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Learning Objectives

Describe the evolution of the Appendix G Performance
Rating Method and its role in energy code compliance

Compare the Appendix G Performance Rating Method to
the Energy Cost Budget method, highlighting key
differences in application and outcomes

|dentify key updates in ASHRAE 90.1 Appendix G from the
2019 to the 2022 version

Evaluate how alternative metrics can influence compliance
results



How it All Started

ASHIRAE
S UANDARD

e 1960s — 1970s: the beginning of computer use
for HVAC design

e 1970s: The oil embargo and the rise of building
energy standards

 ASHRAE Standard 90-75 “Energy Conservation
in New Building Design”

v’ Prescriptive criteria for the envelope, lighting, HVAC,
and water heating systems

ENERGY CONSERVATION
IN NEW BUILDING DESIGN

v’ Performance approach to allow any combination of
building and equipment characteristics that would use
equal or less energy annually as a design that follow the
prescriptive approach.

Approved by ASHRAE 90-75 Project Committee
by letter ballot July 23, 1975; by ASHRAE
Standards Committee July 24, 1975; by ASHRAE
Board of Directors by letter ballot August 11, 1975.




Organization of ASHRAE Standard 90.1

Purpose
Scope
Definitions, Abbreviations and Acronyms
Administration and Enforcement
Building Envelope
Heating, Ventilating and Air Conditioning
Service Water Heating
Power
Lighting

. Other Equipment

. Additional Efficiency Requirements

. Energy Cost Budget Method

e e b of a1 KSR ety b o o ASLHAE bt (st o o . Normative References

05 21 T 0L oo f o L0 51473 s 5 Co-Fr Normative Appendices A, C, J, L

CmAHAE s 0 \ e Normative Appendix G: Performance Rating Method
ASHRAE) ﬁ (ansr) Informative Appendices B, D, E, F, H, I, K

ANSI/ASHRAE/IES Standard 90.1-2022
(Supersedes ANSI/ASHRAE/IES Standard 90.1-2019)
Includes ANSI/ASHRAE/IES addenda listed in Appendix M

Energy Standard
for Sites and Buildings
Except Low-Rise

Residential Buildings
(1-P Edition)

LN EWNRE

See Informative Appendix M for dates of approval by ASHRAE, the llluminating Engineering Sociery, and the American
Mational Standards Institute.

=
= O

This Standard is under continusus maintenance by a Standing Standard Preject Committee (SSPC) for which the Standards
Committee has established a decumented program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. Instructiens for how to submit a
change can be found on the ASHRAE™ website (wwiw.ashrae.org/continuous-maintenance). 1 3

[HY
N




Compliance Options: Prescriptive Path

Section 5: . Section 7:
e Section 6: )
Building Service Water
HVAC :
Envelope Heating

Mandatory +
Prescriptive
Requirements

Mandatory +
Prescriptive
Requirements

Mandatory +
Prescriptive
Requirements

Section 8:
Power

Mandatory +
Prescriptive
Requirements

Section 9:
Lighting

Mandatory +
Prescriptive
Requirements

Section 10:
Other
Equipment

Mandatory +
Prescriptive
Requirements

Section 11:

Additional

Efficiency
Requirements

Prescriptive
Requirements




Compliance Options: Performance Path

Comply with Trade-Off
Mandatory Prescriptive
Provisions Provisions

Section 5.4: Building Envelope

Section 12: Energy

+ Cost Budget Method
O]

Section 6.4: HVAC
Section 7.4: Service Water Heating

Section 8.4: Power

Appendix G:
Performance Rating
Method

Section 9.4: Lighting

Section 10.4: Other Equipment



General Concept of Performance-based
Compliance with 90.1

PI'O_POSEd design: based on Reference design: virtual
design documents building used to evaluate

proposed design

Includes ANS/ASHRAEIIES addenda isted in Appendix

for Sites and Buildings
Except Low-Rise

Residential Buildings
(I-P Edition) {88\
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EnerayPlus

ﬁ OpenStudio

TRACE 3D Plus

TRACE™ 700

What is Energy Modeling?

