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Presenter
Presentation Notes
Provide an overview of the major requirements of the 90.1-2016 Standard that are of interest to engineers, designers, architects, contractors and policy makers. Understand the significant changes in the Envelope, Mechanical, Lighting Sections, and Performance Compliance Path sections of Standard 90.1-2016 versus the 2013 edition. Provide insights into appropriate application of the major new requirements. Receive a better understanding of the design changes needed to meet the new requirements. 



Code Adoption
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Major Changes 
in 

90.1-2016 & 2018 IECC
vs.

90.1-2013 & 2015 IECC
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Summary of Changes

ASHRAE 90.1-2016 : Total of 121 addenda
Major format changes for ease of use
New climate maps aligning with ASHRAE Standard 169
New performance-based compliance path
49 of the 121 addenda have energy impact

2018 IECC commercial: Total of 129 approved proposals
Section 4 (mechanical) completely reorganized
36 proposals increase energy efficiency, 3 major
10 proposals reduce energy efficiency, 2 major

Just the major changes today; not comprehensive
Each item: savings impact & codes
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Impact 90.1 IECC

$$  Not In

Presenter
Presentation Notes
Major 90.1 format changes include:1. 1 column format for easier readingExceptions separated, indented and set apart with a smaller font sizeDefined terms are Italicized Alternating coloring scheme for table rows2018 IECC major ImpactImproveCE166	(ASHRAE) Multiple zone controls & VAV requirement; adds dual max option.CE206	Revise LPDs.CE185	(DOE) Open office area lighting control.Rollback:CE158	Add more economizer zones to efficiency tradeoff, but at a much lower level than the ASHRAE tradeoff efficiency level.CE204	Increase track lighting allowance.



Climate Zone Map
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Aligns with new ASHRAE Standard 169-2013
Reflects global warming trends over the most recent 30 years
Adds new Climate Zone 0 (extremely hot)
Approximately 10% of US counties reassigned to a warmer climate zone

Energy use increase of 0.18% due to less stringent insulation/ERV requirements

Impact 90.1 IECC

+0.18%  Not In



Local Climate Zone Shift
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No change in climate zones for IECC (Use Left)

90.1-2013 & IECC 90.1-2016



Envelope

Fenestration
90.1-2016 includes a comprehensive 
update to the fenestration 
prescriptive requirements

U-factor reduced by as much as 22% 
in some climate zones
SHGC reduced by as much as 12%

IECC includes only SHGC reductions
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Impact 90.1 IECC

$$/$  Only SHGC



Envelope

Building Air Leakage
Whole building air leakage test optional for compliance
Air barrier design and installation verification required
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Impact 90.1 IECC

$$  Not In



Mechanical

Increased HVAC Equipment Efficiency Requirements
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Chillers Heat Pumps

Rooftop AC Units Cooling Towers

Dedicated Outdoor Air* Computer Room AC

Variable Refrigerant Flow

* Newly regulated equipment

Impact 90.1 IECC

$  Varies

Note: some items updated (water heaters, furnace, boiler, heat 
pump, air conditioner, PTAC, electric motors and transformers); 
however, some not updated (VRF, CRAC, cooling towers)



Mechanical

Add dual maximum requirement for VAV zones:

Impact 90.1 IECC

$$$ Already 

Single Maximum VAV Box Control
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Old single max has higher 
deadband airflow; more reheat 
Dual max reduces ventilation load 
in heating and reduces reheat 
energy use
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Mechanical

Hotel/Motel Guest Room Controls
Heating, cooling, & ventilation automatically reduced when 
unoccupied; applies when >50 guest rooms

Chilled Water Plant Metering
Large plants required to meter for electricity and efficiency

Impact 90.1 IECC

$  

Impact 90.1 IECC

$  Not In

12 www.affinityenergy.com

Presenter
Presentation Notes
A minimally compliant guest room control system using a room key is shown at leftA typical dashboard for a chiller plant is shown in the middle, although it does not include the kW/ton metric required by 90.1



Source: www.AutomatedLogic.com

Mechanical

Variable flow pumping
Variable speed drive required on smaller chilled water pumps 
(threshold reduction) and large heating pumps (new)

Configuration required 
Controls must be configured with required setpoints at time of 
inspection, not just “capable of”

Impact 90.1 IECC

$  

Impact 90.1 IECC

$  
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Service Water Heating

Runout pipe insulation
ASHRAE: first 8 feet branch after heat trace or recirculated pipe
All SWH pipe must be insulated in IECC

