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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. 
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Summary of Changes

» ASHRAE 90.1-2016 : Total of 121 addenda

B Major format changes for ease of use

B New climate maps aligning with ASHRAE Standard 169
B New performance-based compliance path

M 49 of the 121 addenda have energy impact

» 2018 IECC commercial: Total of 129 approved proposals

M Section 4 (mechanical) completely reorganized
M 36 proposals increase energy efficiency, 3 major
B 10 proposals reduce energy efficiency, 2 major

» Just the major changes today; not comprehensive

» Each item: savings impact & codes m

Not In



Presenter
Presentation Notes
Major 90.1 format changes include:
1. 1 column format for easier reading
Exceptions separated, indented and set apart with a smaller font size
Defined terms are Italicized 
Alternating coloring scheme for table rows
2018 IECC major Impact
Improve
CE166	(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.
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» Aligns with new ASHRAE Standard 169-2013

B Reflects global warming trends over the most recent 30 years

B Adds new Climate Zone 0 (extremely hot)

B Approximately 10% of US counties reassigned to a warmer climate zone

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

““mT_ . “ - : 90.1 IECC

- +0.18% v Not In
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» No change in climate zones for IECC (Use Left)

90.1-2013 & IECC 90.1-2016
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Envelope

» Fenestration

M 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%
M IECC includes only SHGC reductions

Simpact | s01 | ke

SS/S v Only SHGC
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Window Technologies

Energy-efficient window technologies are available to
produce windows with the U-factor, SHGC, and VT

properties needed for any application.

Low-E and/or

Gas fill

Double panes

Sazh
sill

Apron/flange

solar control coating

Weatharstripping

Stop
Stool

Backer rod
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Envelope
» Building Air Leakage

B Whole building air leakage test optional for compliance

M Air barrier design and installation verification required

Cimpact |50 | lecc

~ SS v Not In
Vinyl or N Furring strip
fiber cement siding R-7.5 XPS rigid foam insulation
%" air gap w/ unsealed joints and edges
/ Air barrier (placement varies with type)
’ } / 3 . Exterior sheathmg
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- Perimeter frame

Wood or steel studs
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» Increased HVAC Equipment Efficiency Requirements

Chillers Heat Pumps Computer Room AC Dedlcated Outdoor Air*

eSS

INDOOR UNITS ‘2;"“
— < g

CONDENSER UNIT

Rooftop AC Units Coollng Towers Variable Refrigerant Flow
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) Varies

* Newly regulated equipment v
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» Add dual maximum requirement for VAV zones:

100% -
90% +
80% 7
70% A
60% -
50% +
40% +
30% 7
20% ~
10% ~

0% -

Single Maximum VAV Box Control

[ Reheat
=/=Heat Valve
=O==Airflow

M Old single max has higher
deadband airflow; more reheat

B Dual max reduces ventilation load
in heating and reduces reheat
energy use

Heating Deadband Cooling

impact | 901 | tecc JIECS

Dual Maximum VAV Box Control

100%
90%
80% -
70%

SSS Already v 40% 1

30% -
20% A
10% -
0% -

= Reheat
a=0me A\jrflOw
ewsHeat Valve

11

Heating Deadband Cooling
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		Load		Airflow		Heat Valve		Reheat

		-10		0.5		1		1

		-7.5		0.35		0.75		0.6

		-5		0.2		0.5		0.2

		-2.5		0.2		0		0

		0		0.2		0		0

		2.5		0.2		0		0

		5		0.6		0		0

		10		1		0		0

		Load		Airflow		Heat Valve		Reheat

		-10		0.3		1		1

		-7.5		0.3		0.66		0.85

		-5		0.3		0.33		0.55

		-2.5		0.3		0		0

		0		0.3		0		0

		2.5		0.3		0		0

		5		0.65		0		0

		10		1		0		0
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Heating       Deadband       Cooling

Heating airflow increases only when box discharge temperature is 14oF above heating setpoint

Airflow

Heat Valve

Reheat

Dual Maximum VAV Box Control
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Cimpoct | 0.1 | lEcc