In its simplest form, an energy model is...

Ad

a set of inputs
and default
variables

(Building geometry/
massing/form, system
type, operation
schedules, etc.)

a calculation
engine

(DOE-2, EnergyPlus,
Apache, etc.)

ul

the results or
output the
program delivers

(Performance
comparison graphs,
compliance reports, efc.)

An Architect’s Guide to Integrating Eneroy Modeling in the Design Process

RRRRRRRRRRRRRRRRRRRRR



Common Reasons for Using the Performance Path

* To demonstrate compliance for projects with
high fenestration area

 To make up for systems not meeting prescriptive
requirements by exceeding requirements for
other systems

* To evaluate building performance in terms of
energy cost

* To document above-code compliance




Key Similarities Between Energy Cost Budget Method (ECB) and
Performance Rating Method (PRM)

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

 Compliance is established based on the relative annual energy cost of two models.
* The proposed design model must reflect the specified systems, component and controls
* Proposed design must meet mandatory requirements of 90.1.

* Except were specifically instructed, all building systems and equipment must be modeled
identically in the two models.

* Operating schedules must be typical for the building type and identical in both models.

Store Hours

Sunday 12pm-5pm
Monday gam-6pm
Tuesday 9am-6pm
Wednesday = 9am-8pm
Thursday 9am-8pm
Friday 9am-6pm
Saturday 10am-5pm

11



Key Differences between PRM and ECB

Systems and components of the baseline design Budget design has the same types of systems as the
depend on project occupancy type and location but  proposed design

are otherwise largely independent of the proposed

design
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Key Differences between PRM and ECB

Systems and components of the baseline design Budget design has the same types of systems as the
depend on project occupancy type and location but  proposed design

are otherwise largely independent of the proposed

design

Baseline design has efficiency levels approximately Budget design is minimally compliant with
aligned with 90.1 2004 prescriptive requirements of 90.1 2022
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Key Differences between PRM and ECB

Systems and components of the baseline design Budget design has the same types of systems as the
depend on project occupancy type and location but  proposed design
are otherwise largely independent of the proposed

design

Baseline design has efficiency levels approximately Budget design is minimally compliant with
aligned with 90.1 2004 prescriptive requirements of 90.1 2022

Project complies if the annual energy cost of the Project complies if the annual energy cost of the
proposed design is below the baseline energy cost proposed design does not exceed the energy cost

by a set margin. budget.
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Key Differences between PRM and ECB

Systems and components of the baseline design Budget design has the same types of systems as the
depend on project occupancy type and location but  proposed design
are otherwise largely independent of the proposed

design

Baseline design has efficiency levels approximately Budget design is minimally compliant with
aligned with 90.1 2004 prescriptive requirements of 90.1 2022

Project complies if the annual energy cost of the Project complies if the annual energy cost of the
proposed design is below the baseline energy cost proposed design does not exceed the energy cost
by a set margin. budget.

More opportunities for performance credit - e.g., for Fewer opportunities for performance credit — e.g.,

specifying more efficient HVAC system type, low flow limited credit for specifying more efficient system

plumbing fixtures, etc. type, no credit for energy efficient refrigeration
systems, exterior lighting, fan systems, etc.
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Key Differences between PRM and ECB

Systems and components of the baseline design Budget design has the same types of systems as the
depend on project occupancy type and location but  proposed design
are otherwise largely independent of the proposed

design

Baseline design has efficiency levels approximately Budget design is minimally compliant with
aligned with 90.1 2004 prescriptive requirements of 90.1 2022

Project complies if the annual energy cost of the Project complies if the annual energy cost of the
proposed design is below the baseline energy cost proposed design does not exceed the energy cost
by a set margin. budget.

More opportunities for performance credit - e.g., for Fewer opportunities for performance credit — e.g.,

specifying more efficient HVAC system type, low flow limited credit for specifying more efficient system

plumbing fixtures, etc. type, no credit for energy efficient refrigeration
systems, exterior lighting, fan systems, etc.

