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Energy Savings from Lighting Application Efficiency

Lighting energy savings don’t just come from source efficiency improvements. More effective optical delivery,
spectral content, and intensity control can have enormous energy impacts and improve the functions of lighting.
This panel will cover efforts to understand the LAE energy opportunity, the modeling tools necessary for LAE, and

real-world implementations that demonstrate the impacts of LAE improvements.



Lighting our life

»

Daytime = Awake Nighttime = Asleep

it SUSTAINABLE DESIGN LAB Sources: https://wallpapersafari.com/w/TRCVXk; GETTY images


https://wallpapersafari.com/w/TRCVXk

170 years of Lighting

O We have created an awesome, afforable light source...

Mir SUSTAINABLE DESIGN LAB Sources: Daylighting Handbook |



.. and, we can control its intensity and spectrum

Mir SUSTAINABLE DESIGN LAB Sources: Daylighting Handbook Il 274 edition



A few questions

U How efficient is the overall, global lighting system?
U Do we still need to worry about daylighting?

L How can we best integrate SSL technologies into the architectural design process?

Mir SUSTAINABLE DESIGN LAB



Earth from space at night

L None of these photons ever enter a human eye

Mir SUSTAINABLE DESIGN LAB Sources: NASA, Black Marble, https://earthobservatory.nasa.gov/features/NightLights/page2.php






How many of these photons are needed?

L Potentially all those that bounce of a surface within the stadium

Mir SUSTAINABLE DESIGN LAB Sources: Superbowl 2021, James Lang-USA TODAY Sports



How many of these photons are needed?

L Only shine light downwards
L Do we really need to keep the whole parking lot opened at night?

Mifr SUSTAINABLE DESIGN LAB Sources: https://www.actionservicesgroup.com/blog/4-benefits-of-led-parking-lot-lighting/



Lighting Application Efficiency Guidelines

O Use controlled/free daylight when available
O Top up daylight with efficient electric lighting

O Provide electric lighting in adequate quantities where and where needed

Mir SUSTAINABLE DESIGN LAB



How does this approach look within an
architectural/urban design context?



Access to (Day)light in cities

New York Zoning Laws 1916

Highest 4 floors or
40" exempt from
minimum tower lot £
coverage requirement

Tower must

occupy at
least 33% but
no more than
40% of lot area
of zoning lot

Residential tower
must be set back
at least 10" from
a wide street and
at least 15" from
a narrow street

Base height
60" minimum
85’ maximum

Building cannot penetrate
sky exposure plane, which
begins at 85' above the

street line

Zoning
lot line

Base height:
60" minimum
85" maximum

Photo: M Saratsis
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- Paper M Saratsis, T Dogan and C F Reinhart, “A simulation-based daylighting analysis procedure for the
|
Mir SUSTAINABLE DESIGN LAB development of urban zoning rules,” Building Research and Information, 45:5, pp. 478-491, 2017



LM83/LEED vs zoning regulations

Maximum As-Of-Right FAR
80%

S1 billion in

real estate

70%

50%
45%

I_\Iew threshold

40%

SDA (300ux150%]

Spatial Daylight Autonomy

30%

20%

10%

Floor Area Ratio

Typology A - Typology B Typology C Typology D Typology E
Perimeter ~ Atrium Courtyard Alley Double Alley

Paper M Saratsis, T Dogan and C F Reinhart, “A simulation-based daylighting analysis procedure for the

I -
Iii S U S TAINABLE DE S I G N LAB development of urban zoning rules,” Building Research and Information, 45:5, pp. 478-491, 2017



How do we overcome the conflict between carbon
emissions and economics?

Designer 1 Investor
i
;- design performance ) . financial
a_nalysis tom_ls . :malj, sis tools
\[ s i L\
. IHE
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The Financial Value of Daylight

(1) -

Collate data for 5,154 e

distinct floors in 905 AL
buildings throughout

Manhattan, New York City.

Create a 3d geometric model for
each building and its adjacent
context to be used in the floor-
by-floor daylight simulation. Total

extent of model is 800-ft by 800-ft,

roughly the size of a Manhattan
block. The extent of the model
accounts for the neighboring Simulate hourly illuminance
pbuildings that can significantly through each floor plate of interest

impact daylight access for the individually. Calculate floor-
office space in question.