Reduced flow showerhead
Reduce flow from 2.5 to 2.0 gpm
ICC board has decided the plumbing code rules fixture flow

Impact 90.1 IECC

$  N/A

Impact 90.1 IECC

$$ Not In 
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Lighting

Reduced Lighting Power Allowance 
Primarily based on improved efficacy of LED lighting
Exterior lighting power reduced an average of 30%
Interior space-by-space reduced an average of 26%
Decorative & Retail display reduced ~25%

Impact 90.1 IECC

$$$  
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Lighting

Exterior lighting and parking garage lighting controls
Reduce power by 50% (was 30%) during unoccupied periods 
or after business hours
Some outdoor parking areas automatically reduce by at least 
50% as detected by occupancy sensors
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Impact 90.1 IECC

$$  Not In

Presenter
Presentation Notes
Required reduction in parking areas with shorter poles (24 ft or less) & > 78WLights automatically reduce by at least 50% as detected by occupancy sensors



Lighting

Open office areas now require occupancy sensors
Simple control of lighting fixtures by occupancy sensor
Advanced layered lighting control system
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Impact 90.1 IECC

$$$ Not In 

http://www.toddmion.com/wp-
content/uploads/2010/10/stain-street.jpg



Lighting

Daylighting control tradeoff
New buildings with ≤ 30% window-to-wall ratio
Trade off 40% reduction in LPD vs. ~30% daylight savings
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Impact 90.1 IECC

$ Not In 

Presenter
Presentation Notes
The typical daylighting control mock up shown uses ZigBee wireless sensors to communicate the lighting needs.FC indicates footcandles, a measurement of lighting level.



Added Efficiency Measures
Section 406 Added Efficiency measure choices expanded

Residential lamp efficacy for MF
Tested air barrier at 0.25 cfm/ sq ft
15% UA reduction
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Impact 90.1 IECC

N/A Not In 

Former choices
HVAC
LPD reduction
Renewable
Light Ctrl
DOAS
Hi Eff SWH

How five options 
compare (Office & 
Retail in climate 
zones 4C & 5B)



Both codes have prescriptive/performance paths
90.1-2016 Introduces a Third Path for Compliance
Appendix G requires a Performance Cost Index (PCI) 
specific to building type and climate zone

Stable and independent baseline set ~ 90.1-2004
Intent is that the stringency of the baseline doesn’t 
change (stable)
Clear rules about what systems and other prescriptive 
choices are in baseline (independent)

PCI target changes with each version of a code 
Each code edition has a required PCI for compliance
Beyond code programs can choose a PCI to meet their 
needs

New Compliance Path: Appendix G

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶 𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐼𝐼 (𝑃𝑃𝐶𝐶𝐼𝐼) =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑃𝑃𝐼𝐼 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝑃𝑃𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝐵𝐵𝑃𝑃𝐶𝐶𝑃𝑃𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝑃𝑃𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
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90.1 Appendix G - Single Ruleset for Many Purposes
90.1-2016 Introduces a Third Path for Compliance

New Compliance Path: Appendix G

21

Increases flexibility
Reduces modeling costs
Stability encourages 
creating software to 
automate performance 
modeling
Provides credit for good 
design practices that were 
previously not recognized 
for code compliance

Good HVAC systems 
Right sizing of HVAC
Optimized orientation
Thermal mass

Impact 90.1 IECC

N/A   via 90.1

Presenter
Presentation Notes
Provides increased flexibilitySaves time and money dedicated to energy modeling by allowing a single modeling approach to be used for multiple functionsEncourages the creation of tools that automate the simulation process as the market is increasedProvides credit for good design practices that were previously not recognized for code compliance



New Compliance Path: Appendix G
Clear modeling rules for baseline & proposed
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Targets for improvement by building type and climate zone (PCI)

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑃𝑃𝐶𝐶𝐶𝐶 𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐼𝐼 𝑃𝑃𝐶𝐶𝐼𝐼

=
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶𝑃𝑃𝐼𝐼 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝑃𝑃𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝐵𝐵𝑃𝑃𝐶𝐶𝑃𝑃𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝑃𝑃𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

Baseline building roughly 
equivalent to 90.1-2004



90.1-2016 Introduces a Third Path for Compliance
Provides increased flexibility
Saves time and money dedicated to energy 
modeling by allowing a single modeling approach to 
be used for multiple functions
Encourages the creation of tools that automate the 
simulation process as the market is increased
Provides credit for good design practices that were 
previously not recognized for code compliance