May be used to document the minimum code May be used only to document the minimum code
compliance and beyond code performance compliance
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PRM History and Evolution

Introduced in 90.1 2004

Benefits of the stable and independent baseline
introduced in 90.1 2016:

v’ Simplifies modeling and submittal reviews

v" Increases opportunities for automation in simulation

tools

Starting with 90.1 2016, may be used for both
documenting the minimum code compliance as
well as beyond code performance

ENERGY STAR

MNormative Appendix G
Table G3.4-4 Performance Rating Method Building Envelope Requirements for Climate Zone 4 (A,B,C)*

Mowwolria | Rkl | Sombosod__|
g Eomont
Roofs
Insulation entirely above deck  U-0.063 U-0.063 U-0.218
Walls, Above Grade
Sivel-framed U-0.124 U-0.064 U-0.124

Wall, Below-Grade

Below-gradg

Normative Appendix G

Table G3.7 Performance Rafing Method Lighiing Power Densify Allowances and
Occupancy Sensor Reductions Using the Space-by-Space Method

Occupancy Sensor
Common Space Types® Lighting Power Density, Wit Reduction®

Audiance Seating Area

Auditarium 0.90
Convention center 0.70 10%
Exercisa centar 0.30 10%
Gymnasium Al

—

17



Performance Cost Index

Performance of the proposed design relative 1.00 Baseline (%90.1 2004)
to the baseline is expressed as Performance —
Cost Index (PCl) 0.75 —

PC] = Proposed Building Energy Cost — € 90.1 2022 PCIr

Baseline Building Energy Cost 0.50—

Project meets code if the PCl is less than or
equal to the Performance Cost Index Target 0.25 [
(PCly) ||

PCI < PClt 0 g

18



Performance Cost Index Target

(BBUEC +(BPF - BBREC) —PRE)

PCI, =
‘ BBP

BBUEC = Baseline Building Unregulated Energy Consumption
BBREC = Baseline Building Regulated Energy Consumption
BBP = Baseline Building Performance; BBP=BBUEC+BBREC

BPF = Building Performance Factor

PRE = Prescriptive renewable savings (**new for 90.1-2022**)

19



Unregulated Energy Cost

(BBUEC +(BPF - BBREC) — PRE)
BBP

PCIt:

Energy use of systems and components that have no
requirements in 90.1 Sections 5 — 10 are considered
UNREGULATED.

Examples: Plug-in equipment such as kitchen appliances,
consumer and office electronics; industrial process
equipment with no requirements in 90.1.

20



Regulated Energy Cost

(BBUEC +(BPF - BBREC) —PRE)

PCI, =
‘ BBP

Energy use of system or component with requirements
prescribed in 90.1 Sections 5 through 10 are
considered regulated.

Examples: envelope of conditioned spaces, lighting,
HVAC

21



Building Performance Factor

(BBUEC +(BPF - BBREC) — PRE)

PCI, =
‘ BBP

Quantifies change in stringency between
90.1 2022 compared to 90.1 2004 which
is used as the basis for the baseline
model

Determined using DOE/PNNL Prototype
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 Mid-Rise Apartment

(Multi-family)

High-Rise Apartment

22



Building Performance Factor

Table 4.2.1.1 Building Performance Factor (BPF)