S % hours that
” receive enough

daylight to count
towards the floor-

wide Spatial Daylight Autonomy wide sDA metric.
(SDA0505,) Dased 0N annual —
illuminance values. 0 100%

| Turan, A Chegut, D Fink and C Reinhart, 2019, The financial value of daylight,

Illil- S U S TA I N A B L E D E S I G N L A B Building and Environment, Volume 168, 15 January 2020, Article 106503



Daylight Availability in Manhattan

Distribution of Spatial Daylight Autonomy (sDA, .., for the 5,154 Floors in the Sample
Mean: 43% | Standard Deviation: 23% | Median: 39% | Min: 0% | Max: 100%

200

150
o Very Low High Very High
2 sDA 0-25% sDA 55-75% sDA 75-100%
S 100  [-------JEa= == ook e A N A R -y - - - - - ----------- -
Qo
L

0 | [T

0 100

Annual Spatial Dayli ht Autonom - SDA %
P yig Y 0505 (70) Source, | Turan, A Chegut, D Fink & C Reinhart

- | Turan, A Chegut, D Fink and C Reinhart, 2020, The Value of Daylight in Office Spaces
I ’ ’ ’ ’ ]
Mir SUSTAINABLE DESIGN LAB Building and Environment, Volume 168, 15 January 2020, Article 106503



Hedonic Pricing Model

logP; = a+ BX;+ 0g; + ¢;
| \

Price Factor in question
(e.g. daylight availability)

Hedonic characteristics include:
property type; age; building class; number of floors;
renovations; amenities; transportation accessibility;
investor type

1 Spaces with access to high amounts of daylight (sDA> 55%) have a 5 to 6% value premium over
occupied spaces with low amounts of daylight (sDA<55%)

| Turan, A Chegut, D Fink and C Reinhart, 2019, The financial value of daylight,

Illil- S U S TA I N A B L E D E S I G N L A B Building and Environment, Volume 168, 15 January 2020, Article 106503



Spatlal View Access

'li
"h:e iln-..‘ s, ‘x‘*‘ri e

View rays cast from all

nodes with MVP = 3%

== jconic landmarks and green spaces

== distant views of water and greater metropolis
== ground

S surrounding buildings

Spatial View Access (sVA)

T A g across full floorplate
17 State Street, 32nd Floor

E.R. $56.84/sq.ft. | sDA,, . 58% | sVA, 32% = 3% MVP: 93 nodes

== jconic landmarks and green spaces total node count: 389 = 2%
== distant views of water and greater metropolis
== ground
== surrounding buildings A
O Spaces with high access to views (10% and above sVAsx) have a 6% premium over spaces with low access to

views (less than 10% sVAzx)
O The combined value of spaces with both high daylight and view access, similarly, is 6%, indicating that the

impact of daylight and views together is significant but is not additive.
O Hight relevant result since rent/mortgage is typical 10 x higher than energy costs

i S U S TAINABLE DE S | G N LAB ITu.ran.,AChegut, D Fink and C Reinhart, 2021, Development of View Analysis Metrics and

Their Financial Impacts on Office Rents, Landscape and Urban Planning



The role of electric lighting in net zero building design



Eight Steps Towards Net-Zero Ready Design

Site Selection & EUI Target Finding
Climate Analysis

Daylight Massing

Facade Design

Glare

Electric Lighting

EUI Study

© N O U B~ W N

Photovoltaics

Mir SUSTAINABLE DESIGN LAB



1 Site Selection & EUIl Target Finding

Walkscore Energy Star
Portfolio Manager — Target Finder

State: Texas Walkscores EUl ta rget
Somewhat Walkable

City: Amarillo Tostsogs  Some Transit Wak Score s Somewhat Bikeable
ty 42 | Afew nearby public 55 Some errands can be §43 Wiinional Bike irifrastruciure: e
-§- Address: SE 6th Ave, Amarillo, TX 79101 e R e Site EUI

Amarillo overall walkscore of 40 44 4kWh/ m?2

Source EUI
105.5kWh/m?

