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© 2018 ASHRAE

This draft is covered under ASHRAE copyright. The appearance of any technical data or editorial material in this
publication document does not constitute endorsement, warranty, or guaranty by ASHRAE of any product, service,
process, procedure, design or the like and ASHRAE expressly disclaims such. Permission to republish or
redistribute must be obtained from the MOS.

(This foreword is not part of this standard. It is merely informative and does not contain requirements
necessary for conformance to the standard. It has not been processed according to the ANSI requirements for a
standard and may contain material that has not been subject to public review or a consensus process.
Unresolved objectors on informative material are not offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

The Lighting Subcommittee (LSC) has performed a wholesale review of the existing model for determining
LPDs. Each space type LPD has been evaluated for compliance with the ANSI lighting standards.

The 90.1 Lighting Subcommittee model fundamentally works as a reverse engineered version of the lighting
standard formula, Zonal Lumen Method Calculation. As outlined in the Journal of Illuminating Engineering
Society, “An Empirical Data Based Method for Development of Lighting Energy Standards”, a high-level
concept of the model is the following formula:

I[lluminance
LPD =

Fixture (or Source) Ef ficacy xCoef ficient of Utilization x Light Loss Factors
[lluminance

The model was updated to adopt new guidance from the Illuminating Engineering Society (IES) (The IES is
a co-sponsor of the ANSI/ASHRAE/IES Standard 90.1 Within the building trade, construction, and other
jurisdictions, the IES is the often cited body for lighting recommendations). For example, RP-28-16,
Recommended Practice for Visual Environment for Seniors and the Low Vision Population, was published
in 2016. This document increased certain illuminance values from the last version of the model. As a result,
when illuminance increases, this can change the LPD. Beyond incorporating all of the current lighting
recommended illuminance values in the model, the model adopted lighting guidance were applicable as
well. For example, spaces with people with low vision can be negatively affected by lighting from recessed
downlights. As a result, the model changed certain fixtures within the model to address this guidance.
Fixture changes can also affect other variables as discussed further in the document.

Fixture or Source Efficacy

Lighting efficacy is the conversion of power into visible light. Light source selection can inherently affect
the efficacy of the lighting systems.

There are various lighting energy programs and metrics that inform our LED light fixture efficacy. For
example, ENERGY STAR sets a downlight efficacy of 55 Im/W for downlights. The DesignLights
Consortium (DLC) sets minimum values of 100 — 105 Im/W for their “standard” category. LED Lighting
Facts, a national program, analyzed over 70,000 products and the typical median efficacy within the
Lighting Facts data set was 105 Im/W.

Coefficient of Utilization (CU)
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Coefficient of Utilization (CU) is a mathematical calculation characterizing the distribution of a light fixture.
CU values vary by room geometries as well as the reflectance values of the materials. The 2016 model
typically used a reflectance value of 70% for ceilings, 50% for walls, and 20% for floors — this is
abbreviated within the industry as 70/50/20. For certain space types, the reflectance values were 50/30/20.
The 2019 revised model also introduced a reflectance value of 30/10/20. These three sets of reflectance
values are consistent with or similar to other energy efficiency programs (source: NEMA LE6-2014,
Procedure for Determining Target Efficacy Ratings for Commercial, Industrial, and Residential

Luminaires).

Beyond modifying reflectance values, the LSC reviewed the room geometries (Within the lighting industry,
room geometries for the CU calculation are Room Cavity Ratios (RCR). RCR takes in account the space
height, fixture mounting, room perimeter, and room area). Upon an updated review of the LSC model some
RCR values changed. Manufacturing low bay, manufacturing high bay, and manufacturing extra high bay
all had the same RCR value in the 2016 values. These RCR values were changed. As a result of the change
in ceiling height, the RCR increased. As RCR increases, the LPD is affected.

Light Loss Factors (LLF)

Light Loss Factors (LLF) are values factored into lighting calculations to account for the performance of the
lighting system over time. As mentioned in “An Empirical Data Based Method for Development of Lighting
Energy Standards”, there are many possible LLF inputs. The LSC model includes room surface dirt
deprecation, lamp lumen deprecation, and luminaire dirt depreciation.