Climate Zone

A[::r::t"il!}ljge 0OA | 0B | 1A | 1B [ 2A | 2B | 3A | 3B | 3C | 4A | 4B | 4C | SA | 5B | 5C [ 6A [ 6B | 7 8
Multifamily 0.6910.68 07110701072 1072 0.71 10.76 | 0.63 | 0.69 [ 0.76 | 0.71 | 0.66 | 0.72 | 0.71 | 0.65 [ 0.67 | 0.65 | 0.67
Healthcare/hospital | 0.69 [ 0.69 | 0.70 | 0.68 | 0.67 | 0.65 | 0.65 | 0.66 | 0.64 | 0.64 | 0.66 | 0.63 | 0.67 [ 0.65 | 0.65 | 0.66 | 0.67 | 0.68 | 0.70
Hotel/motel 0.66 1 0.66 | 0.690.65]0.65|0.64 | 0.640.65|0.65|0.63]0.65|0.63|0.62]|063|0.62]|0.61|[0.62]|0.59]|0.58
Office 0.541054]053]0521052(052]050]0.54|048 048053048 0491052048 |0.48(1049(046/0.48
Restaurant 0.6210.59|0.5710.57 0570530571053 ]0511055]0.54|0540.57]056(055]0.59(0.58]0.61]0.64
Retail 0511049 048048044 | 0430431043044 |1042]043|046|043|042|047)|043(043]|0.41|0.44
School 0.5210.57]0.5710.56]0.52]0.53 (0521049 (050 046|047 047 |047(046|046 04610.44|0.45|045
Warehouse 0261026 ]0.22]10.2510.21 1022 ]0.25]0.21(0.19|0.25]10.2210.22 {028 10.24|0.22 |10.31(0.28|0.29|0.32
All others 0.6210.60|0.62]059]0.55]051|053]0.52]055|053]052|055(053]053(056(0.54(0.54]10.54|0.54

Multifamily, CZ 4A

School, CZ 6A
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Prescriptive Renewable

(BBUEC +(BPF - BBREC) —PRE)
BBP

PCIt:

Associated energy cost savings for an on-site
renewable energy system that meets but does not
exceed the requirements of Section 10.5.1.1.

PRE = PBP,,-PBP,,

PBP = proposed building performance, including the reduced, annual purchased energy cost
associated with all on-site renewable energy generation systems

nre

PBP,,, = proposed building performance without any credit for reduced annual energy costs from on-
site renewable energy generation systems

EEE = proposed building performance, excluding any renewable energy system in the proposed
design and including an on-site renewable energy system that meets but does not exceed the
requirements of Section 10.5.1.1 modeled following the requirements for a budget building
design in Table 12.5.1, row 15 24




PRM Major Updatesin 9

Accounting for Prescriptive

Renewables
(Section 4.2.1.1)

When using Normative Appendix G, the Performance Cost Index (PCI) of new buildings, additions to

and/or

existing

1o existing buildings shall be less than or equal to the Performance Cost

Index Target (PCI,) when calculated in accordance with the following:

where
PCI
BBUEC

BPF

BBREC

PRE
PBP

PBP,

nre

PCI, = [BBUEC + (BPF x BBREC) - PRE] /BBP

Performance Cost Index calculated in accordance with Section G1.2.2

baseline building unregulated energy cost, the portion of the annual energy cost of a baseline
building design that is due to unregulared energy use

building performance factor from Table 4.2.1.1. For building area types not listed in Table
4.2.1.1, use “All others.” Where a building has multiple building area types, the required
BPF shall be equal to the arca-weighted average of the building arca types based on their
gross floor area. Where a project includes an existing building and an addition, the required
BPF shall be equal to the arca-weighted average, based on the gross floor area, of the
existing building BPF determined as described in Section 4.2.1.3 and the addition BPF from
Table 4.2.1.1.

baseline building regulated energy cost, the portion of the annual energy cost of a baseline
building design that is duc to regulated energy use

PBP,. - PBP,.

proposed building performance, including the reduced, annual purchased energy cost
associated with all on-site renewable energy generation systems

proposed building performance without any credit for reduced annual energy costs from on-
site renewable energy 10N SVS{ens

PBP,

proposed building performance, excluding any renewable energy sysiem in the proposed
design and including an on-site renewable energy system that meets but does not exceed the
requirements of Section 10.5.1.1 modeled following the requirements for a budget building
design in Table 12.5.1, row 15

BBP

baseline building performance

New Rules for Alterations
(Section 4.2.1.3)

Added Completely New

Modeling Rules for Minor
Alterations

c. Normative Appendix G, “Performance Rating Method,” in accordance with Section 4.2.1.1 with the fol-
lowing modifications:
1. Alterations that meet the criteria in Section G3.1.4(a) shall use the BPF from Table 4.2.1.1 multiplied
by 1.05.
2. All other alterations modeled following Section G3.3 shall use BPF = 1.

