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Karpman Consulting, LLC

Woman-owned engineering firm founded in 2005 which specializes in 
projects related to building science, energy conservation and energy 
modeling analysis.

Type of projects:

• Energy Code Development & Research

• Education & Training https://karpmanconsulting.net/trainings

• Design & Implementation of Building Energy Efficiency Programs (ex. NJ 
Pay for Performance)

• Energy Modeling
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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

• Identify key updates in ASHRAE 90.1 Appendix G from the 
2019 to the 2022 version

• Evaluate how alternative metrics can influence compliance 
results
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How it All Started

• 1960s – 1970s: the beginning of computer use 
for HVAC design

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

• ASHRAE Standard 90-75 “Energy Conservation 
in New Building Design”
✓Prescriptive criteria for the envelope, lighting, HVAC, 

and water heating systems

✓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.
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Organization of ASHRAE Standard 90.1

1. Purpose
2. Scope
3. Definitions, Abbreviations and Acronyms
4. Administration and Enforcement
5. Building Envelope
6. Heating, Ventilating and Air Conditioning
7. Service Water Heating
8. Power
9. Lighting
10. Other Equipment
11. Additional Efficiency Requirements
12. Energy Cost Budget Method
13. Normative References
Normative Appendices A, C, J, L
Normative Appendix G: Performance Rating Method
Informative Appendices B, D, E, F, H, I, K
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Compliance Options: Prescriptive Path

Section 5: 
Building 
Envelope 

Mandatory + 
Prescriptive 

Requirements

Section 6: 
HVAC 

Mandatory + 
Prescriptive 

Requirements

Section 7: 
Service Water 

Heating

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
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Comply with 
Mandatory 
Provisions

Section 5.4: Building Envelope 

Section 6.4: HVAC

Section 7.4: Service Water Heating

Section 8.4: Power

Section 9.4: Lighting

Section 10.4: Other Equipment 

Trade-Off 
Prescriptive 
Provisions

Section 12:  Energy 
Cost Budget Method

OR

Appendix G: 
Performance Rating 

Method

Compliance Options: Performance Path
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Proposed design: based on 
design documents

Reference design: virtual 
building used to evaluate 
proposed design

Simulation
Tool

Simulation
Tool

General Concept of Performance-based 
Compliance with 90.1
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What is Energy Modeling?
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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
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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. 
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Key Differences between PRM and ECB 

Performance Rating Method Energy Cost Budget Method

Systems and components of the baseline design 
depend on project occupancy type and location but 
are otherwise largely independent of the proposed 
design 

Budget design has the same types of systems as the 
proposed design
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Key Differences between PRM and ECB 

Performance Rating Method Energy Cost Budget Method

Systems and components of the baseline design 
depend on project occupancy type and location but 
are otherwise largely independent of the proposed 
design 

Budget design has the same types of systems as the 
proposed design

Baseline design has efficiency levels approximately 
aligned with 90.1 2004

Budget design is minimally compliant with 
prescriptive requirements of 90.1 2022
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Key Differences between PRM and ECB 

Performance Rating Method Energy Cost Budget Method

Systems and components of the baseline design 
depend on project occupancy type and location but 
are otherwise largely independent of the proposed 
design 

Budget design has the same types of systems as the 
proposed design

Baseline design has efficiency levels approximately 
aligned with 90.1 2004

Budget design is minimally compliant with 
prescriptive requirements of 90.1 2022

Project complies if the annual energy cost of the 
proposed design is below the baseline energy cost 
by a set margin. 

Project complies if the annual energy cost of the 
proposed design does not exceed the energy cost 
budget.
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Key Differences between PRM and ECB 

Performance Rating Method Energy Cost Budget Method

Systems and components of the baseline design 
depend on project occupancy type and location but 
are otherwise largely independent of the proposed 
design 

Budget design has the same types of systems as the 
proposed design

Baseline design has efficiency levels approximately 
aligned with 90.1 2004

Budget design is minimally compliant with 
prescriptive requirements of 90.1 2022

Project complies if the annual energy cost of the 
proposed design is below the baseline energy cost 
by a set margin. 

Project complies if the annual energy cost of the 
proposed design does not exceed the energy cost 
budget.

More opportunities for performance credit - e.g., for 
specifying more efficient HVAC system type, low flow 
plumbing fixtures, etc. 

Fewer opportunities for performance credit – e.g., 
limited credit for specifying more efficient system 
type, no credit for energy efficient refrigeration 
systems, exterior lighting, fan systems, etc. 
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Key Differences between PRM and ECB 

Performance Rating Method Energy Cost Budget Method

Systems and components of the baseline design 
depend on project occupancy type and location but 
are otherwise largely independent of the proposed 
design 

Budget design has the same types of systems as the 
proposed design

Baseline design has efficiency levels approximately 
aligned with 90.1 2004

Budget design is minimally compliant with 
prescriptive requirements of 90.1 2022

Project complies if the annual energy cost of the 
proposed design is below the baseline energy cost 
by a set margin. 

Project complies if the annual energy cost of the 
proposed design does not exceed the energy cost 
budget.

More opportunities for performance credit - e.g., for 
specifying more efficient HVAC system type, low flow 
plumbing fixtures, etc. 

Fewer opportunities for performance credit – e.g., 
limited credit for specifying more efficient system 
type, no credit for energy efficient refrigeration 
systems, exterior lighting, fan systems, etc. 

