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Learning Objectives

Communicate the general concept and benefits of the “stable
baseline” method introduced in 90.1 2016 Appendix G.

Establish configuration of the baseline design model for a given
project

Convert information available from design documents into proposed
model inputs

Apply Appendix G to special cases such as core-and-shell projects,
tenant fit outs, renovations and projects served by district heating or
cooling systems.

Describe 90.1 Appendix G reporting requirements

Name reasons why the modeled performance of the proposed design
may differ from the post-occupancy energy use



Agenda

General Concept of ASHRAE 90.1 Appendix G
Modeling Workflow

Envelope Geometry and Properties

Lighting

Heating, Ventilation, and Air Conditioning Systems
Service Water Heating (SWH) Systems
Miscellaneous Loads

Appendix G Reporting Requirements

Interpreting Simulation Result



General Concept of
ASHRAE 90.1 Appendix G



What is your professional focus?

(select all that apply)
1. Code official
Architect
Engineer
Energy modeler
Administrator of above-code program
Other
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Appendix G History and

Evolution

Introduced in 90.1 2004 as a methodology for
guantifying performance of designs that exceed the
minimum requirements of the standard

May be used for new construction, alterations and
additions to existing buildings, except designs with
no mechanical systems.

Used in LEED, EPA Energy Star Multifamily High-
rise Program, IRS 179D federal tax deduction for
commercial buildings, incentive programs, etc.

Starting with 90.1 2016, an alternative path of
demonstrating compliance with the standard



2019 Oregon Zero Energy Ready
Commercial Code

« Effective October 1, 2019

« Based on ASHRAE Standard 90.1-2016 with
state amendments

 |ncludes two whole building performance options

v'90.1 Section 11 Energy Cost Budget
Method (ECB)

v Appendix G Performance Rating Method
(PRM)



Standard 90.1 Compliance Options:
Whole Building Performance Path

Enter at Section 4.2, 1Compliance

Section 5.2, 6.2, 7.2, 8.2, 9.2, 10.2, 11.2 Compliance Path

section 5.4, 64, 7.4 84 94, 104 Mandatory Provisions

- Y —
Section 5.5, 6.5, 7.5, [Section 11 Appendix G Scope of
(9.5 or 9.6) Energy Cost Ferformance Rating Th | S
FPrescriptive Budget Method
— Tralning
Y

Section4.2.2 423 424 425

Documentation, Labeling, Inspections,

Verification, & Commissionin




Appendix G: General Approach
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ANSUASHRAE/IES Standard 90.1-:
(Supersedes ANSASHRAE/IES Standard 90.1-2013)
Includes ANSVASHRAE/IES addenda lisced in Appendux H

Energy Standard
for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)
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Baseline Building Design

Proposed Building Design

Prescribes how to establish configuration of the baseline and proposed design
models for a given building design, and how to use simulation results to

establish compliance
Models must include all components within and associated with the building

Must use the same simulation tool, weather and operating schedules (with few
exceptions)
10



From Moving Target to
Fixed Baseline

90-1975 100

Fixed
O Baseline

e v‘ « The baseline efficiency is set at
' ~90.1-2004
weoaosseine | 1o Proposed designs must
%0.1-2010 improve over baseline by a
= prescribed margin to meet
20% code

24% <_” 10 Points

« Simplifies modeling, submittal
reviews, and maintenance of
the compliance forms.

2 * Increases opportunities for
automation in simulation tools.

« Allows use of consistent
methodology for code
* From PNNL “Roadmap for the compliance and above code

Nk 0 Future of Commercial Energy Codes” programs.

Normalized Building Energy Use for Versions of Standard 90.1




Establishing Compliance

* Performance of the proposed design
relative to the baseline is expressed

as Performance Cost Index (PCI)

0.75

Proposed Building Energy Cost

PCI =

Baseline Building Energy Cost

0.50

* Project meets code if its PCl is less

than or equal to the Performance
Cost Index Target (PClIr)

PCl < PClIt

0.25

0

4— Baseline (2004)

©
o
=
N
o
=
(o)
o
o

t

saljdwo)

4— Zero Net Energy

* From PNNL “Roadmap for the
Future of Commercial Energy Codes”



a. What can we say about design that has PCI=0?
b. What can we say about design that has PCI=17
c. What can we say about design that has PCI<PCIT?
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Performance Cost Index Target

_ (BBUEC +(BPF - BBREC))
B BBP

% Improvement beyond code = 100 *

PCI,

PCI, — PCI
PCI,

BPF = Building Performance Factor
BBUEC = Baseline Building Unegulated Energy Consumption
BBREC = Baseline Building Regulated Energy Consumption

BBP = Baseline Building Performance; BBP=BBUEC+BBREC

« BPF quantifies relative stringency of different editions of 90.1

 BPF values are developed for each edition of 90.1 and may be
adjusted by adopters to modify stringency

 The same baseline and proposed design models may be used to
calculate improvement over different editions of 90.1



ASHRAE Prototype Building
Models

Building Type Prototype building
Office Small Office
Medium Office
Large Office
Retail Stand-Alone Retail
Strip Mall
School Primary School

Secondary School

Healthcare/hospital

Outpatient Health Care

Hospital
Lodging/hotel Small Hotel
Large Hotel
Warehouse Warehouse

Restaurant

Fast Food Restaurant
Sit-Down Restaurant

Apartment
(Multi-family)

Mid-Rise Apartment
High-Rise Apartment

Representative of the US building
stock

PNNL has created versions of the
prototypes for each edition of
Standard 90.1 starting with 2004.
BPF for each building type and
climate zone is calculated as the
ratio of the regulated energy cost
of the prototype model configured
to meet the given edition of 90.1
versus the prototype configured to
minimally comply with 90.1 2004.
The results of similar prototype
buildings are averaged for the total
of 8 general building types.
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Regulated Systems

Any system or component with requirements prescribed in 90.1
Sections 5 through 10.
Examples:
- Envelope of conditioned and semi-heated spaces
- HVAC systems
- Service water heating systems
- Lighting
- Electric motors and belt drives
- Refrigeration systems with requirements in 90.1 Section 6
- Elevators

In the baseline model, the regulated systems are modeled at the
efficiency levels prescribed in Appendix G that are generally
consistent with the requirements of 90.1 2004

In the proposed model, regulated loads must match the design
documents.

16



Unregulated Systems

e Systems and components that are not regulated in 90.1
Sections 5 — 10.
Examples:

- Lighting that is specifically designated as required by a health
or life safety statute, ordinance, or regulation

- Plug-in equipment such as kitchen appliances, consumer and
office electronics

- Industrial process equipment with no requirements in 90.1.

« As a general rule, unregulated components must be
Identical in the baseline and proposed models.

17



Building Performance Factors

 BPFs are provided in 90.1 Section 4 for different climate zones and
building types
 The BPFs are updated for each new edition of 90.1

Table 4.2.1.1 Buiding Performance Factor (BPF)

nn:l
1B

Multifzmily 073 073 071 069 074 078 081 081 0786 081 076 0.74

Healthcars/ 064 058 060 058 060 056 054 057 053 055 059 052 055 057 052 058 056
hospital

Hotel'motel 064 065 062 060 0683 065 064 062 064 062 060 061 060 059 081 057 058

Office 058 062 057 062 060 OB4 054 058 080 058 060 081 058 061 0861 057 061
Restawrant 062 062 058 061 0680 080 061 058 055 060 062 058 060 083 0680 065 0EB
Reatail 052 058 053 058 054 052 080 055 080 060 055 0568 061 055 058 053 053
School 0456 053 047 053 048 052 050 048 050 049 050 050 050 0489 050 047 051

Warehouse 051 052 056 058 057 05 063 058 060 063 060 061 065 066 066 067 O0E&7
All others 062 061 055 0ObL7 05 081 059 058 057 061 057 0567 061 056 056 053 052



How do the BPFs change in each new edition

of 90.1 compared to the previous edition?

1. The values of BPF go up, due to increase in stringency of
future editions of 90.1

2. The value of BPF will go down because energy use of
regulated systems and components decreases in future
editions

3. The values of BPF will remain unchanged, because the 90.1
Appendix G baseline is fixed

19



General Modeling Logic
(Table G3.1#1)

All building systems and equipment must be modeled identically in
the proposed and baseline design except as specifically instructed
In Appendix G.

In few instances, 90.1 2016 Appendix G allows differences between
baseline and proposed design models but does not prescribe what
to model in the baseline (e.g., credit for low flow plumbing fixtures is
allowed, but baseline flow rates are not provided)

This is fixed in 90.1 2019 Table G3.1 #1:

Where the baseline building systems and equipment are permitted to
be different from the proposed design but are not prescribed in this

appendix, the baseline must be determined based on the following, in
the order of priority:

a. Requirements in Sections 5 through 10

b. Requirements of other efficiency or equipment codes or standards

applicable to the design of the building systems and equipment
20



Modeling “Yet to be Designed”
Systems

« Baseline follows the general rules

* Yet to be designed proposed systems
must be modeled as minimally
compliant with the current edition of
90.1

Example: temporary lighting must be
modeled in the proposed design based
on the maximum allowance in 90.1
Section 9, not the specified lighting
power density

« 90.1 2019 eliminated inconsistencies in
the language, which in places
suggested modeling yet-to-be-designed
systems the same in the baseline and
proposed

21



Modeling Renovation Projects

« Same baseline as for the new
construction projects irrespective
of the scope of retrofit

Exception: The fenestration

area equals the existing area
prior to the proposed work
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* Proposed design must reflect the
project after completion of the
retrofit, including existing
systems that were left as is,
existing systems that were
retrofitted, and new systems and
equipment.
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A renovation project is modeled following 90.1 2016 Appendix G.
As part of the renovation, roof is retrofitted from R-10 to R-40 and
exterior walls are left as is at R-19. What roof and wall R-value
should be modeled in the baseline? (select one)

1. R-10roof, R-19 walls (existing conditions prior to retrofit)

2. Roof R-value as prescribed in Appendix G, based on 90.1 2004
Insulation requirements for new construction; R-19 walls
(Appendix G baseline rules do not apply because walls were
not retrofitted).

3. Roof and wall baseline R-value as prescribed in Appendix G
(based on 90.1 2004 insulation requirements for new
construction)

23



90.1 2019: Renewable Energy
Trade-off Cap

« Limits the amount of on-site renewable energy available for trade-
off to 5% of the baseline energy cost when using Appendix G for
minimum compliance. (No limit in above-code applications.)

