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Executive Summary_______________________________________________________ 

The purpose of this report is to propose an improved design for the Denver Police Department Crime Lab.  The 
report breaks down into lighting and electrical depths, as well as construction and structural breadths. 
 
In the lighting portion of this report, a redesign of four different spaces is performed.  The spaces are embodied 
by the concept of “Identity,” which is touched upon in the summary of each space.  The spaces: the Lobby, the 
Main DNA Lab, the Multipurpose Room, and the South Plaza are described and overviewed, including dimensions, 
materials and typical furnishings for the space.  Design criteria, both qualitative and quantitative, are established 
using the IES Lighting Handbook, 10th Edition and 2012 IECC.  The final design showcases the fixture schedule, 
reflected ceiling plans, and renderings for each space.  Lighting calculations, performed via Revit 2015’s plugin 
ElumTools are reviewed and discussed as to whether they met the initial design criteria.  A summary located at 
the end of each section brings together the criteria and calculations along with the concept to wrap up each space. 
 
The electrical depth contains a branch circuit redesign, a fire alarm integration analysis and the implementation 
of a photovoltaic array on the roof of the Crime Lab.  The branch circuit redesign analyzes the panelboards that 
contain the existing and new lighting loads for the four spaces designed in the lighting breadth.  The new lighting 
loads were calculated and each fell within the maximum load per circuit, 16 kVA.  This meant that a new design 
of the branch circuits was not necessary.  As for the fire alarm integration, it proved uneconomical to install as a 
redesign.  A building undergoing new construction could greatly benefit from Power over Ethernet cabling, but a 
retrofit would have great labor and material costs.  The photovoltaic array located next to the penthouse on the 
Denver Crime Lab roof would supply over 160,000 kWh a year, but the system cost of $650,000 would null the 
payback period.  A full analysis of the array was performed with the National Renewable Energy Lab’s System 
Advisor Model (SAM). 
 
Within the construction breadth, an analysis of the cost and construction schedule for the photovoltaic array are 
performed.  Using RS Means Green Building 2015, the total cost of the PV installation came to nearly $830,000.  
This cost, which was a $180,000 increase from the SAM estimated cost, includes exact material and labor data.  
The duration times for the installation were taken for the RS Means Cost Data and the project would take 
approximately one month.  Also within the construction breadth is an energy analysis of the existing and new 
fixtures within the building.  Using Denver’s commercial utility rate of $0.06/kWh, around $600 are saved a year 
by implementing the new fixtures.  
 
The structural breadth takes into account the added weight of the photovoltaic array on the existing roof systems.  
The entire array takes up most of the east side of the roof, and is supported by roof and composite deck.  After 
performing structural calculations on the amount of PSF the decks could support, it was discovered that the PV 
array would be more than well supported atop the existing roof. 
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Figure 1.1 (above)  
Bird’s Eye View of Site 
Diagram via SmithgroupJJR 
 
Figure 1.2 (right) 
Perspective View from Southeast 
Corner of Plaza 
Photograph via SmithgroupJJR 

Building Overview 
 
All 60,000 SF of the Denver Police Department Crime Lab serve the public of Colorado through proper and 
thorough forensic investigation.  Neighboring the lab in downtown Denver is the Police Department and 
Department of Safety, along with several other government buildings.   The building itself houses many facilities 
such as conference rooms, a multipurpose room, open offices, and various laboratories that allow their users to 
be able to work efficiently and effectively.  Architecturally, the crime lab showcases a unique façade that was 
modeled after a double helix, or DNA molecule.  This contemporary look continues on the interior of the building, 
where distinctive ceiling systems and modern labs are present.   
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Figure 1.3   
Perspective view from Northeast Corner 

Rendering via SmithgroupJJR 
 

Building Overview_________________________________________________________ 
 

B u i l d i n g   S t a t i s t i c s  
 

Building Name:  Denver Police Department Crime Lab 

Location and Site: 1371 Cherokee Street, Denver, CO 80204 

Building Occupant Name: Denver Police Department 

Occupancy or Function Types: Laboratory 

Classification: B, A-3 

Size: 60,000 GSF 

Stories: 3 

Dates of Construction: March 2011 – July 2012 

Actual Cost Information: $28 million 

Project Delivery Method: CM at Risk 

 

P r i m a r y   P r o j e c t   T e a m   
 

Owner: Denver Police Department 

General Contractor and Construction Management: JE Dunn 

Architect: Durrant 

Design Architect and Engineer, Lab Planner: SmithGroupJJR  

Electrical Engineer: Scanlon Szynskie Group 

Mechanical Engineer: Gehring and Associates 

Structural Engineer: MNA 

Civil Engineer: S.A. Miro, Inc.  
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Figure 1.4   
Double-helix Façade from Northwest Corner 

Rendering via SmithgroupJJR 
 

Building Overview_________________________________________________________ 
 
Z o n i n g 
 
The district the lab is located in is titled D-GT (Downtown Golden Triangle). Neighborhoods within this district are 
housing, office, commercial, retail and mixed use.  The maximum height for buildings in this vicinity is 175 feet above 
the elevation of Broadway St. 
 

M a j o r   N a t i o n a l   M o d e l   C o d e s  
 
IBC 2006 | IMC 2006 | IPC 2006 | NEC 2005 | IFC 2006 | IECC 2006 
 

H i s t o r i c a l   R e q u i r e m e n t s 
 
There are no historical requirements. 
 

