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Why ASHRAE for LEED?
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Why ASHRAE for LEED?

Category Energy & Atmosphere:

Fundamental (P) & Enhanced (C) Commissioning (up to 6 pts)  ASHRAE Guideline 0 & Guideline 1.1

Minimum (P) & Optimize (C) Energy Performance (up to 18 pts) ASHRAE std 90.1

Category Indoor Enviromental Quality:

Minimum (P) & Enhanced (C) Indoor Air Quality Performance (up to 2 pts) ASHRAE std 62.1

Thermal Comfort (C) (1pt) ASHRAE std 55
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ASHRAE 90.1

PURPOSE

To establish the minimum energy efficiency requirements of buildings, other than low-rise residential 
buildings*

Low-rise residential buildings: single-family, or multi-family structures of three stories and fewer -> ASHRAE 90.2

SCOPE:

• Set the minimum energy efficient requirements for design, construction and a plan for O+M

• Set the criteria for compliance
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ASHRAE 90.1 - Structure
Section 1: Purpose

Section 2: Scope

Section 3: Definitions, Abbreviations and Acronyms

Section 4: Administration and Enforcement

Section 5: Building Envelope

Section 6: Heating, Ventilating and Air Conditioning

Section 7: Service Water Heating

Section 8: Power

Section 9: Lighting

Section 10: Other Equipment

Section 11: Additional Efficiency Requirements

Section 12: Energy Cost Budget Method

Section 13: Normative References

* As of ASHRAE 90.1-2022
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ASHRAE 90.1 - Appendices
Appendix A: Rated R-value of insulation and assembly U-factor, C-Factor and F-factor determinations

Appendix B: Building Envelope Climate Criteria Retained for future use

Appendix C: Methodology for building envelope trade-off option in subsection 5.6

Appendix D: Climatic Data Retained for future use

Appendix E: Informative References

Appendix F: Addenda Description Information US DOE Minimum Energy Efficiency Requirements ….

Appendix G: Performance Rating Method

Appendix H: Additional Guidance for Verification, Testing and Commissioning

Appendix I: Using Other Metrics in Conjunction with Appendix G ……..

Appendix J: Sets of Performance Curves

Appendix K: Informative Figures – Thermal Bridges

Appendix L: Mechanical System Performance Rating Method

Appendix M: Addenda Description

*As of ASHRAE 90.1-2022
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ASHRAE 90.1 – Climate Data
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ASHRAE 90.1 - Compliance

Section x.4 Mandatory Requirements

Section x.5 
Prescriptive Path

Section 12 
Energy Cost Budget

Appendix G
Performance Rating

Section x.6 
Alternative Compliance

Section x.3 
Simplified/Alternative Approach

Section x.7 Submittals

Section x.8 Products/Equipment Efficiencies

Section x.9 Inspection & Verification
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Energy Cost Budget Method

𝐷𝑒𝑠𝑖𝑔𝑛 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 ≤ 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑠𝑡 𝐵𝑢𝑑𝑔𝑒𝑡 × 1 −
𝐸𝐶𝑟𝑒𝑞

1000
× 𝐴𝑎𝑑𝑗

*

Design Energy Cost: The annual energy cost calculated for the proposed design

Energy Cost Budget: The annual energy cost for the budget building design intended for use 
in determining minimum compliance with this standard

ECreq Energy credits required for the building (Section 11.5.1)

Aadj Adjustment factor if the project includes additions or alterations

*ASHRAE 90.1-2022
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Energy Cost Budget Method

Model requirements

• Minimum 1400 hours per year / 8760 hours per year

• Hourly variations (occupancy, lighting, HVAC operation etc)

• Thermal mass effects

• Ten or more thermal zones

• Part-load performance curves for mechanical equipment

• Capacity and efficiency correction curves for mechanical heating and cooling equipment

• Air-side economizers with integrated control

• Budget building design characteristics as per Section 11.2.5

*ASHRAE 90.1-2022
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Energy Cost Budget Method

Budget Building characteristics

• Space usage, schedules, HVAC zones:  same as proposed

• Building Envelope - Fenestrations: Specific characteristics

• Lighting: LPDs based on tables 9.5.1 and 9.6.1

• HVAC system: Type and characteristics based on building size

• Service hot-water systems: same as proposed with specific characteristics

• Other loads: same as proposed

• On-site renewable: Based on section 10.5.1

*ASHRAE 90.1-2022
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v4 v4.1 v4 Energy Update

Energy Simulation 
(90.1-2010 Appendix G)
5% NC – 3% MR – 2% CS

1-18 points

Energy Simulation 
(90.1-2016 Appendix G)