« Allows credit even if the building "= N —
w it even i uilding !5 -\,,,.,.n /\

“_\
‘“

owner does not own the system

provided that the owner has
signed either of the following:
- alease agreement for a
minimum of 15 years
- an agreement to purchase the
renewable energy for a
minimum of 15 years



90.1 2019 On-site Electricity
Generation

Clarified modeling rules that were often misinterpreted:

If proposed design includes on-site electricity
generation systems (such as CHP, fuel cells, etc.),
baseline includes same generation system, but no
recovered heat.

||||| icity G
) FueL e CHE. Iul

i |
sssss /Hot Water/Cooling | I

HOSPITAL
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Modeling Workflow



Collect the Necessary Project
Information

Architectural

Building shape and orientation, programming, fenestration thermal and
solar properties and areas by space, exterior and interior shading, thermal
and solar properties of opague assemblies

Mechanical

Equipment types, sizes, efficiencies, ventilation rates, demand controlled
ventilation, economizer, energy recovery, air and water flows and controls,
equipment control sequences, fan and pump power, chilled and hot water
plant details

Electrical

Lighting fixture schedules and plans, lighting controls, peak occupancy by
zone, equipment loads by zone

28



Collect the Necessary Project
Information

Architectural

® EﬁmjjpechIntagtrﬂggt t§on thermal and
sHlar tieS=#n as ™y spaces Lo, 2] t&ridr shading, thermal
e:t(r;j solar properties of opaque assemblies

wg@cuments

Equipment types, sizes, efficiencies, ventilation rates, demand controlled

vegtilatign, orsﬁmizer, energy § coay, air and wager flows and controls,
| Y6 't T
o Additional -data-from -

Electrical

ot Hfmtel "1€™xlhg controls, peak occupancy by
maripracrurer

Operating Conditions
Anticipated occupied hours, thermostat setpoints, lighting and equipment runtime
based on interviews with the building owner or typical for the building types




Modeling and Documentation
Process

v' Organize simulation inputs

» Extract information from the design documents and the manufacturer data and
perform supporting calculations to convert it to the simulation inputs.

v" Create baseline model

» Transfer information into simulation tool to create the baseline model, or model the
propose design first. Starting with the baseline helps establish the impact of design
alternatives on compliance.

v Create proposed model

v Perform model quality control
» Check that simulation inputs reflect project design

 Verify that simulation outputs such as overall energy use intensity, energy use
intensity by end use, and change in energy consumption by end use between
baseline and proposed designs show expected trends

v Use simulation results to perform compliance calculations

30



Compliance Documentation
Process

DESIGN DOCUMENTS

1

COMPLIANCE FORM Envelope Lighting HVAC
Proposed Lighting Ea—
Envelope Space H\p."AC
Assemblies Types BEM Results
¥ Lk o Lk
Interi Baseli Servi Plug, P - ; - Ii
General Energy Operating Envelope =Y |j1er_|0r | =l ervice * UB, Frocess Renewable Exceptional Compliance Mandatory [ Submittal SLEIE
. = Lighting Budget Water and Other . . . i Control
Information Sources Schedules Areas _ Energy Calculations Calculations Requirements Checklist
Counts HVAC Heating Loads Checks
. Ea
Infiltration E_xter_lor Results from
Lighting BEM Tool
Lighting
Summary

BUILDING ENERGY MODELING (BEM) TOOL

31




Simulation Tool Requirements

G2.2.1 The simulation program shall be approved by the rating authority and
shall, at a minimum, have the ability to explicitly model all of the following:

(a) 8,760 hours per year;

(b) hourly variations in occupancy, lighting power, miscellaneous equipment
power, thermostat setpoints, and HVAC system operation, defined
separately for each day of the week and holidays;

(c) thermal mass effects;
(d) ten or more thermal zones;
(e) part-load performance curves for mechanical equipment;

(f) capacity and efficiency correction curves for mechanical heating and cooling
equipment;

(g) air-side economizers with integrated control;
(h) baseline building design characteristics specified in G3.

G2.2.3 The simulation program shall be capable of performing design load
calculations to determine required HVAC equipment capacities and air and
water flow rates in accordance with generally accepted engineering
standards and handbooks (for example, ASHRAE Handbook—
Fundamentals) for both the proposed design and baseline building design.32



New In 90.1 2019 Appendix G

Testing to ASHRAE Standard 140

« Simulation tools previously been
required to test in accordance with
Standard 140

* Now must also:

- Post results on a public website
alongside results from reference
software

- Complete Standard 140 reports for
results falling outside reference values

- Submit information about software
version and link to results

- Still no pass/fail criteria provided

ANUAR

ANSI/ASHRAE Standard 140-2017
(Supersedes ANSI/ASHRAE Standard 140-2014)
Includes ANSI/ASHRAE Addendum listed in Annex C

Standard Method of Test
for the Evaluation of
Building Energy Analysis
Computer Programs

See Informative Annex C for approval dates.

ustomer Service, 1731 Tullie Circle, NE, GA 30325-2305. E-mail
5. Telephone: 404-§36-8400 (worldwide), o toll free 1-800-527-4723 (for orders in
n. £6 to www.ashrae org/permissions.




Projects

Simulation Tools Market Share

eQUEST Trace 700 IESVE EnergyPlus EnergyPro HAP OpenStudio Other

1,000
900
800
700
600
500
400
300
200
100

W AIA 2030 Commitment 2017 Progress Report (1,605 projects but numbers only provided for the top three tools
used by architects, design engineers, and modeling consultants)

W AIA 2030 Commitment 2015 Progress Report (1,112 projects)
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Simulation Tools Market Share

Open Studio EnergyGauge

6% 6%
DOE-2.2
13%

IES VE '

eQUEST
44%

13%

Trace 700 EnergyPlus
12% 6%

DOE/PNNL and NEEA Performance-based Compliance Research
Project stakeholder survey
Percentage of stakeholders that picked given tool as most commonly

used. 35






Envelope Geometry and
Properties



» General Description

> Envelope

Case Study Description

New mixed use building in Portland
Floors 2-7 are multifamily occupancy

1st floor is 60,000 square feet and
will house a retail store and has no
lighting or mechanical systems

specified, to be designed by a future
tenant.
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Exterior walls: U-0.042

Roof: U-0.040

Windows: NFRC U-0.15/ SHGC - 0.3
Slab-on-grade: R-15 for 24”

Shading: exterior shading from balconies + blinds or curtains on all windows
Infiltration: 0.05 ACH at wind pressure
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Case Study Description

HVAC
Apartments and corridors:
* VRF heat pumps cycling with load, EER 12.4 / COP 3.7, fan 0.214 W/CFM
« Balanced ERV 80% sensible recovery effectiveness, 0.76 W/CFM fan
Stairwells
« HW baseboards (95% efficient condensing boiler)

Service Water Heating: 95% efficient condensing boiler, low-flow fixtures

Lighting
« LED fixtures in apartment bathrooms and kitchens, no fixtures specified in living
rooms and bedrooms,

* 0.25 W/SF lighting power density in corridors and stairwells.
Other: Energy star refrigerators and dishwashers.

39



Thermal Blocks — HVAC Zones
Designed (Table G3.1 No 7)

Where HVAC zones are defined on HVAC design drawings, each
HVAC zone shall be modeled as a separate thermal block.

Exception: Different HVYAC zones may be combined to create a single

thermal block or identical thermal blocks to which multipliers are applied,
provided that all of the following conditions are met:

(a) The space use classification is the same throughout the thermal
block

(b) 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.

(c) All of the zones are served by the same HVAC system or by the
same kind of HVAC system.

40



The proposed design 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?

ot b st s B,
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Thermal Blocks — Multifamily
(Table G3.1 No 9)

* Residential spaces shall be modeled using at least one
thermal block per dwelling unit

« Units facing the same orientations may be combined into
one thermal block.

« Corner units and units with roof or floor loads shall only be
combined with units sharing these features.

42



Case study multifamily floor plan view

Corridor
Apartments //

Apartments N~
Stairs

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

b. How many multifamily floors must be explicitly modeled?
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Thermal Blocks — HVAC Zones
Not Designed (Table G3.1 No 8)

 Thermal blocks shall be defined based on similar space
use classification (if known).

« Separate thermal blocks shall be assumed for...

- Interior spaces versus perimeter spaces within 15 ft of
exterior or semi-exterior wall.

- spaces adjacent to glazed walls, with a separate zone
provided for each orientation, except orientations that
differ by less than 45 degrees

- spaces with floors adjacent to ground, or with floor,
ceiling, or roof adjacent to exterior, versus zones that
do not share these features.
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1st floor plan

Unfinished retalil

How many thermal blocks must be explicitly modeled for the retail floor?
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Baseline Opaque Surfaces
Table G3.1-5

« Same gross area of each exterior envelope component
type as in the proposed design.

« U-factors in Tables G 3.4-1 to G 3.4-8, conforming with
assemblies detailed in 90.1 Appendix A

o Roofs — insulated entirely above deck

o Above-grade walls — steel framed

o Below-grade walls—concrete block

o Floors — steel joist

o Same opadgue door type as in proposed design

o Slab-on-grade floors with F-factor for unheated
slabs
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Thermal Properties

Table G3.4-4 Performance Rating Method Builkding Envelope Requiraments for Climate Zone 4 (A.B.C)*

Nenresidential Reszidential Semiheated

Opaque Elements Assembly Maximum Assambly Maximum Assembly Maximum

Insulation entirely above deck  U-0.063 U-0.063 U-0.218

Steel-framed U-0.124 U-0.064 U-0.124
Looore e o o o
Bolow-grade wall C-1.140 C-1.140 C-1.140
Steal-joist U-0.052 U-0.038 U-0.069
.
Unhaated F-0.730 F-0.730 F-0.730
Swinging U-0.700 U-0.700 U-0.700
Nonswinging L-1.450 L-0.500 LJ-1.450

*Assigned according to space type and not building type

47



Space Use Classification
(90.1 Section 3)

residential: spaces in buildings used primatrily for living and sleeping.
Residential spaces include, but are not limited to, dwelling units, hotel/motel
guest rooms, dormitories, nursing homes, patient rooms in hospitals, lodging
houses, fraternity/sorority houses, hostels, prisons, and fire stations.

nonresidential: all occupancies other than residential.

48



Surface Classification

Ventilated Semiheated
Attic Storage
Conciitioned
Space
Ventilated
Unconditioned
Cramispace
Space

B Exterior Envelope
B gomi-Exterior Envelope

Figure 5-5 Exterior and semi-exterior building envelope.
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Conditioned Space
(Section 3)

. Table 3.2 Heafed Space Criteria
conditioned space: a cooled space, heated

ind it i —
space, or indirectly conditioned space defined as WP"L
=

follows: 1 .

a. cooled space: an enclosed space within a B =
building that is cooled by a cooling system 2k sH =
whose sensible output capacity is 3.4 aC —
Btu/h-ft2 of floor area. 4A, 4B »10

b. heated space: an enclosed space within a 4C =B
building that is heated by a heating system g >12
whose output capacity relative to the floor . =14
area is greater than or equal to the criteriain 7 =18
Table 3.2. | =19

c. indirectly conditioned space: an enclosed space within a building that is not a heated

space or a cooled space, which is heated or cooled indirectly by being connected to adjacent

spaces, provided:

« sum of UA of all surfaces adjacent to conditioned spaces exceeds the sum of UA for all
surfaces adjoining outdoors, unconditioned spaces, and semiheated spaces

« that air from heated or cooled spaces is intentionally transferred (naturally or
mechanically) into the space at a rate exceeding 3 ach (e.g., atria). 50



Semiheated and
Unconditioned Spaces

semiheated space: an enclosed space within a
building that is heated by a heating system whose
output capacity is greater than or equal to 3.4
Btu/h-ft2 of floor area but is not a conditioned space.

unconditioned space: an enclosed space within a
building that is not a conditioned space or a
semiheated space. Crawlspaces, attics, and parking
garages with natural or mechanical ventilation are
not considered enclosed spaces.