The 2019 LSC model now moves the RSDD to apply to the entire space, not individual fixture types. The
standardized value of RSDD is 0.96.

The lamp lumen depreciation values varied for LED fixtures in the 2016 model. Upon review, it was
standardized on 0.85 across all LED fixtures. This a standardized value as well as within lighting industry
guidelines.

Data is based on a large sample of readily available luminaires. These are products that are in the market
and already being specified widely. As such, we believe these proposed values are cost-effective.

[Note to Reviewers: This addendum makes proposed changes to the current standard. These changes are indicated
in the text by underlining (for additions) and strikethrough (for deletions) except where the reviewer instructions
specifically describe some other means of showing the changes. Only these changes to the current standard are
open for review and comment at this time. Additional material is provided for context only and is not open for
comment except as it relates to the proposed changes.]

Addendum bb to 90.1-2016

Modify the standard as follows (IP and SI Units)
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Note: Other portions of table not shown are unchanged.

Table 9.6.1 Lighting Power Density Allowances Using the Space-by-Space Method and Minimum Control Requirements Using
Either Method

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single

building type.

LPD
Allowances, RCR
Common Space Types? Wift2 Threshold

<20 ftin height

height 0.48
>20 ft and <40 ft in height 0-03/ft-total NA
height 0.57
>40 ftin height 0-40+0-02/ft NA-11
total-height 0.70
MudenceSeating Area
Auditorium 0.630.61 6
Convention center 082 0.25 4
Gymnasium 0:650.23 6
Motion picture theater 114 0.27 4
Penitentiary 028 0.67 4
Performing arts theater 203 1.06 8
Religious facility +530.72 4
Sports arena 0:430.33 4
All other audience seating areas  6:43 0.23 4
Banking Activity Area 086 0.61 6
Brealaoom (See LowngefBreakioom)
—
Penitentiary 1341.38
All other classrooms/lecture 092 0.84 4

halls/training rooms

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single
building type.

RCR
Common Space Types? LPD, W/ft2 Threshold

6

Facility for the visually impaired ~ 6:92 0.71 width <8 ft

(and not used primarily by the

staff)®

Hospital 6:920.71 width <8 ft

¢ ine-facil 6.20 ] ‘

All other corridors 066 0.41 width <8 ft
‘Cowwoom 30125 6
ComputerRoom  1-331.00
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Penitentiary 0:.96 0.42 6
Facility for the visually impaired 260 1.38 4
(and not used primarily by staff)

Bar/lounge or leisure dining 0:930.86 4
Cafeteria or fast food dining 0:63 0.40 4
Family dining 674 0.60 4
All other dining areas 0.630.43 4

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single

building type.
P

Common Space Types? LPD, W/ft2 Threshold

Electrical/Mechanical Room’ 043 0.42 6

Emergency Vehicle Garage 0:41 0.52 4

Food Preparation Area 106 1.29 6

Guest Room 077 0.41 6

In or as a classroom 1201.17 6
All other laboratories 1451.70 6
LaundyWashngArea | 043059 4
Loading Dock, Inerior | 058088 6

Facility for the visually impaired 283 2.49 4

(and not used primarily by the

staff)®

Elevator 0.690.71 6

Hotel 1.06 0.51 45

Motion picture theater 045 0.23 4

Performing arts theater 170 1.25 68

All other lobbies +001.11 4
0-48 0.52 6

Healthcare facility 678 0.42 6
062 0.59 4

All other lounges/breakrooms

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single

building type.
L

Common Space Types? LPD, W/ Threshold

Office

Enclosed and <250 ft? 0.930.88 8

Enclosed and >250 ft? 0:930.79 8

Open plan 081 0.67 4
Pardng Area,Imerir 01405 4
PhamacyArea 13190 6

Facility for the visually impaired  6:96 1.26 8

(and not used primarily by the

staff)®

All other restrooms 06:850.63 8
(Salesaeat 2212 6
Seating Area, General | 042023 4
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<50 ft2 0-97 0.40 69
>50 ft? and <1000 ft? 0-460.38 6
All other storage rooms 0-46 0.38 6

4

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single

building type.