Center fof
performity

Energy Use Intensity (EUI)

1.54

v

Do)
9 Targey

M"“ian Prop,

I site EUI 1 Source EUI

1 building
Medium sized office in 4B climate zone

Benchmark
Lower energy use than of comparable
buildings in the U.S.

i S U S TAINABLE DE S | G N LAB MIT 4.464 student project: C Allen & E Reinhard



2 Climate Analysis

Month radiation South fagade Cold NW winds

ﬂoo \ Shading study:
summer solstice

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

k Solar Exposure

Month radiation North facade

(. N

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

k Solar Exposure /

1 Main idea: Look south to maximize winter solar gains and SE comfort winds
Mir SUSTAINABLE DESIGN LAB MIT 4.464 student project: C Allen & E Reinhard




3 Daylight Massing | Spatial Daylight Autonomy

=

=

" Daylit area = sDA300lux,50%
M Non-daylit area
Glazing

|

O Daylight autonomy (DA) is a daylight availability metric that corresponds to the percentage of the
occupied time when the target illuminance at a point in a space is met by daylight.
QO sDAgyg 509, Means that 300lux are met by daylight 50% of the occupied time

Mir SUSTAINABLE DESIGN LAB



Option 3
N

One curved building

T
HIH L

Option 2
Three buildings

Option 1
Single building

—

3 Daylight Massing

.-
sDA= 100%

Winter solstice
Noon

Daylight autonomy
DA, (50%)

778 lux

MIT 4.464 student project: C Allen & E Reinhard

Glare
1271 lux

Average Lux

SUSTAINABLE DESIGN LAB



4 Facade Design

Option 3 Updated daylight analysis

One curved building One curved building

_, E - o)
sDA= 100% L — sDA=99.3% - 0.7 %

-516 lux

O Optimized vertical shades
"ir S U S TAINABLE DE S | G N LAB MIT 4.464 student project: C Allen & E Reinhard



3 Daylight Massing — Zoom In

Option 3

One curved building

S

Al
i
Sl il
"‘HI.‘ i

Winter solstice
Noon

Daylight autonomy
DA, (50%)

Glare

Time of Day

7
o

S 12
Average Lux 2

= 18
=

24

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
/ Day of Year

" Autonomous (>300 lux)
MIT 4.464 student project: C Allen & E Reinhard
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3 Daylight Massing — Zoom In

Option 3

One curved building

S

e

i
iy

Winter solstice
Noon

sDA=100%

Daylight autonomy

DA, (50%)
Glare
Time of Day
)
() i
e 12
E
= 18
24
Average Lux Jan  Feb Mar  Apr May  Jun Jul Aug  Sep Oct  Nov Dec
Day of Year

™ Overlit (>1000 lux direct)

MIT 4.464 student project: C Allen & E Reinhard
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5 Glare Analysis | Daylight Glare Probability

O Aglare index is a numerical evaluation of high dynamic range images using a mathematical formula.

[ Daylight glare probability (DGP) is becoming increasingly widely used. DGP was developed based on
HDR photography measurements combined with human subject evaluations.

d DGP reacts to scene properties, overall brightness and contrast | the field of view.

2

DGP =5.87 x 10° x E, + 9.18 x 1O2Iog(1 +Z Elg? (DPQ)+O16

=1 Y
v v
scene brightness contrast

O Results are interpreted as falling into one out of four categories.

Imperceptible glare Perceptible glare Disturbing glare

DGP <35% 35% < DGP <40% 40% < DGP <45% 45% < DGP

Mir SUSTAINABLE DESIGN LAB

Source: Daylighting Handbook Il



5 Glare Analysis

Daylight glare due to contrast Daylight glare due to brightness

HDR photograph Glare analysis HDR photograph Glare analysis

5 3
Vertical eye illuminance = 3,000 lux g Vertical eye illuminance = 10,000 lux £
DGP = disturbing glare (41%) g DGP = intolerable glare {79%)} g
£ g
Imperceptible glare Perceptible glare Disturbing glare

DGP <35% 35% < DGP <40% 40% < DGP <45% 45% < DGP

Mir SUSTAINABLE DESIGN LAB Source: Daylighting Handbook I



5 Glare Analysis

o

Time of Day
~

18

NG
N

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- ." i/ ==y / Day of Year
;" r B 'Q’ ==l [ 84% Imperceptible '~ 6% Perceptible ! 5% Disturbing M 5% Intolerable
o = —’—__ B vgpT > 2

Time of Day
3

24

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Day of Year

1 99% Imperceptible © 0% Perceptible ! 0% Disturbing M 1% Intolerable

L Each slice corresponds to a give view direction within the scene
L The color of the slice depends on how often a spectator may experience discomfort glare throughout the year.