51



Baseline Opagque Surfaces In
the Case Study

Table G3.4-4 Performance Haﬁng Method Buikding Envelope Ftﬂ-q uirements for Climate Zone 4 (A.B.C)"

Opaque Elemeants Ilhr Maximum mnr Maximum lsnmhhr Maximum

A|| spaces  pok | U082 U-0.063 U-0.218
except dwelling : :
units (retail, \ U0.124 L_0.064 = Dwelling units
stairwells, only
corridors, etc.) C-1.140 C-1.140 C-1.140
RS
Stool-joist U-0.052 U-0.033 U-0.069
Slab-on-Grade Floors
Unhaated F-0.730 F-0.730 F-0.730
Opaque Doors
Swinging U-0.700 U-0.700 U-0.700
Nonswinging U-1.450 U-0.500 U-1.450
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a. What is the baseline roof U-factor of the roof?

b. What is the baseline U-factor of the exterior walls of
the retail floor?
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Baseline Assemblies

A2.2 Roofs with Insulation Entirely Above Deck

A2.2.1 ..... The U-factor includes R-0.17 for exterior air film, R-0
for metal deck, and R-0.61 for interior air film heat flow up.
Added insulation is continuous and uninterrupted by framing. The
framing factor is zero.

54



What R-value of continuous insulation should be modeled to get
the overall U-0.063 roof?

55



What R-value of continuous insulation should be modeled to get
the overall U-0.063 roof?

1/0.063 - 0.17 - 0.61 = 15

56



Baseline Steel-frame
Wall Assembly

A3.3 Steel-Framed Walls

A3.3.1 ..... ..... The U-factors include R-0.17 for exterior air film, R-0.08 for stucco,
R-0.56 for 0.625 in. gypsum board on the exterior, R-0.56 for 0.625 in. gypsum board
on the interior, and R-0.68 for interior vertical surfaces air film. The performance of the
insulation/framing layer is calculated using the values from Table A9.2-2. Additional
assemblies include continuous insulation uncompressed and uninterrupted by framing.

Table A9.2-2 Effective Insulation/Framing Layer A-Valuas for Wall Insulation Installed Batwean Steal Framing

Rated R-Value of Effactive Framing/Cavity
Nominal Depth | Actual Depth | Air Space or Effective Framing/Cavity H' Ii"lhn at 24 in.
of Cawity, in. nl't‘.‘.-:ﬂl‘rh Insulation R-Value at 16 in. on Center

Empty Cavity, No Insulafion
R-0.91

Insulated Cavity

4 15 A-11 13 6.6
4 15 R-13 6.0 72
4 15 A-15 6.4 78
B 8.0 R-10 74 8.6
B 8.0 R-21 74 0.0
[ +]
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Baseline Vertical Fenestration
Area (Table G3.1 No 5)

Table G3.1.1-1 Baseline Building Verlical Fanesiralion Percentage of Gross A bove-Grade- Wall Area

Groceary store T

Haalthcare (outpatient) 21%
Hospital 27T%
Hotel'moted (=75 rooms) 24%
Hofel'moted (=75 rooms) 4%
Office (<5000 %) 18%
Office (5000 to 50,000 ft) H%
Office (=50,000 ft2) 40%,
Rastaurant (quick senvice) 4%
Restaurant (full sanvica) 24%
Ratail (stand alona) 11%
Ratail (strip mall) 20%
School {primarny) 22%
School (sacondary and university) 22%
Warehousa (nonrefrigerated) 6%

The specified percentages are relative to the gross above grade wall area,
including walls of conditioned and semiheated spaces.

For other building area types, vertical fenestration area is equal to the proposed
design or 40% of gross above-grade wall area, whichever is less.

In mixed use buildings, the rule must be applied to each building area type




Fenestration (90.1 Section 3)

fenestration: all areas (including the frames) in the building envelope that let
in light, including windows, plastic panels, clerestories, roof monitors,
skylights, doors that are more than one-half glass, and glass block walls.

fenestration area: total area of the fenestration measured using the
rough opening and including the glazing, sash, and frame. For doors
where the glazed vision area is less than 50% of the door area, the
fenestration area is the glazed vision area. For all other doors, the
fenestration area is the door area.

wall area, gross: the area of the wall measured on the exterior
tace from the top of the floor to the bottom of the roof.
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Baseline Fenestration Area

1t Floor (Retail)
Proposed design:

« 600’ x 100’ footprint;

» 15 floor-to-floor height

« windows account for 80% of gross wall area on S
side with no windows on other exposures

Baseline: (600+100)*2*15*11%=2,310 ft?

Multifamily Floors

Proposed Design

* 10’ floor-to-floor height

« windows account for 45% of S/N gross wall area with no windows on E/W
Baseline

« Gross exterior wall area per floor: (600+100)*2*10=14,000 ft2

« Proposed fenestration area per floor: 600*10*2*45%=5,400 ft?

* 9% fenestration in proposed design: 5,400/14,000=38.6% <40%

« Same fenestration area in baseline as in the proposed
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Baseline Fenestration Exposure

Fenestration must be distributed on each face of the building in the same
proportion as in the proposed design.

Multifamily Floors
Proposed design

@M NN

10’ floor-to-floor height

windows account for 35% of S/N

gross wall area with no windows
on E/W

1st Floor (Retail) Baseline:
Proposed design

Fenestration is distributed equally
15 floor-to-floor height

on S/N exposures; no windows
: on E/W

windows account for 80% of gross

wall area on S side with no

windows on other exposures.
Baseline

2,310 ft2 fenestration on South wall
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Baseline Fenestration Properties

 U-values from Tables G3.4-1 to G3.4-8

Table G3.44 Performance Hati'ng Method Building Envelope Requirements for Climate Zone 4 (AB,C)*

A.umhlr A.umhlr A.usmlﬂr Ausnnlﬂr A.umhlr
Fenesiration Max. SHGC Max. SHGC Max. SHGC

Vertical Glazing, % of Wall
0% to 10.0% Ugr057  SHGCx030  Ux057  SHGCx030 Ugr1.22 A
10.1% to 20.0% Ugr057  SHGC4030 Uy 057  SHGCL030 Ugrl22  SHGC4NR
20.1% to 30.0% Ugr057  SHGCx030  Ux057  SHGCx030 Usr122  SHGCx{NR
30.1% to 40.0% Ugr0567  SHGC4030  Uy057  SHGCL030 Ugr122  SHGC4NR
Skyhight all, % of Roof

0% 10 2.0% Ugr0.60  SHGCx040  Ux058  SHGCg0.36 Usr138  SHGCx{NRA
2 1%+ Ugr060  SHGC4030  Uy058  SHGCL0.10 Ugr138  SHGC4NA

90.1 2019 filled in the blanks: NR = SHGC - 0.40
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Baseline Orientation and
Interior Shading

The baseline building performance is calculated as an average of four
orientations.

Exceptions:

— If orientation is dictated by site, as determined by rating authority.
— Vertical fenestration area on each orientation varies by less than 5%.

All windows shall be modeled flush with the exterior wall, with no
shading projections

Manual window shading such as blinds or shades may be modeled or
not modeled, the same as in proposed design.
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Site Shading

Shading by adjacent structures and terrain must be modeled the same as
In proposed design.
-Elements with the height greater than their distance from a proposed
building and with width facing the proposed building is greater than one-
third that of the proposed building shall be accounted for in the analysis.




Baseline Envelope of
Renovation Projects

Baseline for opaque assemblies must conform with assembly types and
thermal properties prescribed for new buildings and additions

Fenestration baseline must have the same U-value, SHGC, and VT as for
the new buildings and additions

The fenestration area shall equal the existing area prior to the proposed
work
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Envelope Air Leakage

90.1 2016

Must be modeled using the same methodology, rate, and adjustments for
weather and building operation in the proposed and the baseline design.

Modeled air leakage rate must be equivalent to 0.4 cfm/ft? of the building

envelope at a fixed building pressure differential of 0.3 in. H20

Exception: When whole-building air leakage testing is specified during
design and completed after construction, the proposed design air leakage

rate of the building envelope shall be as 'measured.

90.1 2019

Proposed Design

- 0.6 cfm/ft?if prescriptive air barrier requirements met;

- As measured when whole-building air leakage testing is specified during
design and completed after construction

Baseline Design
— 1.0 cfm/ft?

2019 iIs less stringent!
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Infiltration Inputs (G3.1.1.4)

I g [cfM/ft?] = adjusted air leakage rate at a reference wind speed of 10 mph per unit of the total gross
floor area

leyw [cfm/ft? ] = adjusted air leakage rate at a reference wind speed of 10 mph per unit of the above
ground exterior wall area

Ag,, = total above-grade exterior wall area, ft?

l.sp, [CfM/ft? ] = leakage at pressure differential of 0.3 in. H,O per ft? of envelope air pressure boundary

S [ft?] = total area of the envelope air pressure boundary including the lowest floor, any below- or above-
grade walls, and roof (or ceiling) including windows and skylights, separating the interior conditioned
space from the unconditioned environment

Ar i = total gross floor area, ft2
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Infiltration Input Example

5 story multifamily building:
Gross Floor Area: 40,000 ft?
Gross roof & floor area: 8,000 ft2 each
Total gross above grade exterior wall area 17,117 ft?
Total conditioned volume 360,068 ft3 Fe\

S=8,000*2 + 17,117 =33,117 [ft]
l-cp,=0.4 [cfm/ft?]

Q=0.112*0.4* 33,117 = 1,484 [cfm]

lc = 1,484 / 40,000 = 0.037 [cfm/ft?]
ley= 1,484 /17,117 =0.087 [cfm/ft?]
ACH= 1,484 *60/ 360,068 =0.25 [ACH]
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Alr Leakage Schedule

* Not prescribed in 90.1

* The default schedule is 100% of the rate (schedule fraction of 1)
when the fan system is off, and 0.25 when the fan system is on.

o

Pacific Northwest

NATIONAL LABORATORY
Proudly Operated by Batielle Since 1965

ANSI/ASHRAE/IES Standard
90.1-2016 Performance Rating
Method Reference Manual
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Proposed Design Envelope
(Table G3-1)

» All components of the building envelope in the proposed design
shall be modeled as shown on architectural drawings or as built for
existing building envelopes.