B u i l d i n g   E n c l o s u r e 
 
Façade 
  
A mixture of cladding systems makes up the building envelope 
of the crime lab.  There are aluminum curtain walls, and 
precast concrete and composite metal panels. The structure 
itself is steel frame with composite and concrete decking.   
 

Glazing 
 
The glazing on the structure consists of four different glasses: 
spandrel, vision, frosted, and gradieted frit. 
 

Roofing  
 
Single Ply Membrane Roofing System from Everguard TPO.  This light grey colored membrane is smooth type, polyester 
scrim reinforced thermoplastic polyolefin.  This thermoplastic roofing does not allow water penetration and has a UL 
Class A fire rating.   
 

S u s t a i n a b i l i t y   F e a t u r e s  
 
Falling under LEED Gold for New Construction, the Denver Police Department Crime Lab has multiple sustainable facets.  
Water usage in the building was reduced by using low-flow fixtures.  In addition to this, 20% of the materials in the 
building are recycled.  Listed below are some other features that were placed into the building to achieve the LEED Gold 
rating: 
 

 Heat Island Effect 
 Light Pollution Reduction 
 Water Efficient Landscaping 
 Construction Waste Management 
 Daylight and Views 
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Building Overview_________________________________________________________ 
 
P r i m a r y   E n g i n e e r i n g   S y s t e m s 
 
Lighting 
 
The Denver Police Crime Lab is primarily lit with fluorescent fixtures.  Direct/indirect pendant luminaires light the 
laboratories and open offices, while recessed, narrow luminaires are common in the hallways, and troffers in small, 
enclosed offices.  Compact fluorescent downlights serve as support for rooms and corridors.  The lighting is controlled 
through passive infrared and dual technology occupancy sensors, and dual-level switching.  Daylight is largely used to 
light the lobby and atrium, as well as give the building a more “natural” feel in the lab and corridor spaces. 
 

Electrical 
 
The primary service enters the crime lab through a transformer vault in the basement.  From here, it is stepped down 
to 480/277V and distributed by a 2500A switchboard throughout the building.  There are transformers located on all 
levels to bring the voltage down to 208/120V for lighting, receptacles, and small equipment.  There is a diesel generator 
on the western exterior of the building that will turn on via the use of automatic transfer switches.  A UPS on the third 
floor backs-up security, telecommunications, and data within the building. 
 
Mechanical 
 
Air distribution throughout the building is performed by two air-handling units located in the penthouse.  These units 
supply a total of 90,000 CFM to the lab.  The laboratories are equipped with exhaust fans that bring any contaminants 
up to the penthouse.  There is also an exhaust energy recovery system that serves the laboratory ductwork.  These 
systems are all variable air volume.  
 

Structural 
 
The lab is composed of a moment resisting frame system with a slab-on-grade foundation.  Columns, beams, and girders 
are structural steel while the flooring is concrete.  The wide flange columns that support the building are 12-0” deep or 
14-0” deep.  The majority of steel beams supporting the floors are W27x94.  Girders are typically W24x62 and W37x84.  
The floor slabs are mainly 4-1/2” normal weight concrete on 2-0” deep 16 gage composite floor deck.  The mechanical 
yard, which exists in the penthouse, contains a slab of 6-0” normal weight concrete on 2-0” deep 20 gage composite 
deck.  Roof deck is 1-1/2” deep 20 gage type B deck.  Balconies have depressed slabs.   
 

Construction 
 
The project delivery method that was used was CM at-risk, and construction was performed by JE Dunn.  The lab was 
constructed from March 2011 to July 2012.  Upon completion, the building came to $28 million and obtained LEED 
Gold. 
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Lighting Depth____________________________________________________________ 

 
C o n c e p t 
 
The people of the Denver Crime Lab are constantly researching, studying, and analyzing evidence.  Their work 
leads to the solution of a case, the conviction of a criminal, and the peaceful mind of a victim.  What the employees 
are ultimately doing is discovering someone’s  I D E N T I T Y.  It could be a drop of blood left at a crime scene, a 
physical feature observed by a witness, or a fingerprint on a murder weapon.  All of these components are ways 
to discover a person’s identity.  This concept, along with the architecture and function of each space influence the 
lighting design. 
 
 
 
 
 
 
 
 
 
 
  
 

L o b b y 
 
Space Overview 
 
As the main entrance space, and first visually impactful room in the crime lab, the lobby should be aesthetically 
pleasing.  The lobby stretches from the south to north end of the building, with occupants entering through the 
south.  Within the lobby are two atriums that carry through the three stories of the building and accommodate 
corridors.  An elevator and large staircase help transition employees throughout the building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 2.1 | First Floor Plan 
Lobby Location with North and South Atrium 
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Figure 2.2 | Lobby Section through South Atrium 

Table 2.1 | Lobby Task Illuminance 

Table 2.2 | Lighting Power Density 

 
Space Overview (continued) 
 
The section in Figure 1.5 shows the extent of the lobby atrium, as 
well as the corridors that look out into the space.  Below are some 
of the space logistics for the lobby. 
  

