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Choosing Both Energy Efficiency 
and Light Pollution Mitigation for 

Commercial Outdoor Lighting
Wednesday, July 10, 2024
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• Global satellite data indicates ALAN has increased by at least 2% each year over 25 
years 

• Citizen science data indicates that ALAN is growing by 9.6% each year over 10 years
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Two outdoor applications

Model High School

Downtown College Avenue
9

This Photo by Unknown Author is licensed under CC BY-SA-NC

Three application scenarios
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Base case: HID
No dimming

Retrofit Scenario 1: 
DLC v5.1 luminaires (4K),

50% dimming

Retrofit Scenario 2: 
DLC LUNA V1 luminaires (3K), 

minimize overlighting,
deeper dimming (80%)
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Energy code requirements

ASHRAE 90.1-2019 
(Retrofit Scenarios-LZ2)

ASHRAE 90.1-2007 
(Base Case Condition-LZ2)

16,75524,673Total Allowance (W)

620,975620,975Total Site Area (ft²)

0.0270.04Overall LPD Allowance (W/ft²)
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Outdoor Lighting Requirements

UniformityHorizontal Illuminance 
at 0' AFGApplicationStandardScenario (pre-curfew)

Max/Min: 15:1Min: 0.5 fcParking Lots & Drive 
LanesIES RP-20-14Base Case

Avg/Min: 4:1Avg: 0.5 fcWalkwaysIES RP-8-14Base Case

Avg/Min: 6:1Avg: 0.9 fcLocal Road, Medium 
Pedestrian Activity

Larimer County Urban Area 
Street Standards (2007)Base Case

Avg/Min: 5:1Avg: 1-2 fcBuilding Entrance, 
Drop-Off, Pick-Up

ANSI/IES RP-43-22 (LZ2)RS1, RS2
Avg/Min: 10:1Avg: 1-2 fcWalking Surfaces

Max/Min: 20:1Min: 0.2 fcParking Lots & Drive 
LanesASNI/IES RP-8-21RS1, RS2

Avg/Min: 6:1Avg: 0.9 fcLocal Road, Medium 
Pedestrian Activity

Larimer County Urban Area 
Street Standards (2021)RS1, RS2
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DLC outdoor lighting ordinance map (plus CAN, HI, AL)
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https://www.designlights.org/outdoor-lighting-ordinances/

POLL 1

Fort Collins Outdoor Lighting Ordinance 

14https://library.municode.com/co/fort_collins/codes/land_use?nodeId=ART3GEDEST_DIV3.2SIPLDEST_3.2.4EXSILI

LIGHTING 
CONTEXT 

AREAS

CCT 
THRESHOLD

LIGHT TRESPASS 
THRESHOLD

BUG RATING/
UPLIGHT 

THRESHOLDS

TOTAL SITE LUMEN
THRESHOLDS
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SPDX FILES
PNNL SKYGLOW CALCULATORPHOTOMETRIC SOFTWARE DLC Cost Calculator
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RESULTS
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College Ave Power Demand Comparison
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Base Case RS1 RS2

Model High School Power Demand Comparison

Installed power savings

20

↓49%

↓ 21%

↓10%

MH

HPS MH MH

RS1 = DLC V5.1 Qualified fixtures
RS2 = LUNA  qualified/eligible fixtures + minimizing overlighting

↓39% ↓11%

↓70%

↑15%

↓45%

24,409

12,348

9,806

2760

1674
1488

5400

1602 1845

3120
2800

5660

4K 3K

19

20



7/12/2024

10

0%

25%

50%

75%

100%

125%

150%

175%

200%

Base Case RS1 RS2

College Ave Light Pollution Comparisons

0%

25%

50%

75%

100%

125%

Base Case RS1 RS2

Model High School Light Pollution Comparisons

Light pollution mitigation –
MLO Performance Method, atmospheric scatter

• Mitigations: minimizing overlighting, uplight and blue light scatter
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4K 3K

HPS MH MH

100%
109%

57% 100%

MH 4K 3K

187%

159%

100% 100% 98%

60%

81%

30%

Lighting and Controls Retrofit Costs ($0.12/kWh)
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RS1 RS2

RS1 RS2

NLCs % 23% 22% NLCs % 53% 42% 21% 43% 42% 15%

Model High School Lighting Costs

Model High School Model High School 
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Payback comparisons – includes incentives for ltg+controls

24

Payback period (years)

$0.48/kWh (CA)$0.33/kWh (CA)$0.22/kWh (NY)$0.12/kWh (CO)

Payback range: 
RS1: 3.8 -
14.2 years

RS2: 3.9 - 15.4 
years

Payback range:
RS1: 2.4 - 8.7 

years

RS2: 2.4 -
10 years

Payback range:
RS1: 1.7 - 5.9 

year

RS2: 1.7 - 7.3

Payback range:
RS1: 1.2 - 4.3 

years

RS2: 1.2 - 5.4 
years
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Accounting for relative scattering effects
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Get SPD (or SPDX) data

Calculate RSG from PNNL 
Skyglow calculator

Apply to photometric 
calculations 
(e.g. to luminaire, grid(s))

Baseline: Photometric 
calculations 

Shortcut method: Use average RSG / SP Ratio
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S/P Ratio (average)RSG (average)Technology/CCT
0.61.0HPS
0.91.5LED (2000K)
0.91.4LED (2200K)
1.22.0LED (2700K)
1.22.1LED (3000K)
1.52.8LED (4000K)
1.93.5LED (5000K)
1.93.6LED (5700K)
2.24.3LED (6500K)

Relationship between RSG and S/P Ratio:
RSG = 2.15*S/P Ratio - 0.52 (R² = 0.9994)

Baseline
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Relationship for pc-white LED products
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RSG vs CCT S/P Ratio vs CCT

(n=175)

Cost calculation tool
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Lessons learned
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Conflicting priorities Reduced power demand Reduced light pollution

NLCs too expensive for 
small application Longer payback periods Compatibility concerns

Compliance with outdoor lighting ordinances
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https://www.designlights.org/outdoor-lighting-ordinances/

POLL 2
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SCAN ME

WHITEPAPER: Choosing both Energy 
Efficiency and Light Pollution Mitigation 
for Commercial Outdoor Lighting
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SCAN ME

WHITEPAPER: Cost Calculation Tool
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SCAN ME

Seven Strategies to Minimize Negative 
Impacts of Outdoor Light at Night
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SCAN ME

DLC Outdoor Lighting Ordinances Map
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SCAN ME

LEUKOS article: Specifying non-white 
light sources in outdoor applications to 
reduce light pollution
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SCAN ME

PNNL Sky Glow Simulator
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Thank you
Questions?

40

Leora Radetsky
DesignLights Consortium

lradetsky@designlights.org
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