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Executive Summary 
Most of the time, people go shopping when they are in a good mood, feeling excited, happy, 
and energetic. It is vital for retail shop owners to maintain a conducive state for their customers, 
allowing them to shop with an excellent mindset. Therefore, many retail owners invest millions 
into research to understand the types of clients they are dealing with and provide necessary 
services to keep their customers in a good mood. Retail owners work closely with lighting 
designers, architects, and researchers to design premises that enhance the shopping experience. 

This lighting design project aims to compare spaciousness and closure concepts by following 
John Flynn's psychological principles. The project achieved uniform peripheral lighting for 
spaciousness and non-uniform low luminances for closure, meeting the criteria for 
psychological reinforcement. Despite missing some illuminance targets, particularly in ambient 
vertical and horizontal illuminance, the display illuminance criteria were met successfully. The 
design also achieved the desired uniformity and color rendering, the energy sustainability 
targets were fully met in both scenarios. The collaborative effort ensures a well-designed retail 
space that supports customers' positive experiences and meets the technical requirements of 
modern lighting design. 

Design Consideration: 

 Psychological reinforcement 

 Illuminance and uniformity 

 Energy/Sustainability 

 Color rendering 

 Biological needs of the sales personnel 

 Visual task at the counter 

 Code/standards (LEED and WELL) 
 Visual comfort/Glare 

Solution 

Spaciousness: 

The first scene is designed to immerse customers in a high-quality, spacious, and mood-
enhancing environment. This scene is characterized by high-intensity, shadow-free lighting, 
allowing customers to adequately evaluate the merchandise. LED luminaires were chosen for 
their high color fidelity, long-lasting performance, and energy efficiency, ensuring a cost-
effective and sustainable lighting solution. 

Closure: 

The second scene is characterized by a low-intensity environment, focusing on creating a cozy 
and intimate atmosphere. This approach uses non-uniform lighting with no peripheral lighting, 
aligning with Flynn’s principles of closure. 

Lighting Concepts and Luminaires: 

The concepts of spaciousness and closure create a versatile space adaptable to different retail 
scenarios. Flynn’s psychological principles, including uniformity, non-uniformity, high and 
low luminances, and peripheral lighting, guided the selection and placement of luminaires. 
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Track lights were strategically placed to highlight merchandise, while 2’x2’ panel LED 
luminaires provided general illumination. Cove lighting was used to enhance the perception of 
spaciousness by grazing the walls with light. 

Results 

Table A-1 is derived from the ANSI_IES_RP-2-20 standard for retail lighting  

 

The results of the lighting design project demonstrated that the proposed solution effectively 
met some of the vital design criteria as illustrated in the table below: 

Design Consideration Design Criteria Calculated results Criteria  

Psychological 
reinforcement 

Work of John Flynn (Spaciousness 
and Closure) 
Spaciousness: Uniform, peripheral 
(wall) lighting, higher luminances  
Closure: Nonuniform, No peripheral 
lighting, low luminances 

 The uniformity, 
peripheral and higher 
luminances were achieved 
for spaciousness as 
illustrated below. The 
closure was characterized 
by non-uniformity, no 
peripheral   

Illuminance (Visual 
performance, visual clarity) 

Ambient 

Vertical-15 fc 
 Closure 21.4 fc    

Spacious 34.4 fc  

Horizontal 40 fc 
 Closure 21.37 fc  

Spacious 53.1 fc  

Display 
200 fc max and 100 fc 
min 

 Closure 
Max:36.1 fc 
& Min:4.7 fc  

Spacious 
36.7 fc & 7 fc 
min  

Uniformity 
Vertical 

Circulation: 2.4:1.2:2.1 
Max:Avg:Min 

 Closure 7.7:5.2:1  

Spacious 2.4:1.7:1  

Horizontal -- 
 Closure - - 
Spacious - - 

Color rendering Ra ≥ 80 Ra > 80  

Biological needs of the 
sales personnel 

250 lux Melanopic EDI during the 
day  -  - 

Energy/Sustainability 
(Standard 90.1) 

0.78 W/ft2 and since it is a retail 
store, the energy wattage is 5.96 
W/ft2 as calculated in the appendix 

 Closure  0.755 W/ft2  

Spacious 1.350 W/ft2  
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Sales transaction area 
(Visual Task) 

Horizontal  

Max-40 fc 
 Closure 13.6 fc    

Spacious 63.3 fc  

Min-30 fc 
 Closure 12.7 fc  

Spacious 54.9 fc  

Max:Avg:Min 
2.4:1.2:1 

 Closure 1.1:1.1:1  

Spacious 1.3:1.2:1  

Visual comfort/Glare 
Glare control in retail spaces involves strategic placement and 
design of lighting to minimize direct glare and reflections   

 

The lighting design project aimed to implement the concepts of spaciousness and closure by 
following John Flynn's psychological principles. For psychological reinforcement, the design 
achieved uniform, peripheral, and higher luminances for spaciousness, while closure was 
characterized by non-uniformity and low luminances, meeting both criteria successfully. 