1-9 points Cost + 
1-9 points GHG

Energy Simulation 
(90.1-2010 Appendix G + 

On-site RES)
10% NC/MR – 8% CS

1-9 points Cost / Source + 
1-9 points GHGComply with AEGD 50%

(Mandatory & Prescriptive)
1-6 pts NC, 1-4 pts CS

Comply with 90.1/2010
(Mandatory & Prescriptive)

&

System Optimization
1-6 points

Comply with AEGD 50%
(Mandatory & Prescriptive)

1-6 pts NC, 1-4 pts CS

Requirements for LEED

Comply with 90.1/2010
(Mandatory & Prescriptive)
For projects ≤ 10.000sqm

No points
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Minimum Energy Performance – PREREQUISITE

• Comply with all mandatory requirements of ASHRAE 90.1-2010 (v4) ή 90.1-2016 
(v4.1)*, Appendices:

❑  5.4: Building Envelope

❑ 6.4: HVAC

❑ 7.4: Service Water Heating

❑ 8.4: Power

❑ 9.4: Lighting

❑ 10.4: Other equipment

*Alternative Compliance Path for Europe

Mandatory Requirement – LEED Prerequisite
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Section 5.4: Envelope

• Insulation complies with labeling and other requirements

• Fenestration: CE marking*

• Continuous Air Barrier

• Fenestration and Doors air leakage requirements

• Vestibules

Mandatory Requirement – LEED Prerequisite
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Envelope for 
3B Athens- 
3A Elliniko
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Section 6.4: HVAC

Minimum equipment efficiencies

Based on Ecodesign*

Calculations

Load and pump head calculations

Zone Thermostatic Control

• Per Zone

• Dead band 3°C

• Setpoint Overlap Restriction

• Automatic shutdown

• Setback (13-32°C)

• Optimum Start

• Zone Isolation

Mandatory Requirement – LEED Prerequisite
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Section 6.4: HVAC

Ventilation System Control
• Stair and shaft vents

• Shutoff dampers / Damper leakage

• Automatic Shutdown

• Garage ventilation with contaminant levels

Auxiliary Heat / Freeze protection / Humidifier Preheat
Automatic control for no operation if not required

Humidification and Dehumidification
Automatic control for no concurrent operation

Mandatory Requirement – LEED Prerequisite
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Section 6.4: HVAC

High-Occupancy Areas

Demand Control Ventilation (DCV) in rooms >50m² and occupancy > 40people/100m²

And served by systems with one or more of the following:

a. an air-side economizer,

b. automatic modulating control of the outdoor air damper,

or

c. a design outdoor airflow greater than 1400 L/s.

Variable-Air-Volume controls

AHUs & FCUs with fan motor >4kW and direct expansion units with cooling capacity > 32kW – Supply fans with two 
or variable speed motors

Direct Digital Controls (DDC)2

Required for specific applications (Air handling systems, Chilled/Hot-water plant and terminal units) 

Mandatory Requirement – LEED Prerequisite
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Section 6.4: HVAC

Chilled-water Plant Monitoring2

Monitor, record and report on energy consumption and performance

Economizer Fault Detection Diagnosis (FDD)2

In air-cooled direct expansion units with an economizer on the air side, FDD systems are required

Construction

• Air duct and plenum insulation based on ASHRAE 90.1 

• Pipe insulation according to EN ISO 12241*

Mandatory Requirement – LEED Prerequisite
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Duct Insulation
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Piping Insulation



03 OCTOBER 2024 LEED TRAINING 24

Economizers
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Heat Recovery
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Heat Recovery (2016)
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(Not only) Fans Power 
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Piping Design!
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Section 7.4: Service Water Heating

Calculations

Service water heating design loads

Equipment efficiency

Class C energy efficiency rating EU Regulation 814/2013 & 812/2013*

Insulation

DHW insulation based on KENAK* 

Controls

Temperature, Outlet temperature and circulating pump controls

Pools

Pool heaters ON/OFF, Poll covers, Time switches

Heat traps

Mandatory Requirement – LEED Prerequisite
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Section 8.4: Power

Voltage drop

Feeders 2%, Branch circuits 3%

Automatic Receptacle Control

Automatic control device for at least 50% of receptacles in 

• Private offices

• Open offices

• Computer classrooms

Mandatory Requirement – LEED Prerequisite
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Section 9.4: Lighting

Controls

Automatic shutoff 

Space control 

Parking Garage Lighting Control 

Automatic Daylight Controls for Primary Sidelighted Areas & Topligting 

Exterior Lighting Control

 Exempt if improvement of more than 10% than LPDs*

Exterior Lighting

Power allowance based on Table 9.4.3B

Functional Testing

Temperature, Outlet temperature and circulating pump controls

Mandatory Requirement – LEED Prerequisite
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Section 10.4: Other Equipment

Electric motors

Comply with rating class IE3 according to EU regulation 640/2009 or IEC 60034-30-1

Service water pressure booster systems

Pressure sensors to vary pump speed, no pressure reducers and no pump operation at no flow

Elevators

Requirements for lighting, ventilation and standby mode.