Dimensions 
 Area | 1903 ft2 
 Ceiling Height | 12’-0,” 46’-0” 
 Room Length | 71’-0” 

Room Width | 51’-0” 
 

Materials 
 Ceiling | Perforated Metal Panels 
 Walls | Gypsum, Composite Panels, Wood Panels 
 Floor | Terrazzo, Carpet 
  

Furnishings 
 Chairs + Couches + End tables 
 Reception Desk 
 
 

  
Criteria 
 
The lobby mainly functions as a transition space, with a reception desk near the entrance.  However, there is 
seating for leisure activities.  In the IES Lighting Handbook, 10th edition, the task illuminances are as follows: 

 
 

Task Eh (lux) Ev  (lux) Avg:Min 
Transition    
     Day 
     Night 

100 
50 

30 
20 

4:1 
4:1 

Reception 150 50 4:1 

Lounge 150 50 2:1 

 
The lighting power density for the space is defined by IECC 2012, and the recommended values for the space can 
be seen in Table 2.2. 
 

 
Space Allowance (W/ft2) 
Lobby 1.10 

 
Since the lobby is the first thing you see upon entering the building and remains lit twenty-four seven, it is 
important for it to appear welcoming and bright.  The light should create visual interest for visitors and employees 
alike.  With so much illuminance, power density may be an issue so it will be vital to use fixtures with lower input 
wattages.  The light should also assist visitors in transitioning through the space. 
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Table 2.3 | Lobby Fixture Schedule 

 
Design 
 
The design for the lobby is meant to create visual interest for the employees and visitors, while drawing them to 
where they need to be.  That beign said, the lobby has the most diverse set of fixtures.  Table 2.3 lists all of the 
fixtures that assisted in creating this design.  It is used in conjunction with the reflected ceiling plans (Figures 2.3a 
and 2.3b) on the following page.  In addition, the Lobby is controlled by dimming switches located behind the 
reception desk. 

 
 

 
 
 
 
 

Type Tag Description Manufacturer Model Lamp 
Input 

Wattage 
Input 

Voltage 
Notes 

 
DL1 

LED 6” APERTURE 
DOWNLIGHT.  3200 LM 
OUTPUT. 

ZUMTOBEL 
BR6DLED2-N-
46W-835-M5-DH2 

LED 3500K, 
85CRI 

44.8 W 277 V 
LUTRON HILUME A 
SERIES DRIVER. 

 

PL1 

LINEAR LED DIRECT/INDIRECT 
4’-0” PENDANTS.  ARRANGED 
IN A 8’-0” BY 4’-0” 
RECTANGLE ABOVE 
RECEPTION. 

AXIS LIGHTING 

BBDILED-B3-640-
320-40-SO-4-
MR16LED-AP-277-
D-1 

LED 4000K, 
>80CRI 

34.4 W 277 V 

LUTRON HILUME 
DRIVER. WATTAGE 
FOR ENTIRE 
FIXTURE IS 206.4 
W.  BBPAT-REC-
90-24-EX-LED-AP 
FOR CORNERS. 

 
RL2A 

LUMISHEET LED LIGHT PANEL 
12”x3.”  PART OF DNA WALL. 

EVO-LITE 
LLP12-12X3-NW-
SFI-WL15-L1 

LED 4100K, 
>80CRI 

2 W 277 V 

 
79 RL2A PANELS 
ARE USED WITHIN 
THE DNA WALL. 
DIMMABLE 
MAGNETIC 
TRANSFORMER. 

 
RL2B 

LUMISHEET LED LIGHT PANEL 
12”x5.”  PART OF DNA WALL. 

EVO-LITE 
LLP12-12X5-NW-
SFI-WL15-L1 

LED 4100K, 
>80CRI 

2 W 277 V 

 
48 RL2B PANELS 
ARE USED WITHIN 
THE DNA WALL 
.DIMMABLE 
MAGNETIC 
TRANSFORMER. 

 
RL2C 

LUMISHEET LED LIGHT PANEL 
12”x8.”  PART OF DNA WALL. 

EVO-LITE 
LLP12-12X8-NW-
SFI-WL15-L1 

LED 4100K, 
>80CRI 

3 W 277 V 

 
33 RL2C PANELS 
ARE USED WITHIN 
THE DNA WALL.  
DIMMABLE 
MAGNETIC 
TRANSFORMER. 

 
RL2D 

LUMISHEET LED LIGHT PANEL 
12” WIDE.  RECESSED INTO 
METAL PANELS TO CREATE 
LINE OF LIGHT ALONG 
CORRIDOR. 

EVO-LITE 
LLP12-12X600-
NW-SFI-WL15-L2 

LED 4100K, 
>80CRI 

200 W 277 V 

RADIO 
FREQUENCY 
REMOTE 
CONTROLLED 
DIMMING. 

 PF1 STICK T5 8’-0” BARE LAMP 
DELRAY 
LIGHTING INC. 

ST48228-2-DPB-
SD8 

2 (T5) 
4100K, 
85CRI 

63 W 277 V 
LUTRON HILUME 
DIMMING 
BALLAST 

 
RL3A 

LIGHT FIELD LED RECESSED 
1X1 FOOT FIXTURE.  1300 LM 
OUTPUT. 

ZUMTOBEL 
LFULED-11-20-
K40-MP-DH2-WF 

LED 4000K, 
85CRI 

20 W 277 V 
LUTRON HILUME A 
SERIES DIMMING 
DRIVER 
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Figure 2.3a | Reflected Ceiling Plan 
Lobby Level 1 

Figure 2.3b | Reflected Ceiling Plan (above) 
Lobby Level 3 

 

Figure 2.4 & 2.5 | Section View & DNA Fingerprint 
Wood Paneled Wall with DNA design 

This design incorporates LED panels of three different 
sizes to achieve the DNA Fingerprint look. 