May be used to document the minimum code 
compliance and beyond code performance

May be used only to document the minimum code 
compliance
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• Introduced in 90.1 2004

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

✓ Simplifies modeling and submittal reviews 

✓ 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 

PRM History and Evolution
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Performance Cost Index

Performance of the proposed design relative 
to the baseline is expressed as Performance 
Cost Index (PCI)

 𝑃𝐶𝐼 =
𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡
 

Project meets code if the PCI is less than or 
equal to the Performance Cost Index Target 
(PCIT) 

                   PCI ≤ PCIT

Baseline (~90.1 2004)

Zero Net Energy
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Performance Cost Index Target

𝑃𝐶𝐼𝑡 =
𝐵𝐵𝑈𝐸𝐶 + 𝐵𝑃𝐹 · 𝐵𝐵𝑅𝐸𝐶 −𝑃𝑅𝐸

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**)
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Unregulated Energy Cost

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.

𝑃𝐶𝐼𝑡 =
𝑩𝑩𝑼𝑬𝑪 + 𝐵𝑃𝐹 · 𝐵𝐵𝑅𝐸𝐶 − 𝑃𝑅𝐸

𝐵𝐵𝑃
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Regulated Energy Cost

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

𝑃𝐶𝐼𝑡 =
𝐵𝐵𝑈𝐸𝐶 + 𝐵𝑃𝐹 · 𝑩𝑩𝑹𝑬𝑪 −𝑃𝑅𝐸

𝐵𝐵𝑃

21



Building Performance Factor

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

𝑃𝐶𝐼𝑡 =
𝐵𝐵𝑈𝐸𝐶 + 𝑩𝑷𝑭 · 𝐵𝐵𝑅𝐸𝐶 − 𝑃𝑅𝐸

𝐵𝐵𝑃
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Building Performance Factor

Office, CZ 5A Multifamily, CZ 4A School, CZ 6A
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Prescriptive Renewable

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.

𝑃𝐶𝐼𝑡 =
𝐵𝐵𝑈𝐸𝐶 + 𝐵𝑃𝐹 · 𝐵𝐵𝑅𝐸𝐶 −𝑷𝑹𝑬

𝐵𝐵𝑃
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PRM Major Updates in 90.1 2022

Accounting for Prescriptive 
Renewables 

(Section 4.2.1.1)

New Rules for Alterations 
(Section 4.2.1.3)

Added Completely New 
Modeling Rules for Minor 

Alterations

New Rules for Accounting 
for Thermal Bridging 

(Table G3.1 #5, Proposed 
Column)
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PRM Major Updates in 90.1 2022, Cont.

Addition of the Envelope 
Backstop 

(Section G1.2.1d)
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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 I for alternate metrics
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90.1-2022 Appendix I

• Informative Appendix

• 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

Gas cost = $0.70/therm

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

Optimized VAV (All Gas Space 
Heating)

Annual electricity space heating energy consumption = 544.8 MMBtu

Electricity cost = $0.144/kWh

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

VRF + VAV DOAS (All Electric 
Space Heating)
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Space Heating and SWH School Whole Building Appendix G Example

Project

VRF + VAV DOAS 
(All Electric 

Space Heating)
Optimized VAV (All 
Gas Space Heating)

Climate Zone 4A 4A
Building Type School School
Conditioned area 241,000 241,000
Above grade floors 2 2
Baseline SWH Fuel N. gas N. gas
New Construction? Yes Yes
Proposed HVAC All Electric HPs All Gas VAV
Baseline HVAC VAV with reheat VAV with reheat
Proposed SWH Heat Pump Gas Fired SWH
Baseline Reg kWh 2,928,391 2,928,391
Baseline Total kWh 3,716,220 3,716,220
Baseline Reg Therm 39,266 39,266
Baseline Total Therm 45,163 45,163
Proposed kWh 1,996,131 1,765,826
Proposed Therm 0 32,523

Impact of Fuel Sources and Other Metrics
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Annual SWH gas energy consumption = 5,383.8 MMBtu
Gas cost = $1.282/therm
Annual SWH energy cost = 5,383.8 MMBtu * (10 therm/MMBtu) * $1.282/therm = 
$69,020

Baseline – Gas-Fired Central 
Storage Water Heater

Annual electricity SWH energy consumption = 3,337 MMBtu
Electricity cost = $0.182/kWh
Annual SWH energy cost = 3,337 MMBtu * 293 kWh/MMBtu * $0.182/kWh = 
$177,949

Proposed – Central Electric 
Storage Water Heater (Design 

also Includes Low Flow Fixtures)

Service Water Heating Example for Multifamily, 261,080 ft2

Annual gas SWH energy consumption = 3,512.6 MMBtu
Gas cost = $1.282/therm
Annual SWH energy cost = 3,512.6 MMBtu * (10 therm/MMBtu) * $1.282/therm = 
$45,032

Proposed – Central Gas 
Condensing Water Heater 

(Includes Low Flow Fixtures)

Impact of Fuel Sources and Other Metrics
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Service Water Heating Example for Multifamily, 261,080 ft2

Project
Electric Storage 

SWH
Gas Storage 

SWH Heat Pump SWH
Climate Zone 4A 4A 4A
Building Type Multifamily Multifamily Multifamily
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

Impact of Fuel Sources and Other Metrics
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Olivia Brady (Karpman Consulting)
olivia@karpmanconsulting.net

QUESTIONS
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• Performance paths allow unlimited 
“trade offs” between envelope and 
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, 
majority of projects that use 
modeling to comply with the 
energy code trade off worse-than-
code envelope for better than code 
lighting and HVAC

35

-100% -80% -60% -40% -20% 0% 20% 40% 60%

Envelope

HVAC

Lighting

Percent of Responders that Selected the Given System

Worse than Code Better than Code

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

• 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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