« Uninsulated assemblies (e.g., projecting balconies, perimeter edges
of intermediate floor stabs, concrete floor beams over parking
garages, roof parapet) must be modeled using either of the following
techniques:

1. Separate model of each of these assemblies within the energy
simulation model.

2. Separate calculation of the U-factor for each of these assemblies. The
U-factors of these assemblies are then averaged with larger adjacent
surfaces using an area-weighted average method. This average U-factor is
modeled within the energy simulation model.
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Modeling un-insulated Wall
Conditions (90.1 User’s Manual)

Construction in
Proposed Building

Projected
Concrete
Balcony

Insulated
/wall
Uninsulated

Concrete Slab | +* =" .-~ 6
Edge S 9] (o]

Figure G-A—Modeling Uninsulated Wall Conditions

Construction In
Simulation Model

/7
/
!
f."
Concrete |
Same
Thickness
As Wall
\
\
N —
AN
o
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Effective R-Value,
Parallel Path Method

U :

W — weighting factors for each sub-area
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Thermal Bridging —
Steel-framed Wall

-
- Sheathing

w— Pawecconniess Thermal resistance of surfaces that have
- *_‘ S sections with widely diverging conductivities,
P et Cavity Insutstion such as steel frame wall sections, cannot be
ol iarior P approximated by the parallel path method

Table AG.2-2 Effective Insulation/Framing Layer R-Values for Wall Insulation Installed Betweean Steal Framing

Rated R-Value of Effective Framing/Cavity
Nominal Depih| Actual Depth | Air Space or Effective Framing/Cavity A-Vailue at 24 in.
of Cavity, in. | of Cavity, in. | Insulation A-Value at 16 in. on Cantar on Cemntar

Empty Cavity, No Insulation

4 35 R-0.91 0.79 0.94
Insulated Cavity

4 15 A-11 55 6.6
4 35 R-13 6.0 72
4 35 R-15 6.4 7.8
B 6.0 R-19 74 8.6
B 6.0 R-21 7.4 9.0
8 B.0 A-25 7.8 9.6
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Exterior walls in the proposed design have the following
construction (starting from exterior):

« stucco finish (R-0.08)
* 0.625 In. gypsum board (R-0.56)
 2” continuous insulation uninterrupted by framing (R-10)

* steel framing 6” deep 16 on center with R-19 cavity insulation
0.625 In. gypsum board (R-0.56)

What is the total R-value of the exterior walls in the proposed

design?
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Allowed Envelope
Simplifications (Table G3.1)

« Any insulated envelope assembly that covers less than
5% of the total area of that assembly type (e.g., exterior
walls) need not be separately described provided that it
IS similar to an assembly being modeled. If not
separately described, the area of an envelope assembly
must be added to the area of an assembly of that same
type with the same orientation and thermal properties.

« Exterior surfaces whose azimuth orientation and tilt differ
by less than 45 degrees and are otherwise the same

may be described as either a single surface or by using
multipliers.
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Proposed Design — Exterior
Shading (Table G3.1)

Manual fenestration shading devices such as blinds or
shades must be modeled the same as in the baseline.

Automatically controlled fenestration shades or blinds
and permanent shading devices such as fins, overhangs,
and light shelves shall be modeled.

Shading by adjacent structures, vegetation or
topographical features whose height is 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.
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Lighting



Baseline Lighting Power (Table G3.1-6)

« Lighting power density (LPD) from Table G3.7 using Space-by-space method
* No baseline allowance for decorative lighting or additional retail lighting even
when specified in the proposed design.

=
Common Space Types® Lighting Power Density, Wii® }

Audiance Seating Area
1
1

Auditorium 0.890
Convention canter 070
Exercise cantar 0.30
Gyminasium 040
Maotion pictura theater 1.20
™ —Henticng 0.70

¢ v —adl Classroomilecture halltraining room

Confarenca/Masting/Multipurposa Room 1.30
Confinement Calls 0.90
Copy/Print Rioom 0.90

 Comdor

Hospital 1.00

Manufacturing facility 0.50

A cther cormidor 0.50 Case study
1.00 . . .

baseline lighting

Facility for the + power

All other rastroom or

Salas Area

Seating Aroa, Gonaral

Stairwall

Storage Room

Hospital 0.80

=50 f? 0.80

-~ g2 no



Baseline Lighting Power (Table G3.1-6)

Exception: For multifamily dwelling units, hotel/motel guest rooms, and
other spaces in which lighting systems are connected via receptacles
and are not shown or provided for on building plans, assume identical
lighting power for the proposed design and baseline building design

This made the requirements more stringent than was intended
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What baseline lighting power must be modeled in the case study for
corridors?

What baseline lighting power must be modeled in the case study for the
retail floor?

What baseline lighting power must be modeled in the case study for the
stairwell?
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Changes in 90.1 2019

« Cleaned up the rules for spaces with partially specified lighting
including dwelling units, hotel/motel guest rooms, and other spaces
iIn which lighting systems are connected via receptacles and are not
shown on design documents
- Baseline based on Table G3.7 (same as for spaces with specified
lighting)

- Proposed equal to the lighting power allowance in Table 9.6.1 for the
appropriate space type or as designed, whichever is greater.

- Credit for increased efficacy in such spaces based on an approved
analysis

Lighting use can be reduced for the portion of the space illuminated by
the specified fixtures provided that they maintain the same illuminance
level as in the baseline.

* Prescribed lighting inputs for the dwelling units Affects case studg/

Proposed design: 0.60 W/ft2 or as designed, whichever is greater.
Baseline: 1.07 WI/ft2
Requires using Building Area Method if space type is not known
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Baseline Lighting Controls

Baseline lighting controls are limited to those that
were required in 90.1 2004 (occupancy Sensors
In certain classrooms, conference/meeting
rooms, and employee lunch and break rooms).
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Proposed Design
Lighting Power (G3.1-6)

Lighting system power shall include all lighting system components
shown or provided for on the plans including lamps and ballasts and
task and furniture-mounted fixtures.

Except for incandescent sources, fixture input wattage is not the same
as lamp wattage. Input wattage for all discharge sources is determined
by the interaction between lamps, ballast, and fixture construction, and
must be based on the maximum manufacturer rated fixture wattage.

Specified lighting must not be worse than prescriptive requirements of
90.1 2004 using either building area or space-by-space method.
(G1.2.1)
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Proposed Design
Lighting Controls

Lighting controls that exceed requirements of 90.1 2004 are modeled

by reducing lighting runtime (the schedules) by the fractions specified
iIn Table G 3.7;

Daylighting may be modeled directly or via schedule adjustment
determined by an approved analysis

Table G3.7 Performance Raling Mathod Lighting Powear Densify Allowances and
Occupancy Sensor Reductions Using the Space-by-Space Meathod

comonsprer |
Common Space Types® Lighting Power Density, Wit Reduction®

Audionce Soating Aroa

Auditorium 0.90 10%%

Comvention canfer 0.70 10%

Exerciza cantar 0.30 108

Gymnasium 0.40 10%

Molion picture theater 1.20 10%

Penitentiary 070 Q{I% j
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Exterior Lighting

“Tradable” exterior lighting must be modeled based on Table G3.6 in
the baseline, and as specified in the proposed design.

Baseline non-tradable exterior lighting must be modeled the same
as in the proposed design.

Table G3.6 Lighting Power Densities for Building Exteriors

Tradable Surfaces Uncoverad Parking Arcas

(Lighting power densities = .
for uncoverad parking RO 0.15 Wikt

areas, buiding grounds, | Byjding Grounds

buiding entrancas and - -
axits, canopies and Walkways lass than 10 ft wida 1.0 W/linear foot
Ul LG Walkways 10 ft wide or greater 0.2 W2
sales araas may ba Plaza areas

tradod.) Spacial featura araas

Stairways 1.0 Witt2

Buikding Entrances and Exits

Main entries 20 Wilinear foot of deorwidth
Othar dbors 20 Wilinear foot of doorwidth
Canopies and Overhangs

Canopies (free standing and attached and .25 WiE2
overhangs)

Outdoor Sales
Opan areas (including vehicle sales lots)

0.5 Wit

Street frontage for vehicle sales lots in addition 20 Wilinear foot
to open-area allowance

Nontradable Surfaces | Buiiding Facades 0.2 W2 for each illuminated wal or surface or
(Lighting power densify 5.0 W/linear foot for each illuminated wal or

calculations for the surface langth

fallowing applications can e - machines [ATMS) and might 270 W per location plus 90 W per additional

be usad only for the dapositories ATM per location 86
gpacific application and




Common Mistakes

» Calculating baseline tradeable exterior lighting allowance based on the areas of
the surfaces in the proposed design that are not illuminated to some industry
standard, such as the IESNA Handbook, or incorrectly accounting for partially
illuminated areas.

« Double-counting areas when calculating the baseline exterior lighting power
allowance.
Lighting power allowance for a walkway that crosses an illuminated
parking lot can be determined based on the parking lot allowance or
walkway allowance in 90.1 Table G3.6, but not both. If walkway allowance
IS used, the walkway area must be subtracted from the parking lot area8.7






Heating, Ventilation, and Air
Conditioning Systems
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Baseline HVAC System Type (G3.1.1-3)

Determined based on the following criteria in the order of priority:
1. The building type with the largest conditioned floor area.

2. Number of above grade and below grade floors excluding floors solely
devoted to parking.

3. Gross conditioned floor area.
4. Climate zone

Building Type, Number of Floors, and

Gross Conditioned Floor Area Climate Zones 3B, 3C,and 4 to 8 Climate Zones 0 to 3A

Residential System 1—PTAC System 2—PTHP

Public assembly <120,000 ft2 System 3—PSZ-AC System 4—P3Z-HP

Public assembly =120,000 fi2 System 12—S8Z-CV-HW System 13—8Z-CV-ER

Heated-only storage System 9—Heating and ventiation System 10—Heating and
venfilation

Retail and 2 fioars or fewer System 3—PSZ-AC System 4—PS7Z-HP

Other nonresidential and 3 floors or fewer and <25,000| System 3—PSZ-AC System 4—P3Z-HP

ft2

Other nonresidential and 4 or 5 floors and <25,000 fi2 | System 5—Packaged VAV with System 6—Packaged VAV with

ar reheat PFP boxes

5 floors or fewer and 25,000 fi2 to 150,000 ft2

Other nonresidential and more than 5 floors or System T—VAV with reheat System 8—VAV with PFP boxes

»150,000 fi




Baseline HVAC System Types

Table G3.1.1-4 Baseline Sysfem Descriptions

(osimbo——— | sysemType Fan Conral | ColingType | Hesting T

1. PTAC
2. PTHP
3. PSZ-AC]
4. PSZ-HP

5. Packaged VAV with

mhaat

6. Packaged VAV with

PFP boxas

7. VAV with ehaat
8. VAV with PFP boxes

0. Heating and
vantilation

10. Heating and
vantilation

11. 8Z-VAV
12. S3Z-CV-HW

13. 8Z-CV-ER

Packaged iminal ar conditionar
Packaged ierminal heat pump
Packaged rooftop air conditicnar
Packaged rooitop heat pump
Packaged rocftop VAV with rehaat

Packaged rooftop VAV with parallel
fan power boxas and rehaat

VAV with mhaat

VA Vwith parallel fan-powerad boxes

and rehast

Warm air fumace, gas fired

Warm air fumace, electric

Single-zona VAV

Single-zone systam
Single-zone system

a. For purchasad chilled water and purchasad heat, see G115
b. For Chmate Zones O through 34, the heating type shall be alecine msistance. For all other climate zones the hesting type shall be hot-water fossiliua boisr,

Constant volume
Constant volume
Caonstant volume
Constant volume
vav

vav

vav
vav

Constant woluma

Constant woluma

VAW
Constant woluma
Constant voluma

Direct expansion
Direct expansion
Direct axpansion
Direct expansion
Direct expansion

Direct expansion

Chillad watar
Chillad watar

Maona
Mana

Chillad watar
Chillad watar
Chillad watar

Hot-water fossi fual boier
Electric haat pump
Fossil fuel furnace
Electric haat pump
Hot-water fossil fual boiler

Electric resistance

Hot-water fossil fual boler
Elactric resistance

Fossdl fua! furnace
Elactic resistance

See note (b).
Hot-water fossil fua! bofar
Elactric resistance
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Baseline HVAC System Types

b. Use additional system types for nonpredominant conditions (i.e., residential/
nonresidential) if those conditions apply to more than 20,000 ft2 of conditioned floor
area.

c. If the baseline HVAC system type is 5, 6, 7, 8, 9, 10, 11, 12, or 13, use System 3 or
4 (depending on climate zone) for any thermal block that has occupancy or process
loads that differ by 10 Btu/h-ft2 or more from the average of other thermal blocks
served by the same system, or schedules differing by more than 40 equivalent full-
load hours per week from the other thermal blocks served by the same system

e. Thermal zones designed with heating-only systems in the proposed design serving
storage rooms, stairwells, vestibules, electrical/mechanical rooms, and

restrooms not exhausting or transferring air from mechanically cooled thermal
zones in the proposed design shall use system type 9 or 10 in the baseline.