i S U S TAINABLE DE S | G N LAB MIT 4.464 student project: C Allen & E Reinhard



5 Glare Analysis

\ - = “.“- -
Saaal AP 8P B s apa
pE 5P saBs A,

JETA

Mir SUSTAINABLE DESIGN LAB

Hemispheric glare map
December 22nd at 8:30am

MIT 4.464 student project: C Allen & E Reinhard



6 Electric Lightin

Workspaces

50.2 W

Heoriznntal Sertk 00"

Werictal Sacton 00"

Focal Point:

Seem 1 Acoustic, Direct/Indirect LED,
Batwing/Regress Lens

5200 Im/ 4 ft. length

3500K

O Two luminaire types for workspaces (target = 300lux) and corridor (Target 150lux)

Mir SUSTAINABLE DESIGN LAB

g Design | List of Luminaires

Circulation Space

30.8 W

Signify:

TruGrooves Shapes,
Suspended Direct LED
1500 Im/ 2 ft. x 2 ft.

3500K

MIT 4.464 student project: C Allen & E Reinhard



6 Electric Lighting Design in 2 dimensions

300 lux

150 lux

O lux

O Two luminaire types for workspace (target = 300lux) and corridor (Target 150lux)

Mit SUSTAINABLE DESIGN LAB MIT 4.464 student project: C Allen & E Reinhard



6 Electric Lighting Design in 2 dimensions

500 lux

250 lux

O lux

O Parametric design to optimize spacing

Mit SUSTAINABLE DESIGN LAB MIT 4.464 student project: C Allen & E Reinhard
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6 Electric Lighting Design in 3 dimensions

L Dan Weissman (Lam Partners): “Simulation as a proxy for experience.”

Mir SUSTAINABLE DESIGN LAB




6 Electric Lighting Design For Health

incoming light spectrum

O 81 color channel simulations using ALFA

Mir SUSTAINABLE DESIGN LAB

nm

) retinal
— 8 ganglion -
cells
v()
‘0
&
' oplcnerve ‘
'0
- --"
—— melatonin supression
circadian clock reset
human eye
ipRGC photoreception

(blue-sensitive)

Image: Solemma LLC



6 Electric Lighting Design For Health

Open Office fixture

| |
(| ~N b4 b4 {H}\
b4 b4 b
b4 b4 b
N Y, b4 b4 b
. \_ 5%

Eq. Lumens (melanopic)

Break room fixture

Mir SUSTAINABLE DESIGN LAB

Eq. Lumens (melanopic)

Lumens (photopic)




6 Electric Lighting Design For Health

& PP

- B P E B SP

YA LEEEEEEXY.
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D

O Warm break room, neutral working area

Mir SUSTAINABLE DESIGN LAB

® M/P Ratio

@ Blue Enriched (M/P > 0.9)
@ Blue Depleted (M/P < 0.35)
_ Neither (0.35< M/P <0.9)

0.60
0.0%
39.3%
60.7%

Screenshot ALFA



6 Electric Lighting Design For Health

|I ll

peeseseseeee® |
T IR Y
EEBDE LSRR D B
EESDEDESESD S
POEOEEPBTIPBRELS
L 0008 66 $.6.9.68
D

 Only 2% meet Well criterion above 200 equivalent melanopic lux
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6 Electric Lighting Desigh For Health

—~

(W/m?-nm

diance

Irra

* wavelensgs'zh (nm)
M/P Ratio 1.18
M) lux 273
V(N lux 232

o
a H

* WavelenSgS:h (nm)
M/P Ratio 0.75
M(A) lux 128
V(M) lux 170

17:00, 4000K CCT

O Rendering for different spectral distributions

Mir SUSTAINABLE DESIGN LAB Image: Solemma LC



6 Electric Lighting Design | Schedules

IES/ASHRAE 90.1 — 30kWh/m2yr

O Default ASHRAE schedules very high

Mit SUSTAINABLE DESIGN LAB MIT 4.464 student project: C Allen & E Reinhard



6 Electric Lighting Design | Schedules

Core zone — 10kWh/m2yr

Perimeter zone — 4kWh/m2yr

o140 T TR I o 1

1 Occupant behavior models

Mir SUSTAINABLE DESIGN LAB MIT 4.464 student project: C Allen & E Reinhard



Transition Lighting to Therma Model

fi AR AR |

M Absent  Presen W Off On

Sha d schedule Lighting schedule core zone
. (
I 1 Blinds up Blinds down

“"“““H“HHHHH“H"“HHHHHH"""u

O Lighting Power Density 4.4 W/m?