 

 

Design (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DL1 

DL1 DL1 

DL1 

PL1 

RL2A, 

RL2B, 

RL2C 

RL2A, 

RL2B, 

RL2C 

RL2D 

RL2D RL2D 

PF1 

PF1 
PF1 

PF1 

PF1 

RL3A 
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Figure 2.6 | Lobby Perspective Rendering 
Facing Wood Wall 

Figure 2.7 | Lobby Perspective Rendering 
Reception and Entrance 

 
Renderings 
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Figure 2.8 | Lobby Perspective Rendering 
DNA Pendant from Base of Staircase in North Atrium 

Figure 2.9 | Worm’s Eye Rendering 
DNA Pendant in North Atrium 

Figure 2.10 | Lobby Perspective Rendering 
DNA Pendant from the Second Floor 

 
Renderings (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  F i n a l  R e p o r t  | |  P a g e  11 

 

Table 2.4 | Summary of Quantitative Data 

Table 2.5 | Light Loss Factors 

Figure 2.11 | Psuedocolor 
Lobby calculation in ElumTools 

A readable illuminance calculation can be found in Appendix B. 

 
Calculations 
 
A calculation was performed using ElumTools in Revit 2015.  The average illuminance for the space was 206 lux 
which meets all of the design criteria.  The Average/Min ratio also is close to the 4:1 ratio recommended in the 
IES Handbook, 10th Edition.  Reference Table 2.4 for a summary of all calculated data including power density.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Space Avg. (lux) Max.  (lux) Min. (lux) Avg/Min. LPD (W/ft2) 
Lobby 206 503 56 3.7:1 1.00 

 
 

 
Luminaires LLD* LDD BF** LLF 
DL1 0.7 0.89 - 0.62 
PL1 0.7 0.94 - 0.66 
RL2A 0.7 0.89 - 0.62 
RL2B 0.7 0.89 - 0.62 
RL2C 0.7 0.89 - 0.62 
RL2A 0.7 0.94 - 0.66 
PF1 0.93 0.89 1.0 0.83 
RL3A 0.7 0.94 - 0.66 

*LLD for all LED fixtures has been determined as 0.7 per L70.   
**Ballast Factor information can be found in Appendix C.  
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Figure 3.1 | Second Floor Plan 
Main DNA Lab Location 

 

 
Summary 
 
Just as a strand of DNA becomes the genetic material of a person’s beginning, the Lobby represents the start of 
the building and is truly its core.  When walking into the Denver Crime Lab, a visitor is immediately drawn to the 
reception desk, which is brightly illuminated.  From there, one can be guided to the elevator or corridors through 
recessed linear LED panels that create a line of transition.  However, one may be drawn to the exposed staircase 
via the DNA fingerprint design incorporated in the wood-paneled wall.  This LED design is intended to be eye-
catching, and can be seen upon turning away from the reception desk.  In contrast to the wall, there is a DNA helix 
inspired pendant that hangs in the North Atrium above the lounge.  The helix, which is composed of bare 
fluorescent lamps represents the older idea of DNA whereas the LED DNA wall represents the leaps technology 
has made in crime investigation and lamp type together.   
 
This lighting design accomplishes the initial criteria of creating a space that can easily by transitioned through.  In 
addition, the recommended illuminance levels were achieved as well as a power density that falls 0.10 W/ft2 below 
the 2012 IECC value. 
 
 

M a i n   D N A   L a b  
 

Space Overview 
 
The lab is located on the second floor in the southwest corner of the building.  This is where the majority of 
labwork is done and occupants need a bright, uniformly lit space.  The DNA Lab is a mostly rectangular room with 
rubber tiles, a 10’-0” ACT ceiling and 12’-0” gypsum ceiling near the windows.  With the south walls consisting of 
glazing, a lot of daylight fills the space.   
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Table 3.1 | Main DNA Lab Task Illuminance 

Figure 3.2 | Transverse Section 
Main DNA Lab  

 

Table 3.2 | Lighting Power Density 

 

Space Overview (continued) 

 
Dimensions 

 Area | 2041 ft2 
 Ceiling Height | 10’-0,” 12’-0” 
 Room Length | 52’-6” 

Room Width | 39’-0” 
 

Materials 
 Ceiling | 2’x2’ Acoustic Ceiling Tile, Gypsum 
 Walls | Gypsum 
 Floor | Seamless Rubber Tile 
  

Furnishings 
 Counters 
 Cabinets 
 Lab Tables 
  

Criteria 
 
Since the labs can be occupied until 3 AM at night, it will be important for the fixtures to maintain consistent 
luminous task lighting.  The lab is to be brightly illuminated, much like the physical features of a suspect’s profile.  
Task is very important for the lab, so by creating a visually clear area for the technicians to work in, a safe 
environment will be maintained.  In addition, the lamp type must remain fluorescent as to not interfer with the 
equipment used in the lab.  The main fixtures in the lab will be equipped with dimming ballasts so that when large 
amounts of daylight are in the lab, the level of light can be adjusted to what the employee’s deem adequate. 
 
In the IES Lighting Handbook, 10th edition, the task illuminances are as follows: 

 
 

Task Eh (lux) Ev  (lux) Avg:Min 
Laboratory 500 150 2:1 

 
 
The lighting power density for the space is defined by IECC 2012, and the recommended values for the space can 
be seen in Table 3.2. 