There are more exceptions!
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Case Study Description

« New mixed use building in
Portland

« 1stfloor is 60,000 ft? and will
house a retail store. Mechanical
systems are not specified, to be
designed by a future tenant.

* Floors 2-7 are multifamily

occupancy and include _
apartments, corridors (16,000 What are the baseline system

and stairwells (2,000 ft?). VRF types in the case study?

heat pumps serve apartments
and corridors; stairwells are
served by hot water baseboards
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Baseline HVAC (G3.1.1)

« For Systems 1, 2, 3,4, 9, 10, 11, 12, and 13, each
thermal block shall be modeled with its own HVAC
system.

 For Systems 5, 6, 7, and 8, each floor shall be modeled
with a separate HVAC system. Floors with identical
thermal blocks can be grouped for modeling purposes.
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. How many baseline HVAC systems will be modeled

per multifamily floor?
. How many baseline HVAC systems will be modeled

on the retail floor?
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Equipment Capacities
(G3.1.2.2)

The baseline equipment (i.e. system coll)
capacities shall be based on sizing runs
for each orientation and shall be oversized
by 15% for cooling and 25% for heating.
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New In 90.1 2019 Appendix G

Baseline Sizing Runs

1.

Clarifies that baseline system oversizing applies only to heating and
cooling coil capacities, not airflow

Specifies that baseline central plant capacities are sized based on
coincident loads

Specified that design day runs must use heating design temperature
(99.6% DB) and cooling design temperature (1% DB &WB)
Specifies internal gains used in sizing runs

— Heating — values equal to highest annual hourly value

— Cooling — values equal to highest annual hourly value (except for
residential occupancies which use the most frequent value)

Exception: For cooling sizing runs in residential dwelling units, the
infiltration, occupants, lighting, gas and electricity using equipment hourly
schedule shall be the same as the most used hourly weekday schedule
from the annual simulation.
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Baseline System Efficiency
(G3.1.2.1)

« Al HVAC equipment in the baseline building design shall be modeled at the
minimum efficiency levels in accordance with Tables G3.5.1 — G3.5.6.

Subcategory Test
Equipment Type T]lpn Hdi'lg Procedure

Air conditionars, =65 000 Btwh Single-package 87 SEER ARl 2107240
e 55,000 Btuh and Split-systemand 0.1 EER AR 3400360

=135,000 Biuh single-package

135 000 Biw'h and 05 EER

<240, 000 Btwh

=240 000 Biw'h and 93 EERQ4JEER

< 80,000 Btwh

Z60.000 Biuwh 90 EER Q1 JEER

Table G3.5.4 Parformance Rating Method Electrically Operated Packaged Terminal Air CondBioners,
Packaged Terminal Heat Pumps

Subcategory or
Equipmernt Type Size Caiegory | Rating Condition Minimum Efficiency @ Test Procedurs

PTAC (cooling mode) All capacities 95°F db owdoor afr 125 — (0213 = Cap1000) EER  ARI 310v380

a. “Cap” maans tha rated cooling capacity of the product In Biuh. i he unit's capachy | less fan 7000 Biuh, use 7000 Btwh In the calculabion. 1f the unit's capacity
s greater than 15,000 B, usa 15,000 Biuh In the calculabion.
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90.1 2019 Appendix G
Loophole Fix

 Where thermal zones are combined into a single thermal
block for model simplification, baseline equipment
efficiency is determined by individual zone size

x5 |
ﬁ X2 x 10 x2
x5

Actual Building Simulation Model

Thermal Blocks for Apartment Building

equip capacity for efficiency = equip capacity of thermal
block / # zones
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Baseline System Efficiency
(G3.1.2.1)

Table G3.5.5 Warm-Air Fumaces and Unit Heaters

Subcategory or
Equipment Type Size Category Rating Condition | Minimum Efficdlency Test Procedure

Warm-air furnace, gas-fired <225,000 Btuh 78% AFUE or 80% E; DOE 10 CFR Part 430
or ANSI Z21 .47
2225,000 Btuh Maximumcapacity 80% E, ANSI Z21.47
Warm-air unit heaters, gas-fired  All capacities Maximumcapacity 80% E, ANSI Z83.8
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Extracting Fan Energy from
Efficiency Ratings in the Baseline

For Baseline HVAC Systems 1, 2, 3, 4, 5, and 6, modeled cooling
efficiency must be adjusted to remove the supply fan power at AHRI
rating conditions.

COPyepoling = 7-84E-8 x EER x Q +0.338 x EER

COP yfegoling = —0.0076 x SEER” + 0.3796 x SEER

I:ﬂ'-hIi-‘:l‘imr|_;I'i||.5'-|:n'.|'i-rg= 1 48E-7 = COP47 = Q0+ 1.062 = COP 47
(applies to heat pump heating efficiency only)

COP, fcating = —0.0296 = HSPF + 0.7134 x HSPF
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Fan System Operation
G 3124

« Supply and return fans shall operate continuously
whenever spaces are occupied and shall be cycled to
meet heating and cooling loads during unoccupied
hours.

« Supply, return, and/or exhaust fans will remain on during
occupied and unoccupied hours in spaces that have
health and safety mandated minimum ventilation

requirements during unoccupied hours.
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How should baseline fans operate in the case study?
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Mechanical Ventilation
(G3.1.2.5)

Minimum ventilation rates shall be the same for the proposed and

baseline building designs.

Exceptions:

When modeling demand control ventilation (DCV) in the proposed
design in systems with outdoor air capacity no greater than 3000
cfm serving areas with an average design capacity of 100 people
per 1000 ft2 or less.

For HVAC zone in the proposed design with a zone air distribution
effectiveness (Ez) > 1.0 as defined by Standard 62.1, Table 6-2.

If ventilation in the proposed design is provided in excess of the
amount required by the building code or the rating authority, the
baseline building shall be modeled to reflect the greater of that
required by either the rating authority or the building code, and will
be less than the proposed design.
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Economizer ( G 3.1.2.6)

Table G3.1.2.6 Climate Conditions under which Economizers are

Included for Comfort Cooling for Baseline Sysfems 3 through 8
and 11. 12, and 13

Condition

0Aa 0B, 1A, 1B, 24, 34 44 MNA

Othars Economizer Included

Mote: MR means that there is no conditioned buiding foor area for which sconomizers are
included for the type of zone and climate.

Table G3.1.2.7 Economizer High-Limit Shutoff Temperature

Ory-Gulb Temporatue Set Point

28,38, 3C, 48 4C, 5B,5C, 6B, 7,8 T5°F
2A. GA TO°F
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Changes in 90.1 2019

e Clarifies that baseline economizers must
be simulated as integrated with
mechanical cooling
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What is the economizer high-limit shutoff temperature in the
baseline HVAC systems?
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Exhaust Air Energy Recovery
(G3.1.2.10)

* Individual baseline fan systems with design supply air capacity of
5000 cfm or greater AND a minimum design outdoor air supply of
70% or greater shall have an energy recovery system with at least
50% enthalpy recovery ratio, and provisions to bypass or control the
heat recovery system to permit air economizer operation, where
applicable.

« EXxceptions apply, e.g. energy recovery does not have to be
modeled if the largest exhaust source is less than 75% of the design
outdoor airflow, and if exhaust energy recovery is not specified in
the proposed design.
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Do any of the baseline HVAC systems have exhaust air energy
recovery?
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Baseline Design Airflow Rates
(G3.1.2.8)

Baseline Systems except System 9 and 10

based on a supply-air-to-room-air temperature difference of 20°F or
the required ventilation air or makeup air, whichever is greater.

If return or relief fans are specified in the proposed design, the
baseline shall also be modeled with fans serving the same
functions.

Baseline System Types 9 and 10

based on the temperature difference between a supply air
temperature set point of 105°F and the design space-heating
temperature set point, the minimum outdoor airflow rate, or the rate
required by applicable code, whichever is greater.

If the proposed design includes fans to provide non-mechanical
cooling, the baseline shall also include a separate fan to provide
nonmechanical cooling.
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Total Baseline System
Fan Power (G3.1.2.9)

The total baseline fan power must be calculated as described
below, and distributed between supply, return, exhaust, and relief
fans in the same proportion as the proposed design:

Systems 1 and 2: Pfan = CFMs x 0.3

Systems 9 and 10:
Pfan = CFMs x 0.3 (supply fan)
Pfan = CFMnmc x 0.054 (non-mechanical cooling)

Pfan = electric power to fan motor, W
CFMs = the maximum baseline design supply cfm
CFMnmc = the baseline non-mechanical cooling cfm m



Total Baseline System
Fan Power (G3.1.2.9)

Systems 3-8,and 11 —13:
Pfan =|bhp|x 746 /fan motor efficiency

~~

Table G3.1.2.9 Baseline Fan Brake Horsepower

Baseline Fan Motor Brake Horsepower

Constant-Volume Sysiems3to 4 Variable-Yolume Sysfems 5 to 8 Variable-Volume Sysfem 11
CFM; = 0.00034 + A CFM; = 00013+ A CFM; = 0.00062 + A
Motas:

1. Where A i calculated scconding fo Seclion £.5.3.1.1 wsing the pressure-drop adjustment from the proposed dasign and the design flow rate of the baseline buid-
i 5 stem.

2. Do not include pressure-drop edjustments for evaporative coolers or hest recovery devices that are not reguired in the baseline building systam by
Section G3.1.2.10.