G3.1.4 Alterations. The simulation model for calculating the proposed building performance and base-
line building performance for alterations, excluding additions, shall be developed in accordance with the
applicable subparagraph (a) or (b).

a. Inaccordance with Section G3.2 for alterations that include replacement of two or more of the following:
1. HVAC systems that account for more than 50% of the capacity serving either the heating or cooling
loads of the alteration area. This includes HVAC unitary systems, HVAC terminal units, or compo-
nents of HVAC central heating or cooling equipment. HVAC terminal units, for the purposes of this
section, can include V4V boxes, fan-coil units, PRF room units, or water-loop heat pumps;
2. 50% or more of the /uminaires in the alteration area;
3. 25% or more of the building envelope area of the alteration portion of the building, including new
exterior cladding, fenestration, or insulation.
b. Inaccordance with Section G3.3 for all other alterations.

0.1 2022

New Rules for Accounting

for Thermal Bridging

(Table G3.1 #5, Proposed
Column)

5. Building Envelope

a.

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. All opaque building envelope compo-
nents shall be modeled accounting for thermal mass effects.

Exception: The following building elements are permitted to dif-

1.

fer from architectural drawings:
Each linear thermal bridge and point thermal bridge as iden-
tified in Section 5.5.5 shall be modeled using either of the fol-
lowing techniques:
a. A separate model of the assembly within the energy
simulation model.
b. Adjustment of the clear-field U-factor in accordance
with Section A10.2.

25



PRM Major Updates in 90.1 2022, Cont.

Addition of the Envelope

Backstop
(Section G1.2.1d)

d. For new buildings, one of the following is met:
1. The building envelope complies with Section 5.5, “Prescriptive Building Envelope Compliance Path.”
2. Using Section 5.6, “Building Envelope Trade-Off Compliance Option,” the proposed envelope per-
Jormance factor shall not exceed the base envelope performance factor by more than 15% in multi-
family residential, hotel/motel, and dormitory huilding area types. For all other huilding area types,
the limit shall be 7%. For buildings with both residential and nonresidential occupancies, the limit
shall be based on the area-weighted average of the gross conditioned floor area.

26



Minor PRM Updates in 90.1 2022

Added modeling requirements for above grade wall solar reflectance and emittance
(Table G3.1 #5)

Modified proposed infiltration rate to model if testing was not completed from 0.6
CFM/sf to 0.45 CFM/sf at 75 Pa (Table G3.1 #5)

Added baseline allowance for retail display lighting (Table G3.1 #6)

Improved the baseline HVAC system type selection procedure and rules (Section
G3.2.1)

Revised BPFs (Table 4.2.1.1)
Performance curves now prescribed for chillers
Addition of Appendix | for alternate metrics