 
 

Space Allowance (W/ft2) 
Main DNA Lab 1.8 
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Table 3.3 | Main DNA Lab Fixture Schedule 

Figure 3.3 | Reflected Ceiling Plan 
Main DNA Lab  

 

 
Design 
 
The Main DNA Lab is designed to achieve high illuminance levels while maintaining a uniform appearance.  Table 
3.3 lists all of the fixtures that assisted in creating this design.  It is used in conjunction with the reflected ceiling 
plan (Figure 3.3) below.  The lab is also required to have an occupancy sensor with a 30 minute time delay via  the 
IECC 2012. 

 
 

 

 
 

Type Tag Description Manufacturer Model Lamp 
Input 

Wattage 
Input 

Voltage 
Notes 

 
RF1 

P43 RECESSED 
FLUORESCENT FIXTURES 
LOCATED NEAR WINDOWS. 

PRUDENTIAL 
P43-1T5-04-TMW-
D1-SC-277-X3B-
DM 

(1) T5 4100K, 
85CRI 

32 W 277 V 
OSRAM SYLVANIA 
0-10V DIMMING 
BALLAST. 

 

PF2 

LINEAR FLUORESCENT 
DIRECT/INDIRECT 4’-0” 
PENDANTS.  ARRANGED IN 
“L” SHAPE WITH 90 DEGREE 
CORNER. 

AXIS LIGHTING 
BB-F-NO-4-EX4-
T5HO-1-1-W-277-
D-1-D 

(2) T5HO 
4100K, 85CRI 

117 W 277 V 

OSRAM SYLVANIA 
100-1% DIMMING 
RANGE 
QT2X54/277PHO-
DIM BALLAST.  
SUSPENDED AT 
2.5’ 

 
RF2 

LIGHTLINE RECESSED 
SYMMETRIC PERIMETER 
FIXTURES. 

PEERLESS 

LSR9-G-1-28T5-
LDL-U4-277-
OSDIM-LP841-
C200-FLNGW 

(1) T5 4100K, 
85CRI 

32 W 277 V 
OSRAM SYLVANIA  
0-10V DIMMING 
BALLAST. 

PF2 PF2 PF2 

PF2 PF2 PF2 

RF2  

RF2  

RF2  

RF1  RF1  
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Figure 3.4 | Revit 2015 Rendering 
Perspective View from Entrance 

 

Figure 3.6 | Revit 2015 Rendering 
Perspective View from Southwest Corner 

 

Figure 3.5 | Revit 2015 Rendering 
Perspective View from Middle Aisle 

 

 
Renderings 
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Table 3.4 | Summary of Quantitative Data 

Figure 3.7 | Psuedocolor 
DNA Lab calculation in ElumTools 

A readable illuminance calculation can be found in Appendix B. 

Table 3.5 | Light Loss Factors 

 
Calculations 
 
A calculation was performed using ElumTools in Revit 2015.  The average illuminance for the space was 575 lux 
which meets the design criteria of 500 lux.  In addition the Average/Min illuminance ratio is close to the 2:1 ratio 
recommended in the IES Handbook, 10th Edition.  Reference Table 3.4 for a summary of all calculated data.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Space Avg. (lux) Max.  (lux) Min. (lux) Avg/Min. LPD (W/ft2) 
Main DNA Lab 575 1084 167 3.4:1 1.02 

 
 

 
Luminaires LLD* LDD BF** LLF 
RF1 0.93 0.85 1.0 0.79 
RF2 0.93 0.85 1.0 0.79 
PF2 0.93  0.90 1.0 0.84 

*LLD for all LED fixtures has been determined as 0.7 per L70.   
**Ballast Factor information can be found in Appendix C.  

 

Summary 
 
In the Main DNA lab, direct/indirect pendants create a uniform layer of light for the task plane.   Placed in an “L” 
formation, these shapes are intended to look like they are framing the areas underneath them, much like one 
narrows down suspect’s profiles in a criminal investigation.   Wall-washers along the north, east and west walls 
balance the daylight coming in through the south glazing while providing task light for the counter space.  The 
intended design achieves an impression of spaciousness and visual clarity by keeping the perimeters brightly lit 
and maintaining uniform light across the space. 
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Figure 4.2 | Second Floor Plan 
Multipurpose Room Location 

 
Summary (continued) 
 
This space falls beneath the IECC 2012 value of 1.8 W/ft2, with an achieved value of 1.02 W/ft2.  The average 
illuminance level recommended by the IES Handbook, 10th Edition were met.  The illuminance maximum was high, 
but since this space is a lab, brighter levels may be wanted.  The pendant fixtures are also powered through a 
dimming ballast so occupants can adjust the light levels as needed.  Although the Average/Minimum ratio was not 
met, the 3.4:1 ratio is relatively close to the guideline of 2:1.  This is much improved from the original design for 
the lab, which was 11:1.   

