC Systems: Demand Controlled 
Ventilation Example



A 21,000 ft2 office building is modeling as-
designed HVAC systems for TEDI 
compliance. The design specifies demand-
controlled ventilation (DCV) for the office 
zones, when determining the VRmax and 
VRmin values to model what should be the 
value of Per in the equation below (Per = 
occupant density)

A. 179 sf/person

B. 0.0056 people/sf

C. As-designed value.

D. DCV is not allowed to be modeled. 

Quiz #17

VRmax = CFMFPP x Per x  OFmax + Aflow 
VRmin = CFMFPP x Per x OFmin + Aflow 

Quiz #17

A 21,000 ft2 office building is modeling as-
designed HVAC systems for TEDI 
compliance. The design specifies demand-
controlled ventilation (DCV) for the office 
zones, when determining the VRmax and 
VRmin values to model what should be the 
value of Per in the equation below (Per = 
occupant density)

A. 179 sf/person

B. 0.0056 people/sf = 1/179

C. As-designed value.

D. DCV is not allowed to be modeled. 

VRmax = CFMFPP x Per x  OFmax + Aflow 
VRmin = CFMFPP x Per x OFmin + Aflow 



HVAC 
Other Modeling Requirements

Piping and ductwork losses shall not be 
modeled.

• For projects in which systems and components that must be 
modeled as designed following the guidelines have not yet 
been designed, those yet-to-be-designed features shall be 
modeled to comply with but not exceed the requirements of the 
most current version of 225 CMR 23: Massachusetts 
Commercial Stretch Energy Code. 

• Core and shell buildings where the details of the building 
occupancy is not known shall be categorized as an office 
building.

• For initial tenant fit-out projects, existing unmodified systems 
and components shall be modeled as- built. Section C401.2 
does not apply to subsequent tenant fit-out projects. Tenant fit-
outs after the initial tenant fit-out shall be treated as alterations 
or change of use as appropriate. 

Special Cases
Core and Shell and Initial Tenant Fit-Out



Following C502.1, large additions which are 
either more than 100% of the size of the 
existing building or equal to or greater than 
20,000-sf require conformance to C401.2. If 
the addition use type is office, dormitory, fire 
station, library, school, police station, post 
office, or town hall, the addition must show 
compliance with the Targeted Performance 
Compliance (C401.2 Part 2). In this scenario, 
the existing building shall be excluded from 
the model so that only the addition is 
modeled. Surfaces separating the addition 
from existing building shall be modeled as 
adiabatic. 

Special Cases
Additions

Question: A core and shell project has a 
complete envelope design, but interior 
partitions and the HVAC design will be 
completed by a future tenant. How should 
thermal zoning be determined? Should 
energy recovery be modeled?

Special Cases
Core and Shell Example



Question: A core and shell project has a 
complete envelope design, but interior 
partitions and HVAC design will be 
completed by future tenant. How should 
thermal zoning be determined? Should 
energy recovery be modeled?

Answer: Thermal blocks must be modeled 
following Section 8, Simplified Thermal 
Block approach. Since the building use type 
is unknown, office occupancy must be 
assumed. Energy recovery must be 
modeled as required in Section C403.7.4 for 
any of the modeled HVAC systems. 

Special Cases
Core and Shell Example

Question: A core and shell project with a 
complete envelope design was completed 
under a separate permit application during 
this code cycle. The current project is an 
initial tenant fit-out that includes the design 
of interior partitions and HVAC systems. 
How should the building envelope be 
modeled?

Special Cases
Tenant Fit-Out Example



Question: A core and shell project with a 
complete envelope design was completed 
under a separate permit application during 
this code cycle. The current project is an 
initial tenant fit-out that includes the design 
of interior partitions and HVAC systems. 
How should the building envelope be 
modeled?

Answer: Building envelope parameters 
should be modeled following Section 9 and 
10 of the guidelines with shape, areas and 
properties modeled consistently with 
existing conditions (i.e., as designed and 
constructed according to the core and shell 
project.)

Special Cases
Tenant Fit-Out Example

Extracting Simulation Results to Determine TEDI 
Openstudio/E+
Step 1: Open the eplustbl html output document generated by E+/Openstudio.

Step 2: Using the Table of Contents hyperlinks to navigate to the Energy Meters section.

Step 3: Scroll down to the “Annual and Peak Values – Other” table.

Step 4: The CoolingCoils:EnergyTransfer, HeatingCoils:EnergyTransfer, 
and, if applicable, the Baseboard:EnergyTransfer rows are the modeled 
total cooling and heating loads to use to calculate TEDI. If the html 
report was generated in imperial units, then these numbers will be in 
units of kBtu. Divide each by modeled floor area to arrive at the 
modeled cooling and heating TEDI values. 