» Hotel/Motel Guest Room Controls $ v 7

B Heating, cooling, & ventilation automatically reduced when
unoccupied; applies when >50 guest rooms

| Impact | 901 | IECC
» Chilled Water Plant Metering S v Not In
M Large plants required to meter for electricity and efficiency

COP History

Current COP

36"\

CHILLER EFFICIENCY (KW/TON)

CHILLER1 CHILLER 2 CHILLER 3 CHILLER 4 CHILLER 5 CHILLER & CHILLER7

12 www.affinityenergy.com



Presenter
Presentation Notes
A minimally compliant guest room control system using a room key is shown at left
A typical dashboard for a chiller plant is shown in the middle, although it does not include the kW/ton metric required by 90.1
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Mot | 501 | tecC

» Variable flow pumping $ v v

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

Cimpoct | 0.1 | lEcc

» Configuration required S v v

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

‘ _d.00 _4.60 __

3-Way Control demz -
L Valve For
Secondary Circuit

Terminal/
Unit

H

LR L -
‘ accupisd menly
|

-
Second
p J Bui ALy | _—Common Flow
ik % B | i £6.06 76.06 76.00 55.00
B C ‘Balance Cock D E heating setpt cooling setpt

| Boiler
or { M -—
L chiller "@ 13
A S— "Primary Pump
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Service Water Heating Pacic Northwest
Simpact | 903 | Iecc
» Runout pipe insulation $ v N/A

B ASHRAE: first 8 feet branch after heat trace or recirculated pipe
M All SWH pipe must be insulated in I[ECC
» Reduced flow showerhead | Impact |
B Reduce flow from 2.5 to 2.0 gpm $S

&

WaterSense
2013 BN
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Mimpact | 903 | IECC.

» Reduced Lighting Power Allowance ~ % z v
B Primarily based on improved efficacy of LED lighting

M Exterior lighting power reduced an average of 30%
M Interior space-by-space reduced an average of 26%
M Decorative & Retail display reduced ~25%
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» Exterior lighting and parking garage lighting controls

B Reduce power by 50% (was 30%) during unoccupied periods
or after business hours

B Some outdoor parking areas automatically reduce by at least

50% as detected by occupancy sensors m

Not In

16


Presenter
Presentation Notes
Required reduction in parking areas with shorter poles (24 ft or less) & > 78W
Lights automatically reduce by at least 50% as detected by occupancy sensors
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» Open office areas now require occupancy sensors
M Simple control of lighting fixtures by occupancy sensor

50-70% Total Savings with
Integrated Strategies

Cimpact | 01 | licc

SSS Not In v 17



L | g h t N g Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

Cimpoct | 0.1 | IEcc

» Daylighting control tradeoff $ Not In v
B New buildings with £ 30% window-to-wall ratio

M Trade off 40% reduction in LPD vs. ~30% daylight savings

ZigBee ZigBee ZigBee
.. b Y
Daylighting® = ™, .° Daylighting ° Dayl
sensor b : sensor S
20% ¢ 30% [ a0%
Window ; ! :
Daylight ; i

ZigBee ;'E; liahti
/ Daylightin
EIFCY.F_.—: A

i | sensor l‘:_‘ ?T Ff;ﬁ::: iy
! o
| 20 FC ‘ = e



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.


o

Added Efficiency Measures Pecilc MRSt
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» Section 406 Added Efficiency measure choices expanded

M Residential lamp efficacy for MF
B Tested air barrier at 0.25 cfm/ sq ft m

M 15% UA reduction N/A Notin
» Former choices Variation in Building Cost Savings for Options
. HV AC 0.00% 1.00% 2.00% 3.00% 4.00% 5.00% 6.00%
B LPD reduction .2 HVAC efficiency —
§l Renewable ——
M Light Ctrl S Reduced LPD
M DOAS srenewapepy "
M Hi Eff SWH
» How five options SReducedua M
compare (Office &
Retail in climate Sreduced infaton |
zones 4C & 5B)

W Office 4C  m Office 5B Retail 4C Retail 5B 19



New Compliance Path: Appendix G
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» Both codes have prescriptive/performance paths
B 90.1-2016 Introduces a Third Path for Compliance