 
 
M u l t i p u r p o s e   R o o m 
 
Space Overview 
 
In the northeast corner of the Denver Crime Lab’s second 
floor is the multipurpose room, where lectures and 
meetings occur.  The ceiling system is composed of 2’x2’ 
wood panels and slopes (see Figure 4.1).  In addition, the 
floor terraces to create optimal viewing.  Gypsum wall 
board makes up the walls in the multipurpose room while 
carpet is present on the floor.  This space also contains an 
Audio/Visual system to use for presentations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Figure 4.1 | Transverse Section 
Multipurpose Room Sloped Wood Ceiling 
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Table 4.1 | Multipurpose Room Illuminance 

Table 4.2 | Lighting Power Density 

  

Space Overview (continued) 
 
Dimensions 

 Area | 2287 ft2 
 Ceiling Height | Various heights (Reference Figure 4.3) 
 Room Length | 71’-0” 

Room Width | 32’-0” 
 

Materials 
 Ceiling | Wood Laminate Panels, Gypsum  
 Walls | Gypsum 
 Floor | 1’x1’ Carpet Tile 
  

Furnishings 
 Long Table + Chairs 
 Podium  
 Projection Screens 
 

Criteria 
 
The multipurpose room is a very functional room, so it will be vital to create a space that has fixtures that are 
adjustable.  Since it functions as an emergency center and an A/V room, high and low light levels will be desired.    
Manual dimming would also benefit this space to accommodate any emergency situations. 
 
The multipurpose room can be used as a training room, lecture area, and emergency command center.  In the 
IES Lighting Handbook, 10th edition, the task illuminances are as follows: 

 
 

Task Eh (lux) Ev  (lux) Avg:Min 
Reading & Writing 300 150 2:1 
A/V 50 15 2:1 

 
The lighting power density for the space is defined by IECC 2012, and the recommended values for the space can 
be seen in Table 4.2. 

 
 

Space Allowance (W/ft2) 
Multipurpose Room 1.3 

 
Design 
 
When investigating a case, the subject will take on the identity of the victim or the suspect.  The victim is often, 
naïve, pure and innocent.  The multipurpose room will have linear fixtures that stretch from the back to the front 
of the room, basking the long desks in light.  The perimeter walls will have wall-washers to embrace the 
participants with light.   This is to create the feeling of a public space, one that is spacious and safe.  For the 
presentation mode, the room will take on the concept of the suspect.  Controls will allow the fixtures to be 
dimmed and a somber mood will take over the room.  An angled downlight will shine light on the presenter, 
illuminating their features.  This lighting design creates a dark atmosphere with the majority of light being on the  
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Table 4.3 | Multipurpose Room Fixture Schedule 

 

Design (continued) 

presentation board.  This allows the employees to focus on their lecture and lecturer.  An occupancy sensor with 
a time delay of 30 minutes will also be located in the center of the room.  In order to achieve this design, the 
fixtures located in Table 4.3 were used.  The fixture schedule should be viewed with the Reflected Ceiling Plan 
(Figure 4.3) located further down the page.  

 

 

 
 

Type Tag Description Manufacturer Model Lamp 
Input 

Wattage 
Input 

Voltage 
Notes 

 
RL3B 

LIGHT FIELD LED RECESSED 
1X1 FOOT FIXTURE.  1300 
LM OUTPUT. 

ZUMTOBEL 
LFULED-11-24-
K40-MP-DH2-WF 

LED 4000K, 
85CRI 

24 W 277 V 
LUTRON HILUME A 
SERIES 0-10V 1% 
DIMMING DRIVER. 

 
RL4 

P43 RECESSED LED 8’-0” 
FIXTURES INSTALLED IN 
WOOD PANELED CEILING 
VIA CUTS.  3000 LM 
OUTPUT. 

PRUDENTIAL 
P43LED4SO-R08-
SAL-YPE-D1-SC-
UNV-X3B-DM01 

LED 4000K, 
87CRI 

78 W 277 V 
LUTRON HILUME A 
SERIES 0-10V 1% 
DIMMING DRIVER. 

 
WW1 

LIGHTLINE RECESSED 
WALLWASH PERIMETER 
FIXTURES. 

PEERLESS 

LWR9-G-1-14T5-
LDL-U4-277-ADZT-
LP841-C200-
GEB10 

(1) T5 4100K, 
>80CRI 

17 W 277 V 

LUTRON HILUME A 
SERIES 0-10V 1% 
DIMMING DRIVER. 
3 WIRE LINE VOLT. 

 
DL2 

IRIS LED WALLWASH 
DOWNLIGHT.  3.5” 
APERTURE. 

COOPER 
P3LED-09-FL40-
840-EL3D-E3LWW-
WH-RG50FL40 

LED 4000K, 
80CRI 

16 W 277 V 

45 DEGREE TILT 
ANGLE.  LUTRON 
HILUME A SERIES 
0-10V 1% 
DIMMING DRIVER. 

 
DL3 

IRIS LED ADJUSTABLE 
DOWNLIGHT. 3.5” 
APERTURE.  USED FOR 
PODIUM. 

COOPER 
P3LED-09-FL40-
930-EL3D-E3AA-
WH-RG50FL40 

LED 3000K, 
90CRI 

16 W 277 V 

30 DEGREE TILT 
ANGLE. LUTRON 
HILUME A SERIES 
0-10V 1% 
DIMMING DRIVER. 

Figure 4.3 | Reflected Ceiling Plan 
Multipurpose Room 

 

WW1 

WW1 

WW1 

RL4 
(typ.) 

RL3B 
(typ.) 

DL2 DL2 DL2 DL2 DL2 

DL3 
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Figure 4.4 | Revit 2015 Rendering 
Perspective View upon entry to the Multipurpose Room 

 

Figure 4.5 | Revit 2015 Rendering 
Perspective View from Podium 

 

Figure 4.6 | Revit 2015 Rendering 
Perspective View from the front of the Multipurpose Room 

 

 
Renderings 
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Table 4.4 | Summary of Quantitative Data 

Table 4.5 | Light Loss Factors 

Figure 4.7 | Psuedocolor 
Multipurpose Room calculation in ElumTools 

A readable illuminance calculation can be found in Appendix B. 