A = sum of (PD x ¢cfmD/4131)
PD = pressure drop adjustment from Table 6.5.3.1-2
cfmD = the design airflow through each applicable device
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Changes in 90.1 2019

* Fixes an oversite where baseline fan power was not
prescribed for systems 12 and 13 (single zone,
constant volume with hot water and electric heat

respectively)

Table G3.1.2.9 Baseline Fan Brake Horsepower

Baseline Fan Motor Brake Horsepower

Constant-Volume Systems 3,10 4,12, Variable-Volume Sysrems 5 to & Variable-Volume Sysrem 11
and 13
CFM; = 0.00094 + A CFM; = 0.0013 + A CFM; = 0.00062 + A
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Baseline Pressure
Drop Adjustment

Ratumn or axhaust sysfems raquired by code or accreditation

standards to ba fully ducted, or systams required o maintain air

pressure difforantials batween adjacent rooms.
Ratum andior exhaust aiflow control devices
Exhaust fitters, scrubbars, or athar exhaust treatment

Particulata Filtration Credit: MERWY 9 through 12
Particulata Filtration Credit: MERV 13 through 15

Particulata Filtration Credit: MERVY 16 and greater
and electronically anhanced filttars

Carbon and other gas-phase air cleanars
Bicsafaty cabinat
Enargy racovery device, other than coil runaround loop

Cail runarownd loop
Evaporative humidifier'cooler in series with another cooling coil

Sound attenualion section (fans sarving spaces with dasian
' ~=alg halmw &7

0.5 im. of water (215 in. of water for laboratory and vivarium
systams)

0.5 im. of watar

The prazsura drop of device calculated at fan syskem dasign
condition

0.5 im. of water

0.9 in. of water

Prassura drop calculated at 2x clean filter pressure drop at
fan systam dasign condifion

Claan filter pressura drop at fan system design condifon
Pressura drop of device at fan sysbm design condition

For each airstream [{2.2 = Enthalpy Recovery Ratio)
—0.5] in. of watar

0.6 in. of water for each airstream
Prassura drop of device at fan sysiom design condition
0.15 in. of watar
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Total Baseline System
Fan Power (G3.1.2.9)

Systems 3-8, and 11 — 13:

Pfan = bhp x 746 Ifan motor efficiencyl

Table G3.9.1 Performance Rafing Mathod Motor Efficiancy Requirement

Minimum Nominal Full-Load
Motor Horsepower Efficiency, "%

1.0 825
1.5 84.0
2.0 84.0
3.0 875
5.0 875
7.5 805
10.0 805
15.0 91.0
20.0 91.0

25.0 924

fan motor efficiency = the efficiency from Table G3.9.1 for the next motor
Size greater than the bhp



What is the fan power of the baseline HVAC systems?
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Baseline Hot Water Plant

G3.1.3.2 The boiler plant shall be natural draft, with a single boiler if the
plant serves a conditioned floor area of 15,000 ft2 or less, or two equally

sized boilers for plants serving more than 15,000 ft2.
Table G3.5.6 Gas-Fired Boilers—Minimum Efficiency Requirements

Subcategory or
Equipment Type Size Category Rating Condition | Minimum Efficlency Test Procedure

Bailers, gas-fired <300,000 Btuh Hot water 80% AFUE DOE 10 CFR Part 430
2300,000 Btwh and Maximum 75% E; DOE 10 CFR Part 431
<2.500,000 Btuh capacity
>2,500,000 Btuh Hot water 80% E,

G3.1.3.3 HW design supply temperature shall be modeled as 180°F and
design return temperature as 130°F.

G3.1.3.4 Hot-water supply temperature shall be reset based on the
following schedule: 180°F at 20°F and below, 150°F at 50°F and above,
and ramped linearly between 180°F and 150°F at temperatures between
20°F and 50°F.
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Baseline Hot Water Plant

G3.1.3.5 Hot-Water Pumps

The baseline building design hot-water pump power shall be 19
W/gpm. The pumping system shall be primary-only with continuous
variable flow and a minimum of 25% of the design flow rate. Hot-water
systems serving 120,000 ft2or more shall be modeled with variable-
speed drives, and systems serving less than 120,000 ft2 shall be
modeled as riding the pump curve.

G3.1.3.6 Piping Losses

Piping losses shall not be modeled in either the proposed or baseline
building design for hot-water, chilled-water, or steam piping.
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What is the baseline hot water plant heating efficiency, pump
power and control?
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Baseline Chilled Water Plant

Electric chillers shall be used in the baseline building design
regardless of the cooling energy source, e.g. direct-fired absorption
or absorption from purchased steam.

The baseline building chiller plant configuration depends on the
baseline peak cooling load.

Efficiency prescribed in Table G3.5.3

Table G3.1.3.T Type and HNumber of Chillers

Buikding Peak Cooling Load Numbser and Type of Chillars

=300 tons 1 wataer-cooled scraw chiller
=300 fons, <600 fons 2 watar-cooled screw chillers sized egually
250 tons 2 watsr-cooled cantrifugal chillers minimum with chillers added so that no chiller i=

larger than 800 tons, all sized aqually
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Baseline Chilled Water Plant

44°F chilled-water design supply temperature; 56°F return water
temperature.

Reset based on outdoor dry-bulb temperature : 44°F at 80°F and
above, 54°F at 60°F and below, and ramped linearly between 44°F
and 54°F at temperatures between 80°F and 60°F.

An axial-fan open-circuit cooling tower with variable speed fan
control and efficiency of 38.2 gpm/hp

Primary/secondary loop arrangement

- Primary loop: 9 W/gpm pump power, constant volume

- Secondary loop: 13 W/gpm pump power at design conditions; variable-
speed drives with minimum flow 25% of the design rate if cooling load
over 300 tons, otherwise righting the pump curve.
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Purchased Chilled Water and
Purchased Heat

Projects with purchased heat and/or chilled water in the proposed design
must be modeled with purchased heat/chilled water in the baseline.

In some cases, this requires changing the baseline HVAC system type to
replace DX cooling and/or fossil fuel furnace with chilled and/or hot water
coils

Lower baseline pump power allowances compared to on-site chiller / boiler

For example, if the case study used purchased chilled water and steam, it
would be modeled as follows:

- System 1 replaced by a constant-volume fan-coil units with fossil fuel
boilers.

- System 3 replaced by a constant-volume single-zone air handlers with
hot water and chilled water coils
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Proposed HVAC (G3.1- 10)

 Where an HVAC system has been designed, the HVAC
model shall be consistent with design documents.

« Where no heating system exists or has been submitted with
design documents, the system type shall be the same as In
the baseline, and shall comply with but not exceed the
requirements of Section 6.

* Where no cooling system exists or has been submitted with
design documents, the cooling system type shall be the same
as in the baseline bundlng design and shall comply with the
requirements of Section 6.

Exception: Spaces using baseline HVAC system types 9 and 10.
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How should proposed HVAC be modeled in apartments, multifamily

corridors, stairwells and retail spaces?
If apartments had no cooling specified in the proposed design, how

would proposed HVAC be modeled in apartments?
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REMOVING SUPPLY FAN POWER FROM PROPOSED
PACKAGED EQUIPMENT

Net Cooling [Btw/h]

EER =
Total Input Power [W|

Gross Cooling [B tuf“h] - Net Cooling [B tLlﬂl]

Indoor Fan Power [W]: - 41’“[Bt 7 T‘J]
.41 LI > WY

Gross Cooling [Bmfh]

COP. . =
nfcooling (Total Input Power [W] — Indoor Fan Power [W]] x3.413 [Bmfh X W]

C

« All the inputs above are from the manufacturer’s catalogs for
AHIR Rated conditions.

» COPnfcooling equations provided for the baseline cannot be used
for the proposed design.
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Proposed COPnicoor Calculation
Example

General Data

Table 2. General data - & to 10 tons with eFlex™ and eDrive™ technology (208/230 volt)

& Tons 7.5 Tons 7~ 85Tons 10 Tons
T/YZCO72F3 T/YZCOOOF3 T/YZC102F3 T/YZC120F3
Cooling Performanceia)
Gross Cooling Capacity - Full Load 71,000 92,000 103,000 117,000
EER/IEERI(b] 12.8/23.2 12.8/22.4 12.6/22.5 12.1/23.0
Mominal cfm/AHRI Rated cfm 2,400/2,400 3,000/2,850 3,400/2,975 4,000/4,000
AHRI Net Cooling Capacity - Full Load 70,000 a0,000 99,000 114,000
Systemn Power (kW) 5.47 7.03 A 7.86 0.42
fo‘I"ZClDZFE\ Case Study RTU
MNet Cooling Capacity Btu/hr |A 99,000 98,000
EER B 12.6 14
Total Packaged Unit Power |W C=A/B 7,857 7,000
Gross cooling capacity Btu/hr |D 103,000 100,615
Supply fan power W E=(D-A)/3.412 1172 766
COPnfcool F=D/3.412/(C-E) 4,52 473
EIR 1/F A_ D.2214) 0.2114
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Service Water Heating



Baseline SWH System Type

Where a complete service water-heating system exists or a new
service water-heating system has been specified, one service
water-heating system shall be modeled for each building area type
In the proposed building, with the minimum efficiency requirements
In Section 7.4.2.

Where no service water-heating system exists or has been specified
but the building will have service water heating loads, one service
water-heating system shall be modeled for each anticipated building
area type in the proposed design.

For buildings that will have no service water-heating loads, no
service water-heating shall be modeled.

Where recirculation pumps are used to ensure prompt availability of service
water-heating at the end use, the energy consumption of such pumps shall
be calculated explicitly.
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Baseline Service Water Heatin
System (Table G3.1 No 11)

Table G3.1.1-2 Baseline Service Watar-Heating System

Building Area Type

Automaotiva facility
Convenience store

Convention center
Courthouss
Dining: Bar lungadaisura

Dining: Cafaterafast food
Dining: Family
Dormitory

Exercise cantar
Fire station
Grocary store

Gymnasium
Health-cara clinic

Hospital and outpatiant
surgery centar

Hotal

Library

Manufacturing facility
Motal

Motion picture theater
Multifamily

Muzaum

s

Baseline Haating Mathod
(Gas storaga water heator
Elactric resistance waler heater

Electric resistance storage waler heator
Elactric resistance storage water heater
(Gas storaga water heator

(Gas storage water hoater
(Gas storage water heater
(Gas storage watar hoater

Gas storage wator hoater
(Gas storage water hoater
(Gas storage water heater

(Gas storage water hoater
Electric resistance storage waler haater
(Gas storage water hoater

Gas storage water haatar

Elactric resistance storage water haator
(Gas storaga water heator

(Gas storage watar hoater

Electric resistance storage waler heater
(Gas storage watar hoater

Elactric rasistsr~n stnrage walar b~

Buiding Area Type
Parforming arts theater
Paolice station

Post office

Religious facilty

Ratail

Schooluniversity
Sporis arana
Town hall

Transportation
Warshouse
Workshop

All othars

Basaline Heating Mathod
Gas storage watar heater

Electric resistance storage
watar haator

Electric resistance storage
water haatar

Elactic resistance storage
watar haator

Eloctic resistance storage
watar heatar

Gas storage watar heater
Gas storage watar heater

Electric resistance storage
watar haator

Electric resistance storage
water haatar

Electric resistance storage
watar haator

Electic resistance storage
watar heatar

Gas storage watar heater
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Baseline Water Heater
Efficiency Requirements