B Appendix G requires a Performance Cost Index (PCI)
specific to building type and climate zone

1.0

Proposed Building Performance 75

Performance Cost Index (PCI) =

Baseline Building Performance

» Stable and independent baseline set ~ 90.1-2004

B Intent is that the stringency of the baseline doesn't 0.50
change (stable)

Bl Clear rules about what systems and other prescriptive
choices are in baseline (independent)

» PCI target changes with each version of a code 025
B Each code edition has a required PCI for compliance

M Beyond code programs can choose a PCI to meet their
- needs

Baseline
90.1-2004

€—189.1-2017

(estimate)

Future Codes

l

Net Zero
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New Compliance Path: Appendix G refishertes,
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» 90.1 Appendix G - Single Ruleset for Many Purposes
» 90.1-2016 Introduces a Third Path for Compliance

impact | 901] IEcc

N/A v v'via90.1

M Increases flexibility

.y B Reduces modeling costs

| ,-" B Stability encourages
" creating software to

automate performance
modeling

M 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

Federal
Tax
Incentives |

Energy Code -
Compliance £ N il
forallStates - & 4

Federal
Buildings

¢ |74 A N4 N4 N4 N4 NN NN N N N N VA Wl
1 T TN TN VAR 7R VAR VAN ZAN 7 7 PN AN 2

21


Presenter
Presentation Notes
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 Compliance Path: Appendix G

» Clear modeling rules for baseline & proposed

Table G3.1 Modeling Requirements for Calculating Proposed and Baseline Building Performance (Continued)

m Proposed Building Performance Baseline Building Performance

4. Schedule

Schedules capable of modeling hourly variations in occupancy,
lighting power, miscellaneous equipment power, thermostat
set points, and HVAC system operation shall be used. The
schedules shall be typical of the proposed building type as
determined by the designer and approved by the rating
authorily.

Temperature and Humidity Schedules. Temperature and
humidity control set points and schedules as well as
temperature control throttling range shall be the same for
proposed design and baseline building design.

HVAC Fan Schedules. Schedules for HVAC fans that provide
outdoor air for ventilation shall run continuously whenever

e e ot mime] mmel Alall b msalasl AR sl AT b a b

Same as proposed design.
Exceptions:

1. Set points and schedules for HVAC systems that
automatically provide occupant thermal comfort via
means other than directly controlling the air dry-bulb
and wet-bulb temperature may be allowed to differ,
provided that equivalent levels of occupant thermal
comfort are demonstrated via the methodology in
ASHRAE Standard 55, Section 5.3.3, “Elevated Air
Speed,” or Standard 55, Appendix B, “Computer Pro-
gram for Calculation of PMV-PPD.”

Schedules may be allowed to differ between proposed
design and baseline building design when necessary

tm manadAl nAanatanAdardd Aaffinianar maaaciiras memaricdad
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Table G3.1.2.6 Climate Conditions under which Economizers are
Included for Comfort Cooling for Baseline Systems 3 through 8
and 11,12, and 13

0A, OB, 1A, 1B, 2A, 3A, 4A NR
Others Economizer Included

Note: NR means that there is no conditioned building floor area for which economizers are
included for the type of zone and climate.

Table G3.5.1 Performance Rating Method Alr Conditionars

Heating Section | Subcategory or
Equipment Type Size Category Type Rating Condition | Minimum Efficiency
Alr conditionars, <65,000 Btuh Al Single-package 9.7 SEER
ERECa 65,000 Biwh and Split-systemand  10.1 EER
<135,000 Biuh single-package

=135,000 Btwh and
<240,000 Biwh

9.5 EER

» Targets for improvement by building type and climate zone (PCI)

Per formance Cost Index (PCI)

_ Proposed Building Performance

" Baseline Building Performance

Baseline building roughly
equivalent to 90.1-2004

Table 4.2.1.1 Building Performance Factor (BPF)