New Performance Path 
Summary
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Other Changes with Large Energy Savings

2018 IECC Changes
Reorganize fan sections; avoid dropped requirements on smaller fans
Limits temperature setpoints in conditioned vestibules
Shut-off damper clarification
DOAS ventilation air heating control limit to 60F when building is cooling
Clarify fan pressure drop for power limit
Changing one value in fan pressure drop table for power limit
Lowers variable fan threshold from 7.5 to 5 HP
Removes VAV ventilation optimization exception for exhaust ERV
Clarifies that parallel VAV fan box control shall minimize fan use
Occupancy sensor timeout reduction
Reduce retail extra lighting by 40%/25%
Reduce decorative extra lighting by 10% in lobbies & 25% elsewhere
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Other Changes with Large Energy Savings

90.1-2016 Changes (grey text is same change as IECC)
Increase stringency of fenestration orientation requirements

Limits temperature setpoints in conditioned vestibules

Ductwork insulation requirements increase

DOAS ventilation air heating control limit to 60F when building is cooling

If more than 135% or required 62.1 ventilation, ERV required

Lowers variable fan threshold from 7.5 to 5 HP

Removes VAV ventilation optimization exception for exhaust ERV

Broader application of transfer air requirements

Minimum cooling coil selection temperature difference; saves pumping

Clarifies that parallel VAV fan box control shall minimize fan use

25



Savings Potential
from 

Model Energy Codes
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Model Codes Historic Savings

27

Presenter
Presentation Notes
Savings from the energy codes are derived from DOE’s DeterminationSavings achieved through appliance standards are excluded to avoid double-countingSavings from other market forces are excluded in the code impact analysis



Energy Saving Analysis Method
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Develop 16 prototype building models in 
90.1 consensus process with EnergyPlus

Simulate the 16 buildings for 5 code 
editions in 17 climate zones

Generate minimally code-compliant models 
for 90.1-2004, 2007, 2010, 2013 and 2016 
editions

Assign new building construction 
weighting factor to each building in each 
climate zone

Calculate the national weighted energy 
use intensity and energy cost index

28



90.1-2016 Energy Savings
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Note: Determination results do not include appliance efficiency improvements.



Overall Results
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New commercial buildings meeting the requirements of Standard 90.1-
2016 that were analyzed in the Quantitative Analysis exhibit national 
savings of approximately (compared to Standard 90.1-2013): 

8.3 percent energy cost savings

7.9 percent source energy savings

6.8 percent site energy savings 



Energy Code Resources
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U.S. DOE:  BECP Resources

Compliance software
Technical support
Code notes
Publications
Resource guides
Training materials
www.energycodes.gov
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33 Building Energy Codes Program

www.energycodes.gov

COMcheck for code 
compliance forms

Help Desk available 
for specific code 
questions

Links to State 
resources

After selecting COMcheck choose either
Desktop download for Windows
COMcheck web online



COMcheck Compliance Methods

34 Building Energy Codes Program

Mandatory 
Provisions

(required for most 
compliance options)

Building System Compliance Options

Energy Code 
Compliance

Prescriptive 
Option

Energy Cost 
Budget & 

Appendix G: 
Performance 
Simulation

Trade Off 
Option

Envelope

HVAC

Lighting

SWH

Power

Other



CheckTools Current Use Scenario

35 Building Energy Codes Program

BECP Tools used only during “Demonstrate Compliance” Stage
COMcheck for 90.1-2016 now; for 2018 IECC in June 2018

• Collect Data 
• Prepare Input
• Check Compliance
• Generate Compliance 

Report

Demonstrate 
Compliance

• Review Software Input
• Check Compliance 

Results
• Review Mandatory 

Requirements

Plan Review
• Verify compliance of 

inspection checklist 
items

• Approve compliance

Field 
Inspection

Builder 
Architect 
Designer

Plan Reviewer Field Inspector

Paper/PDF

Paper/PDF



THANK YOU!

Building Energy Codes Program
www.energycodes.gov

BECP help desk
http://www.energycodes.gov/resource-center/help-desk

36 Building Energy Codes ProgramPNNL-SA-127540

http://www.energycodes.gov/
http://www.energycodes.gov/resource-center/help-desk


Discussion
& Questions

Reid.Hart@pnnl.gov
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