TABLE 7.8 Performance Requirements for Water Heating Equipment

. ) Size Category Subcategory or . . aa Test
Equipment Type (Input) Rating Condition Performance Required Procedure”
Resistance . DOE 10 CFR
<12 o / . 3_ . 27
<12 kW >20 gal 0.93-0.00132V EF Part 430
Electric . 20+35 JV
::= -) / < 22 < T & 2 - . 3
water heaters 12 kW Resistance 220 gal SL. Btuh ANSI Z721.10.3
<24 Amps and DOE 10 CFR
: . 3_ . ] ."
<350 Volts Heat Pump 0.93-0.00132V EF Part 430
<75,000 Bw'h =20 gal 0.62-0.0019V EF DOE 1? ,CFR
Gas storage Part 430
water heaters 0/ /200 + A7
=75,000 Bwh <4000 (Btw'h)/gal 80% E, (Q/800 ..110 4V ANSIZ21.10.3
o E SL. Btwh
>50,000 Btw'h and =4000 (Btwh)/gal . . DOE 10 CFR
<200.000 Btw'h and <2 gal 0.62-0.0019V EF Part 430
Gas instantaneous >200.000 Btu/ht 24000 (Btw'h)/gal 80% E
water heaters 7 and <10 gal o
ANSIZ21.10.3
_ _ =4000 (Btw'h)/gal 80% E,(Q/800+ 110 V)
] | I 1 /
2200,000 Btw/h and =10 gal SL. Btu'h
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Proposed Service Hot Water
System G3.1-11

 Where a service water-heating system has been designed and
submitted with design documents, the service water heating model
shall be consistent with design documents.

 Where no service water-heating system exists or has been designed
and submitted with design documents but the building will have
service water-heating loads, a service water-heating system shall be
modeled that matches the system type in the baseline building
design, serves the same water-heating loads, and shall comply with
but not exceed the requirements of Section 7.

 Where a service hot water system has been specified, the service
hot water model shall be consistent with design documents.
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What service water heating systems should be modeled in the
baseline?
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HW Demand
(Table G3.1 No 11)

Service water loads and use shall be the same for both the
proposed design and baseline building design and shall be
documented by the calculation procedures described in Section
7.4.1.

Exceptions: Service hot-water usage can be demonstrated to be reduced
due to the following:

 reducing the physical volume of service water required, such as
with low-flow shower heads.

 reducing the required temperature of service mixed water or by
Increasing the temperature of the entering makeup water, such as
alternative sanitizing technologies for dishwashing and heat
recovery to entering makeup water.

Reduction shall be demonstrated by calculations.
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Hot Water Heating Loads

« Service water loads and usage shall be the same for both the
baseline building design and the proposed design

 Service water load defaults from 90.1 User’'s Manual

I-P Version

Occupancy Density? Receptacle Power Density? Service Hot-Water Quantities* |
Building Type ft* /person (Btu/h-ft%) W/ ft* (Btu/h-ft*) Btu/h-person
Assembly 50 (4.60) 0.25 (0.85) 215
Health /Institutional 200 (1.15) 1.00 (3.41) 135
Hotel/Motel 250 (0.92) 0.25 (0.85) 1,110
Light Manufacturing 750 (0.31) 0.20 (0.68) 225
Office 275 (0.84) 0.75 (2.56) 175
Parking Garage n.a. n.a. n.a.
Restaurant 100 (2.30) 0.10 (0.34) 390
Retail 300 (0.77) 0.25 (0.85) 135
School 75 (3.07) 0.50 (1.71) 215
Warehouse 15,000 (0.02) 0.10 (0.34) 225
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HW Demand Assumption

 ASHRAE Applications Handbook

Residential Usage Profile Dependent on Project Demographics

Baseline Residential
SWH Usage per
Person

All occupants working, seniors, middle income, and
Low |higher population density.

12 gallons/day

Mixture of working / non-working occupants, mixture
Medium |of age groups, medium population densities.

25 gallons/day

High percentages of children, low income, public
High |assistance, or no occupants working.

44 gallons/day

Service water heating is an impactful end use in residential occupancies,

with the usage strongly dependent on occupant demographics!
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Baseline Hot Water Flow
Rates

Not prescribed in ASHRAE 90.1

Federal Energy Policy Act (EPAct) of 1992 establishes water
efficiency standards for showerheads and faucets manufactured

after January 1994.

— Lavatory faucet 2.5 GPM
— Kitchen faucet 2.5 GPM
— Showerheads 2.5 GPM
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Hot Water Demand Savings
Due to Low Flow Fixtures

ProposedHWD = BaseHWD*(0.36+0.54*LFS/BSF+0.1*LFF/BFF)

LFS [GPM] — rated flow rate of the specified low-flow showerheads
BSF [GPS] — flow rate of the baseline showerheads

LFF[GPM] — rated flow rate of the specified low-flow faucets

BFF [GPM] — flow rate of the baseline faucets

From a study by Hwang et al http://enduse.Ibl.gov/Info/LBNL-34046.pdf for
multifamily buildings.

Needs adjustment when used for different building types.
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Changes in 90.1 2019

 Clarified that SWH piping losses should
not be modeled.

« Set baseline hot water demand based on
the maximum allowed by the applicable
code, which is often more stringent than
the EPACT 1992!
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Apartments in the case study have low flow faucets and shower-heads
with the design flow rates below the maximum set in the applicable
plumbing code.

Can water heating energy use be based on lower volume of hot water
consumed in the proposed design compared to the baseline?
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Miscellaneous Other Loads



Elevators

* Where the proposed design includes elevators, the elevator motor,
ventilation fan, and light load must be modeled.

« The cab ventilation fan and lights must be modeled with the same schedule

as the elevator motor.
. /_l Same as proposed

* The baseline elevator peak motor power:

bhp s (Weight of Car + Rated Load — Counterweight) x Speed of Car}(33,000 x

hmechanica
Pm = bhp x 746/hmotor

Table G3.9.2 Performance Rating Method Baseline Elevator Motor

umber of Stories Meachanical
{In:hl:lrg Basement) | Motor Type Eﬂ'i:l.lq.r Motor Efficiency”

Hydraulic Table G393

Traction F'n::pu::sau' de=ign counterwaight, 64% Table 5G3.9.1
if ot specified use waight of the
car plus 40% of the rated load

a. Use the eMcEncy for the next motor size graater than M calculstad bhp.
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Refrigeration Systems

The proposed design shall be modeled using the actual equipment
capacities and efficiencies.

90.1 2019: clarified that the proposed refrigeration systems rated in
accordance with AHRI 1200 must be modeled with the rated energy use

Where refrigeration equipment is specified in the proposed design
and listed in Tables G3.10.1 and G3.10.2, the baseline building
design must be modeled as specified in Tables G3.10.1 and G3.10.2
using the actual equipment capacities.

If the refrigeration equipment is not listed in Tables G3.10.1 and
G3.10.2, the baseline building design must be modeled the same as
the proposed design.

Egquipmeant Energy Use Limits, ™" | Test
Class" Operating Mode Rating Temperatursa kWhiday Procedurs
VOP.ARCM Verical opan Remoie condensing Medium temperature 1.01 = TDA + 4.07 AHRI 1200

SWORACM Semiverfical opan Remoie condensing Meadium temperature 101 = TDA + 3.18
HZORACM  Horizontal open Remoie condensing Medium temperature 051 = TDA + 2 B8

LIS re L e L B T PR, | T T T S o - TEHN e
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Motors

Non-HVAC motors 1HP and larger must be modeled based on Table
G3.9.1 in the baseline, and as specified in the proposed design

Table G3.9.1 Performance Rafing Mathod Motor Efficiency Requirements

Minimum Nominal Full-Load
Efficiency, %

1.0
1.5
2.0
3.0
6.0

7.5
10.0

15.0
20.0
25.0

825
84.0
84.0
875
87.5
89.5
895
91.0
21.0
92 4

-
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Receptacle and Process Loads
(Table G3.1 No 12)

Energy use associated with receptacle and process loads,
such as office equipment and residential appliances, must
be estimated based on the building type or space type
category and modeled identically in the proposed and
baseline designs.

Exceptions: When guantifying performance that exceeds the requirements
of Standard 90.1 and approved by the rating authority, the power, schedules,
or control sequences of the equipment modeled in the baseline building
design may vary from the proposed design based on documentation that the
equipment installed in the proposed design represents a significant verifiable
departure from documented current conventional practice
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Documenting Plug Load Credit

for Above-code Programs

Table 4.7. Plug Load Calculation for the Advanced Case without Additional Controls

Baseline Advanced
Plug Plug
load. Plug load load,
Plug Load Equipment Inventory Quantity  each (W) (W) Quantity each (W) Plug load (W)

Office Equipment

Computers — servers 8 65 520 8 54 432
Computers — desktop™ 134 65 8.710 89 54 4 806
Computers — laptop™ 134 19 2.546 179 17 3.043
Monitors — server — LCD 8 35 280 8 24 192
Monitors — desktop — LCD 268 35 9,380 268 24 6,432
Laser printer — network 8 215 1.72 8 180 1,440
Copy machine 4 1,100 4,400 4 500 2,000
Fax machine 8 35 280 8 17 136
Water cooler 8 350 2800 8 193 1.544
Refrigerator 8 76 608 8 65 520
Vending machine 4 770 3.080 4 770 3,080
Coffee maker 4 1,050 4,200 4 1.050 4.200
Portable HVAC (heaters. fans) 30 30 200 30 30 900
Other small appliances, chargers 250 4 1,000 250 4 1.000
Total plug load (W) 40,424 29725
Plug load density, W/ft’ (W/m®) 0.75 (8.07) 0.55 (5.92)

(a) Assumes shift towards higher proportion of laptops instead of desktop computers in advanced from earlier

equipment power density.

From “Technical Support Document: 50% Energy Savings Design Technology
Packages for Medium Office Buildings” (published in 2009 by PNNL)
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EnergyStar® Appliances

« Performance credit may be claimed for above-
code programs such as LEED and EPA
ENERGY STAR Multifamily High-rise.