In terms of illuminance and visual clarity, ambient vertical illuminance was slightly below the 
target, with closure at 21.4 foot-candles (fc) and spaciousness at 31.32 fc, both missing the 15fc 
target. Ambient horizontal illuminance also fell short, with closure at 21.37 fc and spaciousness 
at 46.62 fc, not meeting the 40fc target. However, display illuminance criteria were not met, 
with closure achieving a maximum of 36.1 fc and a minimum of 4.7 fc, and spaciousness 
achieving 34.7 fc with a minimum of 7 fc. 

For uniformity, vertical circulation uniformity was slightly off-target in the closure scenario at 
7.7:5.2:1, but met the criteria for spaciousness at 2.5:1.7:1. The color rendering index exceeded 
the requirement of Ra ≥ 80, achieving Ra > 80. 

Biological needs of sales personnel, specified as 250 lux Melanopic EDI during the day, were 
not provided. Energy sustainability for closure was within the limit at 0.755 W/ft², but 
spaciousness exceeded the target with 1.35 W/ft². However, for retail lighting, the standard 90.1 
states that if additional lighting is required for displaying some artwork or merchandise, the 
space-by space method can be implemented. In this regard, the wattage in the spaciousness 
illustrating space complied with the standard 90.1. The statement is as follows: 

“Exception to 9.5.2.2: Other merchandise categories may be included in Retail Areas 2 through 4 
above, provided that justification documenting the need for additional lighting power based on visual 

inspection, contrast, or other critical display is approved by the authority having jurisdiction.” 

The detail calculations is illustrated in the appendix. 

In the sales transaction area, the horizontal illuminance for closure and spaciousness exceeded 
the maximum target of 40 fc, achieving 13.6 fc and 70.9 fc respectively. However, the minimum 
illuminance target of 30 fc was not met in the closure scenario, with only 12.6 fc, but was met 
in spaciousness with 54.7 fc. Vertical circulation uniformity was below target in the closure 
scenario but met in spaciousness at 1.1:1:1. 

Visual comfort and glare control results were not provided in detail but were part of the strategic 
design considerations to minimize direct glare and reflections in retail spaces. 

  



Lighting Design for the Built Environment I 

Table of Contents 
1. Cover Page 
2. Executive Summary 
3. Table of Contents 
4. Description of the Space 
5. Specification of the Design 
6. Appendix 

  



Lighting Design for the Built Environment I 

Description of the Space 
 

Geometry and Assumptions: 

The retail store is designed with dimensions of 16' x 14' x 12'. The ceiling height was reduced 
by 1 ft to incorporate a hypothetical ceiling for the cove lighting. The detailed layout is 
illustrated in the AutoCAD drawing. A wall thickness of 50 inches was provided to represent 
the architectural drawings, which are greyed out, reducing the overall length and width of the 
room by 1 ft each. However, this wall thickness was not implemented in AGi32. 

Assumptions about Furniture and Room Surfaces: 

The furniture dimensions were based on the room structure, with default colors for the coffee 
table and sofa. All shelves and walls were painted with upright and kickplate sections in a dark 
color (reflectance: 0.02). The room surfaces have reflectances of 80% for the ceiling, 50% for 
the walls, and 20% for the floor. The walls and ceiling are painted white, except for the section 
behind the sales desk, which features artistic design. The floor is covered with tiles. 

Purpose of the Room: 

The chosen space type is a retail store, necessitating a comparison between spaciousness and 
closure lighting for various performances. The lighting in this retail space, where items like 
shoes, clothes, and bags are sold, plays a crucial role in creating the right atmosphere and 
enhancing the customer's perception of the products. Each lighting setting serves a unique 
purpose: 

Ambient lighting is used for circulation within the retail premises, providing uniformity 
throughout the space. 

Accent or display lighting is crucial in highlighting and revealing the texture of the products. It 
is used in window displays to attract potential customers and on the shop floor to highlight 
merchandise on racks, influencing purchasing decisions. 