Escalators and Moving Walks2

Slow down to minimum speed when not conveying passengers

Whole-Building Energy Monitoring2

Measurement devices to monitor building use of energy with recording and reporting capabilities

Mandatory Requirement – LEED Prerequisite
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Energy Performance Updated v4
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Building
Gross Floor 
Area (m²)

Proposed
(kWh)

Baseline
(kWh) Savings

Score

(v4) (Updated v4)

Office building 
NC

2,200 139,329 262,681 46.96% 17 11

Multiuse space 
NC

2,400 87,287 197,459 55.79% 18 14

Logistic Center 
NC

9,700 30,623 339,394 90.98% 18 18

Office building 
C+S

5,500 251,622 377,790 33.40% 13 10

Energy Performance Updated v4
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Energy Simulation (Appendix G)

• Hourly step

• Full building model with internal partitions

• Technical specifications of all equipment (HVAC, 
ventilation, lighting, Service Water, RES)

• Characteristics of other process loads

• Operational data per zone/room (occupancy, 
lighting, fresh air)

• Monthly step

• Only building shell

• Basic characteristics of the main installation 
elements

• No process loads

• Operational data are taken by default based 
on the zone use

Energy Model vs KENAK



03 OCTOBER 2024 LEED TRAINING 36

Energy Simulation (Appendix G)

• 8760 hours per year

• Hourly variations (occupancy, lighting, HVAC operation etc)

• Thermal mass effects

• Ten or more thermal zones

• Part-load performance curves for mechanical equipment

• Capacity and efficiency correction curves for mechanical heating and cooling equipment

• Air-side economizers with integrated control

• Baseline building design characteristics as per Appendix G3

Simulation Program Requirements
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Energy Simulation (Appendix G)

Performance rating

Percentage improvement = 100 ×
Baseline building performance − Proposed building performance

Baseline building performance

Performance Cost Index =
Proposed building performance

Baseline building performance

90.1/2010

90.1/2016
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Energy Simulation (Appendix G)

Baseline Building characteristics

• Space usage, schedules, HVAC zones:  same as proposed

• Orientation: Average for 4 orientations (actual and plus 90°, 180° and 270°)

• Building Envelope: Specific characteristics

• Vertical fenestration ≤ 40% gross above-grade wall area / Per building type (Table G3.1.1-1)

• Skylights ≤ 5% gross roof area / ≤ 3% gross roof area

• HVAC system: Type and characteristics based on building size

• Lighting and service hot-water systems: as per Appendixs 7.4 and 9.4 / Specific 
characteristics

• Other loads: same as proposed

*ASHRAE 90.1-2022
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Energy Simulation (Appendix G)

HVAC Baseline System Types

ASHRAE 90.1-2022
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Energy Simulation (Appendix G)

HVAC Baseline System Descriptions

ASHRAE 90.1-2022
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Minimum 
Requirements 
for Heat Pumps

COP is not calculated with the fan motor loses 
nor the heat gains of the motor to the system!
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Economizers
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Fan Power
• System fan electrical power for supply, return, 

exhaust, and relief (excluding power to fan-
powered VAV boxes) shall be calculated using the 
following formulas:

•  For Systems 1 and 2, Pfan = CFMs × 0.3

•  For Systems 3 through 8 

Fan Motor Efficiency = the efficiency from Table 
10.8B for the next motor size greater than the input 
kW using a totally enclosed fan cooled motor at 1800 
rpm.
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Fan Part 
Load for VAV
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Fan Part 
Load for VAV

Parichehr et al, Comparison of actual supply air fan performance data to ashrae 90.1 standard-2010 and doe commercial 
reference buildings part load fan energy use formula, 2014 ASHRAE/IBPSA-USA Building Simulation Conference
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Infiltration

2010

version is std

2016

version is to be 
calculated



LEED V5
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LEED v5

Registration
1/1/2028

ASHRAE Standard 90.1/2019 ASHRAE Standard 90.1/2022



Michael Tillou, PNNL – The transition to Performance Based Codes, 2023 National Energy Codes Conference



03 OCTOBER 2024 LEED TRAINING 50

LEED v5

AND….
ASHRAE Standard 90.1 as option for Fundamental Commissioning

ASHRAE Standard 202-2018 for enhanced Commissioning

ASHRAE Standard 62.1-2022 for Fundamental and Enhanced Air Quality

ASHRAE Standard 55-2023 for Occupant Experience

ASHRAE Guideline 44 (Protecting Occupants from Smoke during Wildfires and Prescribed Burn Events) 
and ASHRAE Standard 241-2023 (Control of Infectious Aerosols) for Resilient Spaces



NAME: George Pantelidis EMAIL: gpant@zeb.gr
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