Climate Zone

0A | 0B
Building and | and
Area Type®? | 1A | 1B
Multifamily 073 073 071 069 074 073 068 0.78
Healthcare/ 064 056 060 056 060 056 054 057
hospital
Hotel/motel 0.64 0.65 0.62 060 063 065 064 0.62
Office 058 062 057 062 060 064 054 058
Restaurant 0.62 062 058 061 060 0.60 0.61 0.58
Retail 052 058 053 058 054 062 0.60 0.55
School 046 053 047 053 049 052 0.50 0.49
Warehouse 051 052 056 058 057 059 063 0.58
All others 0.62 061 055 057 056 0.61 059 0.58

0.81 081 076 080 081 076 079 074 0.80

053 055 059 052 055 057 052 056 0.56

0.64 062 060 061 060 059 061 057 0.58

060 058 060 061 058 0.61 061 057 061

055 060 062 058 060 0.63 060 065 0.68

0.60 060 055 059 061 055 058 053 0.53

0.50 049 050 050 050 049 050 047 0.51

0.60 063 060 061 065 066 066 067 0.67

0.57 061 057 057 061 056 056 053 0.52

22

a. In cases where both a general building area type and a specific building area type are listed, the specific building area type shall apply



New Performance Path 7
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Summary

» 90.1-2016 Introduces a Third Path for Compliance
M Provides increased flexibility

B Saves time and money dedicated to energy
modeling by allowing a single modeling approach to
be used for multiple functions

B Encourages the creation of tools that automate the
simulation process as the market is increased

M Provides credit for good design practices that were
previously not recognized for code compliance

23
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Other Changes with Large Energy Savings Paci e
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» 2018 IECC Changes

B 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

24
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Other Changes with Large Energy Savings Paci e
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» 90.1-2016 Changes (grey text is same change as IECC)
B Increase stringency of fenestration orientation requirements

Limits temperature setpoints in conditioned vestibules

Ductwork insulation requirements increase

DOAS ventilation air heating controlimit to 60F when building is cooling
If more than 135% or requireds2.1 ventilation, ERV required

Lowers variable fan threshold from 7.5to 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 fanse

25
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Improvements in ASHRAE Standard 90.1 (Year 1975-2016)

8 ASHRAE 90-1975  ASHRAE %04 -1980
L |
% 80 ASHAAE 90.1-1089 .
[Ty ASHRAE ASHRAE
E 90.1-1999 90.1-20001 | I
:I_ ASHRAE ]
(T] 00.1-2004 ASHRAE
] %
2 w0 a0.1- 2007
=
E 90.1-2010 ASHAAE
L 90.1-2013  ASHRAE
'E a0 00.1-2016
E
-
(]
< 2

1]

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year Source: Pacific Northwest National Laboratary
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Presentation Notes
Savings from the energy codes are derived from DOE’s Determination
Savings achieved through appliance standards are excluded to avoid double-counting
Savings from other market forces are excluded in the code impact analysis
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Energy Saving Analysis Method i
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( )

Develop 16 prototype building models in
90.1 consensus process with EnergyPlus
‘ J b

Generate minimally code-compliant models
for 90.1-2004, 2007, 2010, 2013 and 2016
editions
. . . v )
Simulate the 16 buildings for 5 code
editions in 17 climate zones _L
Assign new building construction NS

weighting factor to each building in each

climate zone |
f g

Calculate the national weighted energy
use intensity and energy cost index

. J

28




90.1-2016 Energy Savings e et
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Percentage Savings by Building Type for 90.1-2016 vs 90.1-2013

0.0% 5.0% 10.0% 15.0% 20.0% 25.0%

Small Office _
Medium Office _ m Site EUI
Large Office __ mSource EUI
Standalone Retail _— ECl
Stripmall Retai | e
Primary Schoo! e
Secondary School _—
Outpatient Healthcare _

Hospital :  EUI =Energy Use Index

Small Hotel e e . ECI=Energy Cost Index
Large Hotel .