The design communicates the marketing strategy used by retail industries to attract customers 
and compel them to buy merchandise, thus increasing sales. High-quality, colorful, emotional, 
and energy-boosting light is used in window displays and shop premises to provide visually 
appealing products. 
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Prioritized List of Lighting Design consideration and Criteria 
Design Consideration Design Criteria 

Psychological 
reinforcement 

Work of John Flynn (Spaciousness and 
Closure) 
Spaciousness: Uniform, peripheral (wall) 
lighting, higher luminances  
Closure: Nonuniform, No peripheral lighting, 
low luminances 

Illuminance (Visual 
performance, visual clarity) 

Ambient 
Vertical-15 fc 

Horizontal 40 fc 

Display 200 fc max and 100 fc min 

Uniformity 
Vertical Circulation: 2.4:1.2:2.1 Max:Avg:Min 

Horizontal -- 

Color rendering Ra ≥ 80 
Biological needs of the sales 
personnel 

250 lux Melanopic EDI during the day 

Energy/Sustainability 
(Standard 90.1) 

0.78 W/ft2 and since it is a retail store, the energy wattage is 
5.96% as calculated in the appendix 

Sales transaction area (Visual 
Task) 

Horizontal 

Max-40 fc 

Min-30 fc 

Max:Avg:Min 2.4:1.2:1 

Visual comfort/Glare 
Glare control in retail spaces involves strategic placement and 
design of lighting to minimize direct glare and reflections 
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Specification of the Design 

AutoCAD Drawings 
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Luminaire Schedule 
Fixture 
Type 

Description Fixture 
(Manufacturers and 
Models) 

Light 
Source 

Total 
Delivered 
Lumens 

Fixt. 
Load 
(W) 

Driver Location / 
Use 

RDP Round dot 
pendant 

   
  Integral or 

Remote 

 

P Pendant (usually 
a discreet unit) 

T Track  
    

RFL Recessed Flush W Wall 
mounted 

    

P circular LED 
direct Pendant  

Prulite 
0-30-LED35-SO-
FWA-D1 

CCT: 
3500K, 
90+ CRI 

13790 lm x 1 
piece 

76 W  Remote Decorative 
lighting 

W Cove Lighting, 
Linear wallgraze, 
variable length. 
7.5” long along 
the length of the 
room and 6.2’ 
along the wide.  

Interlux, 20 Linear 
Perimeter Regressed 
and Wallgraze 
 
WG-20LPR-RBT-S-
48_-P3-935-X-OD-W 

CCT: 
3500K, 
90+ CRI 

 3792 lm x 8 
pieces 

80 W L1 DALI, remote 
perimeter 
lighting 

T 
Track Light, 3.3” 
diameter  
Adjustable 
housing with 0-
90° tilt and 360° 
rotation, with 20 
deg beam angle 

3G lighting 
3G-SDL33RA-15-
S80-35K-20D 
Housing: Extruded 
aluminum, 
Lens:Proprietary 
anodized, aluminum 
reflectors 

CCT: 
3500K, 
CRI: 80+ 

Lument 
output:1500 
lm x 16 pieces 
with 3 in 
spacious space 
and 13 in 
closure  

180.7 W 

1% dimming 
standard with 
several integral 
driver options, 
remote 

accent 
lighting 

RFL 

Panel LED, 
Recessed panel 
luminaire, 2’x2’ 

Exislighting 
IES FILE: SKFLED-
22-3000-80-35-F 
Housing: Die formed 
cold rolled sheet steel 
(20 gauge). 
Lens: Frosted acrylic 
lens  

CCT: 
4000K, 90 
CRI 

2878 lm x 4 
pieces 

131.2 W 
0-10V - 1% 
Standard Lutron 
Bi-level dimming 

General 
Lighting 

RDP 
Pendant Light, 
Decorative 
Pendant, 5” wide 
and 37” diameter 

Prulite 
RDP-6-LED35-HO-
NU-UNV-ND 

 
 LED4 
4000K, 
90 CRI 

1325 lm x 1 
piece 

20.2 W 

SODA 0.1% 
DALI, EldoLED 
(Dim-to-dark, 
Logarithmic 
dimming std) 

general 
lighting 
and sales 
desk 
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Controls Narrative 
The lighting scenes and schedules were thoughtfully designed, although it was impossible to 
implement this in AGi32 software to create animations. The control system designed allows for 
adjusting the concepts of spaciousness and closure within the same store. For example, the 
shopping experience can be enhanced by providing spaciousness from 8 am to 4 pm with bright 
light, then from 4 pm to 10 pm, dimming the lights or switching off some luminaires, such as 
the panel luminaires, leaving only the track lights and the counter light.  

Two separate designs were made in the current project. The general lighting in the sales area is 
automatically controlled using the DALI control system according to the standard 90.1, which 
states that “the sales area should be automatically controlled to reduce the lighting by a 
minimum of 75% during non-business hours; turn off the other lighting system except the 
general lighting during non-business hours; and dim the lighting if sufficient daylight is 
available.” Although no windows were incorporated in the design, the southern façade is 
entirely made of glass to allow sufficient daylight penetration. Sales personnel can use a manual 
switch to control their lighting scenes and turn off the lights after closing at 10 p.m. 