27



90.1-2022 Appendix |

12. CHANGES TO SECTION 3

Informative Appendix

°
Replace references to “annual energy cost” with the reference to the selected metric in the definitions of
baseline building performance and proposed building performance.
13. CHANGES TO SECTION 4 °
a. Replace all references to “energy cost” in Section 4.2.1.1 with “site energy,” “source energy,” or “carbon
emissions,” as appropriate, throughout.
b. Replace all references to “Performance Cost Index” in Section 4.2.1.1 with “Performance Index (Site
Energy).”“P=cformance Index nergy),” or “Performance Index (Carbon Emissions),” as appro-
Table 13-1 Building Performance Factors (BPF), Site Energy °
| Climate Zone
Building Area Ty| Table 13-2 Building Performance Factors (BPF), Carbon Emission
Multifamily Climate Zone
Healthcare/hospity - Building Arca Type | | Table 13-3 Building Performance Factors (BPF), Source Energy
Hotel/motel ifami
Multifamily Climate Zone
Offic thospi
e Healtheare/hospital | { g iiging AreaType | 04 | o8 [ 14 [ 18 [ 2a [ 28 [ 3a [ 38 [ 3c [4a |48 [sc|sa|ss|sc|ea|en| 7 | 8
Restaurant Hotel/motel A n
Multifamily 070 | 0.69 | 0.72 [ 071 | 0.73 | 0.73 | 0.73 | 0.75 | 0.65 | 0.66 | 0.74 | 0.69 | 0.63 | 0.69 | 0.68 | 0.61 | 0.63 | 0.60 | 0.63
Retail .
Office Healtheare/hospital | 0.69 | 0.68 | 0.70 | 0.67 | 0.66 | 0.64 | 0.64 | 0.66 | 0.64 | 0.64 | 0.65 | 0.63 | 0.66 | 0.64 | 0.66 | 0.66 | 0.67 | 0.68 | 0.70
School Restaurant .
Hotel/motel 066 | 0.67 | 0.70 | 0.66 | 0.66 | 0.65 | 0.65 | 0.67 | 0.66 | 0.63 | 0.66 | 0.64 [ 0.62 | 0.64 | 0.64 | 0.61 | 0.62 | 059 | 0.58
Warehouse Retail
Office 054 | 054053052 052]052|050]054]048]|047]0.53]048 (049 | 052|049 | 048050045047
All others School
Restaurant 063|059 058057058054 038]056]054]059]057]057|0.61|0.60]059]|064]062]065]|0.68
Warehouse Retail 051|049 | 048 | 045|044 |043] 043|043 |044|043]043] 047|045 043|048 045]045]| 043|045
All others School 052 [057 | 057|056 [ 052 053] 053|050 051 |044]047] 049|046 | 047|047 | 045|043 | 044 | 045
Warchouse 026|026 022025021022 |025]021|018]028]023]0.25(0.34|0.28]025]037]032]034]037
All others 0.62 | 0.61 | 0.63 [ 0.60 | 0.55 | 0.52 | 0.54 | 053 | 0.56 | 0.54 | 0.53 | 0.56 | 0.54 | 0.54 | 0.57 | 0.55 | 0.55 | 0.55 | 0.56

Describes changes to the Standard for
using metrics other than energy cost,
including site energy, source energy, and
carbon emissions

Includes BPF tables for site energy,
carbon emissions, and source energy
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Impact of Fuel Sources and Other Metrics

Space Heating Example

Annual space heating gas energy consumption = 2,698 MMBtu

Optimized VAV (All Gas Space |REFSISREpyBos—-
Heating)

Annual space heating energy cost = 2,698 MMBtu * (10 therm/MMBtu) *
$0.70/therm = $18,886

Annual electricity space heating energy consumption = 544.8 MMBtu

VRF + VAV DOAS (A" Electric Electricity cost = $0.144/kWh
Space Heating)

Annual space heating energy cost = 544.8 MMBtu * 293 kWh/MMBtu * $0.144/kWh
= $22,986

29



Impact of Fuel Sources and Other Metrics
Space Heating and SWH School Whole Building Appendix G Example

Climate Zone
Building Type
Conditioned area
Above grade floors
Baseline SWH Fuel
New Construction?
Proposed HVAC
Baseline HVAC
Proposed SWH
Baseline Reg kWh
Baseline Total kWh
Baseline Reg Therm
Baseline Total Therm
Proposed kWh
Proposed Therm

VRF + VAV DOAS

(All Electric

4A
School
241,000
2
N. gas
Yes
All Electric HPs
VAV with reheat
Heat Pump
2,928,391
3,716,220
39,266
45,163
1,996,131
0

Optimized VAV (AII

4A
School
241,000
P
N. gas
Yes
All Gas VAV
VAV with reheat
Gas Fired SWH
2,928,391
3,716,220
39,266
45,163
1,765,826
32,523

35%

30%

25%

20%

15%

10%

5%

0%

Percent Improvement Beyond Code

33%

24%
21%
18%

i

S New York EIA 2019

L

Site Energy kBtu

h

GHG Ibs

H

Source Energy kBtu

B VRF + VAV DOAS (All Electric Space Heating)
W Optimized VAV (All Gas Space Heating)
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Impact of Fuel Sources and Other Metrics
Service Water Heating Example for Multifamily, 261,080 ft?