T e ——— —

Quick Service Restaurant i
Full Service Restaurant [ —
Mid-Rise Apartment I ———
High-Rise Apartment ——
Weighted National Average _

Note: Determination results do not include appliance efficiency improvements.
29
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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):

M 8.3 percent energy cost savings
M 7.9 percent source energy savings

M 6.8 percent site energy savings

30
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U.S. DOE: BECP Resources
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vvvyvVvyyvyy

ERERGY o

DUEDHG
TECHROLOGIES
PO

Compliance software

{2 COMcheck-Web - 90.1 (2013) Standard - Internet Explorer

ﬁl‘/ COMcheck-Web"

‘ | g New Project ‘

Project title

90.1 (2013) Standard

PROJECT

ENVELOPE INT. LIGHTING EXT. LIGHTING MECHANICAL

Row: [ o Edit | [ (= Duplicate | [ § Movep | [ | Move Down | [ X Delete |

(=8 EoR =5

Reaister (@ | Forgorten Password?

REQUIREMENTS

[ repors | -] [@]

- Add: [ Roof ] [ Skylight ] [ Ext. Wall ] [ Int. Wall l [ Window ] [ Daor ] [ Basemen it l [ Floor l
I eCI ll llcal Support Cavity Continuous
Component Assembly Orientation Building Area Type Fenestration Details Construction Details. CrossArea  Insulation Insulation U-Factor
R-Value R-Value
1 Roof Insulation Entirely Above Deck 1 - Retail ( Nonresidential. 10000 f* 38 0.026
‘ Od e n Otes 2 ExtWall Wood-Framed, 24in. o, 1 - Retail ( Nonresidential... 2600 ft* 20 10 0.037
e

Publications
Resource guides

Training materials
www.energycodes.gov

prl.gov/COl

BUILDMNG TECHNOLOGIES PROGRAM

ANSI/ASHRAEES Stangard 92.-2000 & 2003 IECT

Insulation Requirements in
Commercial Buildings for
Mechanical and Service
Hot-Water Piping

= | Building Elm'gycudas
COMMERCIAL
for Architects -

Building Energy Codes

Resource Guide
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www.energycodes.gov Pacific Northwest
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EERE Home | Programs & Offices | Consumer information

us oerantuentor | Enoroy Efficiency &
ENERGY Renewable Energy

Building Energy Codes

Building Energy Codes Program I

HOME NEWS EVENTS ABOUT

U.S. Department of Energy » Energy Efficiency and Renewable Energy » Building Technologies Office » BECP Home = site Map (5 Erintsble Version

SHARE

DeveLopment Popular Links COMCheCk for COde
compliance forms

Tools
Compuiance

Rescurce Center

ﬁ COMcheck =

Technical Assistance

———— — Help Desk available
o ca

for specific code

— - - Status of State Energy Codes :;: .
2017 National Energy Codes Conference — Registration is Open! = q u eSt I O n S
Join us for the 2017 National Energy Codes Conference, hosted by the U.S. W__, Select a state v
Department of Energy! This year's event will cover a variety of critical topics, including = )
code development, implementation, policy, tools and resources, with a focus on

achieving compliance. Learn more... & News ® .
"7 Links to State

resources
» After selecting COMcheck choose either

B Desktop download for Windows
B COMcheck web online
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COMcheck Compliance Methods Pacif o
Building System Compliance Options
Envelope Preseriet)ys
OPUON
HVAC Mandatary | \/l Energy Code
Provisions Traiele O)ff C l
(required for most (OPLON ompliiance
SWH compliance options)
Power 2pisire)y Cosy
BUCITELS?
Lighting APPENTIXAEE
Perioranzines
Sienvlzieien
Other
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CheckTools Current Use Scenario

/- Collect Data

e Preparelnput
® Check Compliance

* Generate Compliance
Report

Compliance

Architect

Plan Review

e Review Software Input

e Check Compliance
Results

* Review Mandatory

Requirements
/

Paper/PDF

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

e Verify compliance of
inspection checklist
items

e Approve compliance

\

Designer

BECP Tools used only during “Demonstrate Compliance” Stage
COMcheck for 90.1-2016 now; for 2018 IECCin June 2018
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THANK YOU! Pacific Northwest |

Proudly Operated by Baftelle Since 1965

Building Energy Codes Program
Www.energycodes.gov

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