Cut Sheets 
The luminaire types are labelled on each page of the luminaire specification using red color. 

Summary of the luminaires used in the project and their specification sheets 

  Quatity 
This was used in the sales transaction area as 
decorative and task lighting luminaire in 
space illustrating spaciousness 

 

1 piece 

Used for peripheral lighting in space 
illustrating spaciousness 

 

8 pieces 

Use for highlighting the merchandise in both 
spaces 

 

13 pieces in the 
closure expressing 
store and 3 in 
spaciousness 

Use for general lighting in space illustrating 
spaciousness 

 

4 pieces 

Use in the space illustrating closure at the 
sales transaction area for both task and 
decorative lighting 

 

1 piece 
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SKFLED-22-4000-80-35-F 
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Appendix 
Assumptions and Procedures 

Programming 
Setting the objectives with considerations for psychological reinforcement, illuminance, 
uniformity, energy sustainability, color rendering, biological needs, visual tasks, and 
compliance with codes and standards. In this step, goals were set to determine how the space 
should feel. 

Schematic Design 
Addressing questions about light sources, directions, distribution, placements, and room 
materials. This step was initially implemented using hand sketches of the desired scenes. It is 
crucial to consider the transformative aspect of light: how will the lighting support and reveal 
the true texture of the merchandise in the store? Brightness and dimness areas were determined 
to understand how the lighting distribution would be implemented. 

In the first iteration of my programming and schematic design, I included luminaires and 
describing the types of luminaires I need. However, after getting feedback from the professor, 
I sketched the second diagram below. In addition, the closure scenario was not well illustrated 
using shadows, but in the second iteration, the shadows were more pronounced. 

First iteration 

   

Second iteration 

Spacious Closure 
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Design Development 
The lighting design process involved detailed computer modeling, equipment selection, 
calculations, and implementing programming and schematic design goals. This precision 
ensured that once the lighting direction and distribution were determined, the ideal luminaire 
could be chosen to execute the schematic design and programming decisions. For the retail 
store, track lights were used to highlight merchandise and display windows effectively. The 
concept of spaciousness is characterized by uniformity, peripheral lighting, and high intensity. 
Perimeter lighting, as suggested by John Flynn, was essential to wash out the wall and bring 
uniformity to the space. General lighting was provided using 2'x2' LED panels for their 
efficiency and aesthetic appeal. Pendant luminaires were strategically placed for decoration in 
both closure and spacious spaces. 

Simulations 
Running AGi32 simulations to optimize lighting solutions, ensuring they meet psychological 
and functional criteria. We can appreciate the simulated spaces below. 

 

 

Vie
w 

Spaciousness Closure 

 

 
Front 
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South 
west 
 

South 
east 
 

Right 

 

    

Horizontal illuminance for spacious and closure spaces 
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Vertical illuminance of the North shelves for spacious and closure spaces 

Energy Consumed, LPD for the rooms and some surfaces calculated values. 

 

 

 

Spaciousness 

Closure 
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ANSI/ASHRAE/IES Standard 90.1 (version 2019) 

Computing lighting power allowance with space-by-space method for retail store 

9.6.1 Space-by-Space Method of Calculating Interior Lighting Power 
Allowance  

Space 
Gross 

Lighted 
Area (ft2) 

LPD (Watts/ft2) 
Pwr Budget 

(Watts) 

Sales Area 224 1.05 235 
Subtotal = 235 

  

9.6.2 Additional Interior Lighting Power  

b. Lighting equipment installed in sales areas  
= 1000 W + (224) (0.45)   Subtotal = 1,101 
        

Power Budget (Watts) = 1,336 
Unit Power Density (Watts/ft2) = 5.96 

 

Limitations of the Design 

The design has several limitations. The selected luminaires are not energy efficient for a small 
room. Specifically, the luminaire used for decoration has a very high-power consumption of 
around 76 W. Additionally, for a room size of 16' x 14', the number of luminaires used is 
relatively higher than normal. Based on feedback from the professor, I decided to reduce the 
number of luminaires in both spaces. 

Future Considerations 

Before starting any future projects, I aim to improve my organizational and design steps, as I 
wasted unnecessary time in the simulation phase due to inappropriate luminaire selection. Time 
management is another issue I need to address for future lighting design procedures. The initial 
decisions made before starting the project should be adhered to more strictly. Although it is 
possible to change some aspects of the design during the simulation phase, not all conditions 
should be altered. This led to a significant amount of time spent on simulations, although it did 
help me learn new features of the AGi32 software. 
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Project Timeline 
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