Building Type Specific/Space RCR
Types? LPD Wi/ft? Threshold
Chapel (used primarily by 106 0.70 4
residents)

Recreation room/common living 480 1.77 6

room

(and not used primarily by staff)

Exercise area 06:56 0.90 4
Playing area

Examl/treatment room 1.68 1.40 8
Imaging room 1.06 0.85 6
Medical supply room 654 0.62 6
Nursery 1.001.37 6
Nurse’s station 081 1.11 6
Operating room 217 2.26 6
Patient room 062 0.68 6

Informative Note: This table is divided into two sections; this

first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single
building type.

Building Type Specific/Space RCR
Types? LPD Wi/ft? Threshold
6

Physical therapy room 084 0.91

Recovery room 1063 1.25 6

Reading area 0:820.96 4
Stacks +201.16 4
Detailed manufacturing area 0:930.80 4
Equipment room 0:650.76 6
Extra high bay area 1051.42 48
(>50 ft floor-to-ceiling height)

High bay area 0751.24 46
(25 to 50 ft floor-to-ceiling height)

Low bay area 0:96 0.86 43
(<25 ft floor-to-ceiling height)

Museum

General exhibition area 4050.31 6
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Restoration room 06:851.10 6

Fellowship hall 055 0.54 4
Worship/pulpit/choir area 153 0.85 4

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly
found in multiple building types. The second part of this
table covers space types that are typically found in a single
building type.

Building Type Specific/Space RCR
Types? LPD Wi/ft? Threshold

Dressing/fitting room o5
Mall concourse 6:91.03 4

Class | facility 247 2.9 4
Class Il facility 196 2.01 4
Class llI facility 176 1.30 4
Class IV facility +130.86 4
Baggage/carousel area 045 0.39 4
Airport concourse 631 0.25 4
Ticket counter 6:620.51 4
Medium to bulky, palletized items 635 0.33 4
Smaller, hand-carried items® 0.69 6

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

2. In corridors, the extra lighting power density allowance is permitted when the width of the corridor is less than 8 ft and is not based on the RCR.

3. A “Facility for the Visually Impaired” is a facility that can be documented as being designed to comply with the light levels in ANSI/IES RP-28 and is licensed or will be licensed
by local/state authorities for either senior long-term care, adult daycare, senior support and/or people with special visual needs.

4. For accent lighting, see Section 2.6.2(b).

5. Sometimes referred to as a “Picking Area.”

6. Automatic daylight responsive controls are mandatory only if the requirements of the specified sections are present.

7. An additional 0.52 W/ft? shall be allowed, provided that the additional lighting is controlled separately from the base allowance of 0.43 W/ft>. The additional 0.52 W/ft? allowance
shall not be used for any other purpose.

8. Class of play as defined by IES RP-6.

Note: other portions of table not shown are unchanged.

SI Units

Table 9.6.1 Lighting Power Density Allowances Using the Space-by-Space Method and Minimum Control Requirements Using
Either Method

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table
covers space types that are typically found in a single
building type.

LPD
Allowances, RCR
Common Space Types? Wink Threshold

<6.1 m in height 0 10W/m-total NA
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>6.1 m and <12.2 m in height 0-10/m-total NA
height 6.1
>12.2 m in height 0-40+0-07m NA-11
total-height 7.5
Auditorium 6:86.5 6
Convention center 8827 4
Gymnasium 7025 6
Motion picture theater 12329 4
Penitentiary 30872 4
Performing arts theater 21812.7 8
Religious facility 16.57.8 4
Sports arena 4.6 3.5 4
All other audience seating areas 46 2.5 4
Banking Activity Area 936.5 6

Penitentiary 144 14.8 4

All other classrooms/lecture 999.1 4
halls/training rooms

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table
covers space types that are typically found in a single
building type.

RCR
Common Space Types? LPD, W/m? Threshold

Facility for the visually impaired 9.9 7.7 width <2.4

(and not used primarily by the m

staff)?

Hospital 9977 width <2.4
m
m

All other corridors 714.4 width <2.4
m

6

Penitentiary

10.3
Facility for the visually impaired 21514.8
(and not used primarily by staff)®

Bar/lounge or leisure dining 10-09.3 4
Cafeteria or fast food dining 684.3 4
Family dining #66.5 4

All other dining areas

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table
covers space types that are typically found in a single
building type.