. . Annual SWH gas energy consumption = 5,383.8 MMBtu
Baseline — Gas-Fired Central Gt ot = il R i

Storage Water Heater

Annual SWH energy cost = 5,383.8 MMBtu * (10 therm/MMBtu) * $1.282/therm =
$69,020

Proposed — Central Electric Annual electricity SWH energy consumption = 3,337 MMBtu
Electricity cost = $0.182/kWh

Storage Water Heater (DeSIgn Annual SWH energy cost = 3,337 MMBtu * 293 kWh/MMBtu * $0.182/kWh =
also Includes Low Flow Fixtures) REiviELE

Proposed — Central Gas Annual gas SWH energy consumption = 3,512.6 MMBtu
. Gas cost = $1.282/therm
CondenSIng Water Heater Annual SWH energy cost = 3,512.6 MMBtu * (10 therm/MMBtu) * $1.282/therm =

(Includes Low Flow Fixtures) $45,032
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Impact of Fuel Sources and Other Metrics
Service Water Heating Example for Multifamily, 261,080 ft?

Climate Zone

Building Type Multlfamlly Multlfamlly Multlfamlly
Conditioned area 261,080 261,060 261,060
Above grade floors 25 25 25
Baseline SWH Fuel N. gas N. gas N. gas
New Construction? Yes Yes Yes
Proposed HVAC VRF VRF VRF
Baseline HVAC PTACs PTACs PTACs
Proposed SWH Electric Storage  Gas Fired SWH Electric Heat Pump
Baseline Reg kWh 1,270,487 1,270,487 1,270,487
Baseline Total kWh 1,743,935 1,743,935 1,743,935
Baseline Reg Therm 109,644 109,644 109,644
Baseline Total Therm 123,010 123,010 123,010
Proposed kWh 2,353,255 1,375,245 1,902,645
Proposed Therm 13,668 48,794 13,668

60%
50%
40%
30%
20%
10%
0%
-10%
-20%

Percent Improvement Beyond Code

50%

40% 39%

33% 3°%

ﬂ

29.5%
6%

m

Source Energy kBtu

24%

Site Energy kBtu GHG Ibs

-8%

M Electric Storage SWH B Gas Storage SWH W Heat Pump SWH

IlZ%
S Cost
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QUESTIONS

Olivia Brady (Karpman Consulting)
olivia@karpmanconsulting.net
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Pacific

Northwest Results Summary

NATIONAL LABORATORY

Annual Energy, Cost, or Emissions .
; Percentage Savings
National per Area

X’e'ghted 90.1-2019  90.1-2022  90.1-2022
verage 90.1-2004 90.1-2019  90.1-2022 vs. Vs. VS.
90.1-2004  90.1-2004  90.1-2019
Gross Energy : . :
KBHU/f-y1] 77.6 48 43.2 38.1% 44 .3% 10.0%
Net Energy 5 5 5
KBU/-yr] 77.6 48 41 .1 38.1% 47.0% 14.4%
Energy Cost E X .
($/fe-y] $1.95 $1.19 $1.01 39.0% 48.2% 15.1%
SHissons 12.27 7.52 6.39 38.7% 47.9% 15.0%

[tons/kft2-yr]



Special Consideration for NYStretch 2020 Envelope
Backstop (ECB and PRM)

Performance paths allow unlimited
“trade offs” between envelope and Lighting
systems with much shorter life such
as HVAC, lighting, or CHP

Once building is constructed,

envelope is difficult or impossible _

to retrofit

Based on a national survey, -100% -80% -60% -40% -20% 0% 20% 40% 60%
majority of projects that use Percent of Responders that Selected the Given System
modeling to comply with the

energy code trade off worse-than- B Worse than Code Better than Code

code envelope for better than code

lighting and HVAC
Envelope backstop requires projects to meet prescriptive envelope requirements OR use Envelope Trade-off

method (90.1 Appendix C) to demonstrate that the whole building energy cost penalty due to below-code
envelope does not exceed 15% for residential occupancies and 7% for other occupancies.
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