* Performance credit for Energy Star ® appliances
based on the www.enerqgystar.gov
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http://www.energystar.gov/

Apartments in the case study have ENERGY STAR refrigerators. Can
lower appliance loads be modeled in the proposed design compared to
the baseline?
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Table G-I—Office Occupancy

Default Schedules (90.1 User Manual)

Hour of Day
(Time)

Schedule for
Occupancy

Percent of

Maximum Load

Wik Sat Sun

Schedule for
Lightung Receptacle

Percent of
Maximum Load

Wik Sar Sun

Schedule for
HVAC System

Wik Sat Sun

Schedule for

Service Hot Water

Percent of
Maximum Load

Wik Sat Sun

Schedule for
Elevator

Percent of
Maximum Load

Wi Sat Sun

1 (12-1 am)

3

Z (1-2 am)
(2-3 am)

(3-4 am)

[ TR Sy 1

4-3 am)

(5-6 am)

R

(6-7 am)

-]

(7-3 am)
(8-9 am)

10 (9-10 am)
11 (10-11 am)
12 (11-12 pm)
13 (12-1 pmy)
14 (1-2 pm)
15 (2-3 pm)
16 (3-4 pm)
17 (4-5 pm)
18 (5-6 pm)
19 (6-7 pm)
20 (7-8 pm)
21 (8-9 pm)
22 (9-10 pmy)
23 (10-11 pm)

24 (11-12 am)

Total/Day
Total,/ Week
Total/ Vear

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
10 10 5
20 10 5

5 30 5

5 30 5

5 30 5

5 30 5
50 10 5

5 10 5
95 10 5

5 10 5

5 10 5
30 5 5
10 5 0
10 0 0
10 0 0
10 0 0
5 0 0
5 i] i]

920 200 &0
45.60 how

2534 hou

10 5 5
10 10 5
30 10 5
20 30 5
90 30 5
90 30 5
a0 30 5
B0 13 5
20 13 5
20 13 5
20 13 5
20 15 5
50 5 5
30 5 5
30 5 5
20 5 5
20 5 5
10 5 5

1040 280 120
36.00 howss

2020 howss

Off ff ff
Off i3 ff
Off i3 ff
Off £f ff
Off £ ff
Off i3 ff
Cn O ff
On On ff
Cn O ff
O O ff
Cn (e ff
On On ff
Cn O £
O O ff
Cn (e ff
Cn O £
Cn O ff
O O ff
On i3 ff
On £f ff
On £f ff
On i3 ff
Off £ £
Off £f ff

1600 1200 0
9200 howss

4797 howss

3 3 4
B B 4
B B 4
3 3 4
3 3 4
8 8 7
7 7 4
19 11 4
35 13 4
38 21 4
kL 19 4
47 23 é
57 20 6
54 19 ]
34 3 6
33 12 4
44 14 4
26 7 4
21 7 4

3 7 4

17 7 4
8 9 7
z z 4

537 236 113

30.34 homnss

15392 homes

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
33 16 0
] 14 0
43 21 0
37 18 0
43 23 0
53 21 0
48 13 0
37 ] 0
37 4 0
46 5 0
a2 6 0
20 0 0
12 0 0
4 0 0
4 0 0
0 0
0 0

553 131 0

29.26 honss

1526 hounrs

Wk = Weekday
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Schedules from DOE/PNNL
Technical Support Document

0.2

0.6

Fraction of Peak

0.4

0.2

.

1

3

5

7

9 11 13 15 17 19 21 123

Lighting

e Equuipment
Occupancy

~———HVAC Fans

Schedules from “Technical Support Document: 50% Energy Savings Design
Technology Packages for Medium Office Buildings” (published in 2009 by PNNL).
This document also estimates baseline plug loads as 0.75 W/Sq Ft.
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Typical Plug and Process Loads Site EUI

Process & Plug Loads
49 127

Hospital
Large Hotel 35 90
Small Hotel 21 63
Large Office 42 74

Medium Office 14 36
Primary School 20 57

Secondary School 14 40

PNNL 2013EndUseTables_2014jun20.xls

http://www.energycodes.gov/commercial-prototype-building-models 152
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Receptacle and Process Loads

Default assumptions are included in 90.1 User’'s Manual

I[-P Version

Receptacle Power Density?

Building Type W/ ft* (Btu/h-ft?)
Assembly 0.25 (0.85)
Health /Institutional 1.00 (3.41)
Hotel /Motel 0.25 (0.85)
Light Manufacturing 0.20 (0.68)
Office 0.75 (2.56)
Parking Garage n.a.
Restaurant 0.10 (0.34)
Retail 0.25 (0.85)
School 0.50 (1.71)
Warehouse 0.10 (0.34)
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90.1 2019 Appendix G

 When receptacle controls installed in spaces where not required by Section
8.4.2 are included in the proposed building design, the hourly schedule of
such controlled receptacles may be reduced by 10%

« Background: Section 8.4.2 requires automatic receptacle controls in at
least 50% of all 125 V, 15 and 20 amp receptacles in all private offices,
conference rooms, rooms used primarily for printing and/or copying
functions, break rooms, classrooms, and individual workstations;
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Reporting Requirements



Documentation (G1.3.2)

Simulated performance shall be documented, and do~
be submitted to the rating authority. The informa*

pared with the requirements m Sections 5 through 10, the simulation
used. the version of the simulation program. and the results of the gp

ment.

b. An overview of the project that includes the »
grade), the typical floor size, the uses”

tioned space.
A list of the energy-g=

differ between the m
posed building perfor
A list showing complian
Sections 5.4. 64,74 84
A list identifying those aspe

the requirements of Sections

the requirements of

PTOVisions).

design that are less stringent than

9.5, and 9.6 (prescniptive provisions).

~ A table with a summary by e
building performance.

& of the energy cost savings i the proposed

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

ntation shall

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.

. Purchased energy rates used in the simulations.

An explanation of any error messages noted in the simulation program output.
For any exceptional calculation methods emploved., document the predicted
energy savings by energy type, the energy cost savings, a narrative explaining the
exceptional calculation method performed, and theoretical or empinical informa-
tion supporting the accuracy of the method.

The reduction in propesed building performance associated with on-site renew-
able energy.

The version of the software and the link to the website that contamns the
ASHRAE Standard 140 results for the version used in accordance with Section
G224
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COMPLIANCE FORM DEMO
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INTERPRETING
SIMULATION RESULTS



NYSERDA Research Study

Energy Standard P H .
for Buildings Fassive House
Except Low-Rise lnstitute
Residential Buildings Passive House Institute US

New York State Energy Research and Development
Authority funded a study to examine equivalency of
ASHRAE Standard 90.1 Appendix G, PHIUS+, and PHI
modeling protocols to inform technical requirements of the
multifamily program.
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Study Methodology

» Model the same building
designs in the three protocols

» Compare projected
performance

» If projections differ,
understand sources of the

difference )
» Develop an approximate ASH: HAE)
mapping between protocols Standard 90.1

Performance
Rating Method

Fassive House I H

Institute Passive House Institute US
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Case Study Description

Building shape and floor plan based on the Pacific
Northwest National Lab (PNNL) high-rise apartment
multifamily progress indicator model

« 84,360 sf? 10-story

* /9 apartments

* Windows account for 30% of gross
exterior wall on each exposure

 Slab-on-grade foundation

* Modeled alternative designs from
minimum code compliant to
exceeding passive house
reguirements
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Modeling Protocols and the Teams

_ Guiding Documents Simulation Tool

ASHRAE Standard 90.1 2010 Appendix G; eQUEST v3.65
EPA Energy Star MFHR Simulation Guidelines

ITIVER PHIUS+ 2015 Certification Guide Book V1.01  WUFI V.3.0.3.0

[ PHPP v9.5 — PH Classic PHPP v9.5

f NEW YORK
STATE OF
OPPORTUNITY.

NYSERDA KARPMAN ( TR C LPHIU "%ﬂveﬁouse

CONSULTING Passive House Insttute Us  /11STITUte

“ Steven Winter Associates, Inc.
Img ) the Built ynment e 197

All materials including the models and analysis were shared between the teams
to enable peer review.

Results you

164


https://www.energystar.gov/ia/partners/bldrs_lenders_raters/downloads/mfhr/ENERGY%20STAR%20MFHR%20Simulation%20Guidelines_Version_1%200_Rev03.pdf?87b4-4aa4
http://multifamily.phius.org/sites/default/files/certification_guidebook_v1.01_-_phius_2015-online.pdf

Modeled Annual Source
Energy Use

®90.1 PRM

m PHIUS

MMBtu/yr

B PHI

Base Package Package Package
Case A B C

* Site-to-source energy conversions on all graphs are based on the EPA Portfolio Manager
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Base Case Source Energy: Plug Loads

DHW

Fans

|

I Plug Loads

Lighting
Pumps
Heating

Cooling

H90.1 PRM

m PHIUS

H PHI

166



Base Case Source Energy: Lighting

DHW
Fans
Plug...

Lighting = 90.1 PRM

Pumps

Heating = PHIUS

Cooling
H PHI

* Site-to-source energy conversions based on the EPA Portfolio
Manager
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Base Case Source Energy: Fans

DHW [
I Fans r |

Plug...

Lighting
Pumps
Heating ¥ 90.1 PRM
= PHIUS

Cooling
 PHI




Key Reasons for the Difference:
Modeling Assumptions and Rules

PH protocols have significantly more optimistic assumptions for
systems and operating conditions not inherent in design compared to
EPA MFHR. Examples include ...

- in-unit lighting
- plug loads

- hot water use
- credit for the manual controls (90.1 credits automatic controls only)
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Key Reasons for the Difference:
Simulation Tools Capabilities

 WUFI and PHPP were designed to model high performing
buildings with relatively simple mechanical systems, and do
not meet many of the simulation tool capabilities required by
ASHRAE Standard 90.1.

* Sample limitations that affected the case study:

- could not explicitly model different mechanical systems serving
common corridors (e.g. gas-fired RTU) versus apartments (e.g. VRF
heat pumps)

- continuously running heating & cooling system fans (e.g. in PTACs in
the Base Case) were not captured



So Which Protocol Got it Right?

The actual performance of the proposed design will differ from
the modeled performance due to the following...

 variations in schedule of operation and occupancy NOW ?Jﬁﬁnﬁ-

building operation and maintenance &

weather
10 year historical weather average # 2020 weather e O

changes in energy rates
2017 electricity and gas cost # 2020 costs

tenant equipment

the precision of the calculation tool

THIS FACTORS AFFECT ALL PROTOCOLS
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If Modeled Performance Cannot
Pinpoint Actual Performance, then

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Why Bother?

www.fueleconomy.gov

the official U.S. government source for fuel economy information

Elec + Gas Reg. Gas
-‘133MPGE 54 MPG
ombined a combined

city/highway city/highway

.0 gal/100mi of gas
+ 25 kWh,/100mi

li I
Il Gasoline Only %

25 miles 540 miles
Elec + Gas Total Range (1)
All Elec:0-25 mi

1.9 gal/100mi

Your Mileage Will Vary

EPA fuel economy estimates are based on
standardized tests designed to reflect "typical”
driving conditions and driver behavior, but several
factors can affect MPG significantly:

How & where you drive

Vehicle condition & maintenance
Fuel variations
Vehicle variations

Engine break-in

U S, Government Fodoral law prohibits removal of this label before consumer purchase.

ENERGYGUIDE

Emctric Hytrid He Purmp Wale Heater

151 Hout Fasing 70 Galkes

Energy Factor: 235

Maets Mors Siringent NEEA T 2 Cold Ciimale Specs

Ekctrolux Home Products. Inc
Modeks EEEBWPI0PS
EECOWPISPS
Capicity 66 Galons

Estimated Yearly Operating Cost

§224

Ly L T

$220 $264)

Cost Range of Similar Models

1870

Estimated Yearly Electricity Use

+ Cost range based only on heat pump waler heater models of similar
capacity.

« Estimated anergy cost based on a national average electricity cost of
12 cents par kWh

* For more vist www.ftc.g

ENERGY STAR

ay
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