RCR
Common Space Types? LPD, W/m? Threshold

4645 6
4456 4
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® |
o

[
N
(o)
o

In or as a classroom 129126 6
All other laboratories 15.6 18.3 6
LaundyWashing Area 4662 4
| Loading Dock,Inerior | 6295 6

Facility for the visually impaired ~ 21.8 26.8 4
(and not used primarily by the
staff)®
Elevator 477 6
Hotel 11454 45
Motion picture theater 4825 4
Performing arts theater 18-313.5 68
All other lobbies 16-811.9 4

6

Healthcare facility 84 4.5 6

All other lounges/breakrooms 676.3 4

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table
covers space types that are typically found in a single

building type.
RCR

Common Space Types? LPD, W/m? Threshold

Office

Enclosed and <23.2 m? 10.0 9.5 8

Enclosed and >23.2 m? 10.08.5 8

Open plan 166 8.5 4
Parking Area, Imerior 8712 4
Phamacyiea | wazs o

Facility for the visually impaired ~ 16-3 13.5 8
(and not used primarily by the
staff)®

:

All other restrooms

<4.6 m? 104 4.3 69

>4.60 m? and <305 m? 494.1 6

All other storage rooms 4941 6
6.06.5 4

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table

covers space types that are typically found in a single
building type.

Building Type Specific/Space RCR
Types? LPD W/m?2 Threshold

Chapel (used primarily by 11475 4
residents)
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Recreation room/common living ~ 39-4 19.0 6
room
(and not used primarily by staff)

Exercise area

Playing area

Exam/treatment room 181 15.1 8
Imaging room 11492 6
Medical supply room 586.7 6
Nursery 10.8 14.8 6
Nurse's station 87119 6
Operating room 23324.3 6
Patient room 6+7.3 6

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table
covers space types that are typically found in a single

building type.

Building Type Specific/Space RCR
Types? LPD W/m? Threshold
Physical therapy room 9:09.8 6
Recovery room 103135

Reading area

Stacks

Detailed manufacturing area 100 8.6 4
Equipment room 708.2 6
Extra high bay area 11315.3 48
(>15.2 m floor-to-ceiling height)

High bay area 8.1 13. 46
(7.6 to 15.2 m floor-to-ceiling

height)

Low bay area 10-39.3 43

(<7.6 m floor-to-ceiling height)

General exhibition area 11333

Restoration room 91119

Fellowship hall 595.8 4
Worship/pulpit/choir area 16:59.2 4

Informative Note: This table is divided into two sections; this
first section covers space types that can be commonly found
in multiple building types. The second part of this table

covers space types that are typically found in a single
building type.

Building Type Specific/Space RCR
Types? LPD W/m Threshold

Dressing/fitting room
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Mall concourse 9.7 11. 4

Sports Arena—Playing Area®

Class | facility 266 31.6 4

Class Il facility 211 21.6 4

Class Ill facility 183 13.9 4

Class IV facility 12.29.3 4

Transportation Facility

Baggage/carousel area 484.2 4

Airport concourse 3327

Ticket counter 675.5

Warehouse—Storage Area

Medium to bulky, palletized items 3-8 3.6 4

Smaller, hand-carried items® 7.4 6

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

2. In corridors, the extra lighting power density allowance is permitted when the width of the corridor is less than 2.4 m and is not based on the RCR.

3. A “Facility for the Visually Impaired” is a facility that can be documented as being designed to comply with the light levels in ANSI/IES RP-28 and is licensed or will be licensed by
local/state authorities for either senior long-term care, adult daycare, senior support and/or people with special visual needs.

4. For accent lighting, see Section 2.6.2(b).

5. Sometimes referred to as a “Picking Area.”

6. Automatic daylight responsive controls are mandatory only if the requirements of the specified sections are present.

7. An additional 5.6 W/m? shall be allowed, provided that the additional lighting is controlled separately from the base allowance of 4.6 W/m? The additional 5.6 W/m? allowance shall
not be used for any other purpose.

8. Class of play as defined by IES RP-6.