Figure 4.9 | Revit 2015 Rendering 
Uniformly lit presentation wall from back of classroom 

Figure 4.8 | Psuedocolor 
Uniformly lit presentation wall from back of classroom 

 
Calculations 
 
A calculation was performed using ElumTools in Revit 2015.  The average illuminance for the space was 333 lux 
which meets the design criteria of 300 lux.  The Average/Min ratio is just above the 2:1 ratio recommended in the 
IES Handbook, 10th Edition.  Reference Table 4.4 for a summary of all calculated data including power density.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Space Avg. H (lux) Avg. V (lux) Max. H (lux) Min. H (lux) Avg/Min. LPD (W/ft2) 
Multipurpose Room 333 198 591 134 2.5:1 0.61 

 

 
Luminaires LLD* LDD BF** LLF 
RL3B 0.7 0.94 - 0.66 
RL4 0.7 0.94 - 0.66 
WW1 0.93 0.94 1.0 0.87 
DL2 0.7 0.94 - 0.66 
DL3 0.7 0.94 - 0.66 

*LLD for all LED fixtures has been determined as 0.7 per L70.   
**Ballast Factor information can be found in Appendix C.  
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Summary 
 
The multipurpose room surpasses all of its target criteria.  As indicated in the psuedocolor (Figure 4.7), the main 
writing and reading area is brightly lit.  During a presentation, the presenter will have the option to select the “A/V 
scene” which lowers the output of the perimeter wallwashers and turns off the linear LED slot lights and square 
LED fixtures above.  This successfully achieves the criteria of creating two different scenes in the space, one of 
bright, visual clarity and another of non-uniform accents to help focus on the speaker.  This way, occupants of the 
room will have the power to control what scene they would like depending on what function they are performing 
in the space. 
 
The original design of the multipurpose room exceeded the IECC 2012 LPD of 1.3 W/ft2, at 1.4 W/ ft2.  With the 
new design, the lighting power density drops 0.79 W/ft2 to 0.61 W/ft2.  The average illuminance levels for both 
horizontal and vertical surfaces recommended by the IES Handbook, 10th Edition were met.  

 
 
S o u t h   P l a z a 
 
Space Overview 
 
Right outside the south entrance to the building is the plaza.  The plaza has colored concrete tile and low concrete 
walls for seating, as well as vegetation for a varied landscape.  This space is mainly used as transition, but can also 
be a place to lounge and relax. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 5.1 | Site Plan 
South Plaza Location 
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Table 5.1 | South Plaza Illuminance 

Table 5.2 | Lighting Power Density 

Figure 5.2 | Plan View 
South Plaza landscaping 

Table 5.3 | Model Lighting Ordinance – Performance Method 

  

Space Overview (continued) 
 
Dimensions  

 Area | 5500 ft2 
 Space Length | 92’-0” 

Space Width | 66’-6” 
 

Materials  
South Façade |  Frosted Glass    

Composite Panels 
Brown Brick 

 Floor | Grey & Blue Concrete Tiles 
  

Furnishings 
 Concrete Seat Wall 
 Trees + Shrubs 
 

Criteria 
 
The overall lighting objective in the south plaza is to create a safe, relaxing environment for the employees to 
enjoy.  In the IES Lighting Handbook, 10th edition, the task illuminances are as follows: 

 
 

Task Eh (lux) Ev  (lux) Avg:Min 
Transition – Plaza 6 2 5:1 

 
 
The lighting power density for the space is defined by IECC 2012, and the recommended values for the space can 
be seen in Table 5.2.  The plaza falls in to Lighting Zone 4, due to its location in a high-activity commercial district. 

 
 

Space Base Allowance (W) Allowance (W/ft2) Total Allowance (W) 
South Plaza 1300 0.2 2400 

 
 
In addition to illuminance and LPD, lumen output will be monitored via the International Dark Sky Association’s 
Model Lighting Ordinance for non-residential lighting.  

 
 

Space Lighting Zone Allowance (LM/ft2) 
South Plaza LZ4 7.5 
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Table 5.3 | South Plaza Fixture Schedule 

Figure 5.3 | Site Lighting Plan 
South Plaza 

 

 
Design 
 
A fingerprint is a symbolic piece of someone’s identity, and the plaza will be as unique as one.  In-ground linear 
fixtures will weave between the tiles and cross through the foliage and stone benches.  The light lines will never 
cross each other, creating an interesting pattern for the eye to follow.  The low-lumen emitting fixtures will provide 
the psychological impression of relaxation for the employees that come in for the night shift.  The in-ground lights 
and bollards along the main transition space will serve as a guide when it is dark, leading the employees from the 
main plaza to the entrance of the crime lab.  The fixtures will be controlled via timeclock, and turn on at 6 PM and 
off at 7 AM every day.  Table 5.3 lists the fixtures that assisted in creating this design.  It is used along with the Site 
Lighting Plan (Figure 5.3) seen further down the page.  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type Tag Description Manufacturer Model Lamp 
Input 

Wattage 
Input 

Voltage 
Notes 

 
RL1 

LUMENFACADE LED 
INGROUND.  55 LM/FT 
DIRECT VIEW. 