Mir SUSTAINABLE DESIGN LAB
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P /, »
- A | Daylighting model Thermal model
& P g
P ore zone
//,
# erimeter zone
-----------------------------------------------------------

ccupancy schedule Lighting schdule perimeter zone :

—

Source: Daylighting Handbook Il



7 EUI Study

Thermal model

Energy Use Intensity (kWh/m? yr)

140
146

120
112

100
92

80 79

76

The fins take up a wall length of approx. 4,4m (1 fin = 0.05m x 88fins) that is taken into account the thermal model.
I Window Zones 72 6 9
60
Facade Window
U-value= 0.103 W/m?K . U-value= 0.57 W/m*K
! 1 Benchmark --T1T--- wiaieininiale - ~ Tnliiaiaiaiel - - - dalniafniaial - - “pialaiaiaiaie ~ ~ falaialaiaials ~ ~ ~ el 50- ------- 42 --
? 3 m.n 3 0044m 40
it sl 20
4 Medium Ofice-4B_1/2IN GYPSUM 0.013m ébﬂ%'ﬁ'.‘eﬁ[[".ma tamm.
Floor / Ceiling Roof 0
U-value= 0.116 W/m?K top U-value= 0.095 W/m?2K op
! ! Baseline Upgraded Roof & wall Adjusting Upgraded Static Shad- Reduce Reduce Increase
2 05t Lighting insulation, occupancy, Facade, Slab, ing, North WWR on Lighting and WWR to
. osen & Ground improved ventilation Ground, and and South North and Equipment 100% on
e insulation windows & power Roof Insulation facades South fa- Power Den- North Fa-
B —— oo et g density cades sities cade (for
| 2 2 Insulation Lxmndml‘qysmcm: Extruded dayl ighﬁng)

2 General e 0.2m
3 MediumOff-48 MAT-AIR-WALL 0.3m (Smooth Skin SUrface) 0.3m
4 Acoustical Tile -0.05m 3 MediumOF-4B_METAL DECKING 0.0015m

Electric Lighting

MIT 4.464 student project: C Allen & E Reinhard
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8 Getting to Net Zero

PV system

Electricity yield calculation

S~

& RadMap 2

g:

Total Solar Exposure
All Hours

v

All Surfaces

| 1875 iwtm'-yr

200

175

150

125

100

KWhim?*

75

50

25

0

Jan  Feb Mar Apr  May Jun Jul Aug Sep

Solar Exposure

] kWh/m* 300
S
All Surfaces: 1875 kWh/m?/yr
Percent of PV covered by the PV system: 105.1%
121,500 kWh /115,564 kWh
Target energy use -> 44.4kWh/2,600m?= 115.564 kWh

250 PVs x 1.5m? x 1,875 Wh/m? x 0.18 x 0.96 = 121,500 kWh

Financial Analysis

Installation costs:
(250 panels x 294 W, /panel x $us 2.77/Wp“)

Federal tax break™:
($US 203,595 x 0.26)

Total installation cost after taxes:

Annual revenue/savings through PV system:
(121,500 kWh/yr x $US 0.22)

Payback time:
($US 150,660 / $US 26,730/yr)

$US 203,595

$US 52,935

$US 150,660

$US 26,730

5.6 years

/

¥ 26% Federal Investment Tax Credit (ITC) for Amarillo TX

** As of December 2020

T
(it

Bl Wy umi
—

)

N
S
- AN

O Matching energy demand with PV yield

Mir SUSTAINABLE DESIGN LAB

MIT 4.464 student project: C Allen & E Reinhard



A few questions

U How efficient is the overall, global lighting system?

For outside applications there seems to be a strong focus on light source vs. design and control.
U Do we still need daylighting?

Yes, for health purposes but also as a financial driver for projects.
L How can we best integrate SSL technologies into the architectural design process?

Innovative , easy to use simulation tools that foster collaboration with the larger design team

Mir SUSTAINABLE DESIGN LAB
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