LUMENPULSE 
LOID-24V-48-40K-
NO-ASL 

LED 4000K, 
80CRI 

24 W 24 V 
IP68 RATED. 6 
W/FT. 0-10V 
DIMMING DRIVER. 

 

BL1 
LINEA LED BOLLARD. 659 
LM OUTPUT. 

HESS 
LN950-LED-NW-
UNV-D-03SRA-SG-
DIM 

LED 4000K, 
80CRI 

16 W 277 V 
0-10V DIMMING 
DRIVER. 

BL1 

BL1 

BL1 

RL1 

RL1 RL1 

RL1 

RL1 

RL1 
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Figure 5.4 | Revit 2015 Rendering 
Perspective View from front of Crime Lab looking North 

 

Figure 5.5 | Revit 2015 Rendering 
Abstract Fingerprint grid going through bench 

 

Figure 5.6 | Revit 2015 Rendering 
Perspective View from Southeast corner 

 

 

 
Renderings 
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Table 5.4 | Summary of Quantitative Data 

Table 5.5 | Light Loss Factors 

Figure 5.8 | Psuedocolor 
South Plaza calculation in ElumTools 

A readable illuminance calculation can be found in Appendix B. 

Table 5.6 | Model Lighting Ordinance – Performance Method 

Figure 5.7 | Psuedocolor 
South Plaza calculation Bird’s Eye View 

 

 
Calculations 
 
A calculation was performed using ElumTools in Revit 2015.  The average illuminance for the space was 15 lux 
which meets the design criteria of 6 lux.  The Average/Min ratio was much larger than the recommended value, 
but this was anticipated due to the overall aesthetic goal of creating a relaxing, dimly lit space.  Reference Table 
5.4 for a summary of all calculated data.  A readable illuminance level calculation can be found in Appendix B. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Space Avg. (lux) Max.  (lux) Min. (lux) Avg/Min. LPD (W/ft2) Total Watts 
South Plaza 15 77 1 21 0.34 2400 

 
 

 
Luminaires LLD* LDD BF** LLF 
RL1 0.7 0.72 - 0.50 
BL1 0.7 0.72 - 0.50 

*LLD for all LED fixtures has been determined as 0.7 per L70.   
**Ballast Factor information can be found in Appendix C.  

 
 

Space Total Site Lumens LM/ft2 
South Plaza 18,552 3.37 
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Summary 
 
The South Plaza creates a calm, tranquil atmosphere through the inground luminaires.  The nonuniform 
“fingerprint” pattern gives a visitor a diverse focal point to observe.  One can also feel the impression of privacy, 
which can be a luxury in the city of Denver.  For the main transition path, bollards light the way to ensure 
employees and visitors know the direct way to get to the lab.  The South Plaza utilizes low light levels to achieve 
an inviting, unique design. 
 
Quantitatively, the inground LEDs pass the Model Lighting Ordinance test, coming in at 3.37 LM/ft2.  The LPD for 
the site was 0.34 W/ft2 which comes in around 1870 W for the site.  This is below the IES Lighting Handbook, 10th 
Edition recommendation of 3200W.   
 
 

C o n c l u s i o n 
 
Through all of these lighting designs, the parts and pieces that make up a person’s identity help to define the 
spaces.  The Lobby, a focal feature, creates a space that is easy to transition through, yet has multiple aesthetics.  
The contrasting DNA features of the fingerprint wood wall and helix pendant give the two other floors that look 
down into the atrium something intriguing to view.  In the Main DNA Lab, a bright uniform light was achieved on 
the task plane, helping lab technicians come closer to solving a crime, and assisting to reveal a suspect’s profile.  
The Multipurpose Room balances light and dark aspects of the identification process by having multiple dimming 
options available for both presentation and lecture.  Finally, the South Plaza embodies uniqueness through its 
abstract fingerprint design.  This allows employees to relax and let their minds wander like the weaving pattern.  
Overall, each of the rooms were successfully able to achieve their own identity through lighting design. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  F i n a l  R e p o r t  | |  P a g e  28 

 

Figure 6.1 | Existing Lighting Panel – Panel H1A  

 

Electrical Depth___________________________________________________________ 

 
B r a n c h   C i r c u i t   R e d e s i g n 
 
The installation of new fixtures and lamp types will result in new loads on the panelboards.  This change in load 
means that a redesign of the branch circuit panels is necessary for the lobby, lab, multipurpose room, and south 
plaza.  The loads for the four spaces are currently located on four separate panels.  The lighting panels’ voltages 
are 480/277 V and they are each protected by a 400 A Main Lug.  In the following pages, the existing and new 
panels are analyzed by space.    
 

Lobby 
 
The lighting loads for the lobby are on two separate panels, Panel H1A and Panel H3A.  H1A is located on the first 
floor, while H3A is located on the third floor of the crime lab. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  F i n a l  R e p o r t  | |  P a g e  29 

 

Figure 6.2 | Existing Lighting Panel – Panel H3A  
 
 
 
 
 
 
 

 

 
Lobby (continued) 
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Table 6.1 | New Lighting Load Summary - Lobby 

Table 6.2 | Lighting Panel Loads Comparison - Lobby 

 
Lobby (continued) 

 
Since the circuits powering the lobby carry additional loads, the existing fixtures’ volt-amps from the lobby were 
subtracted from the circuit load of 3.18 kVA and 3.75 kVA for panels H1A and H3A respectively.  This way, the kVA 
for the hall and conference room remains on the circuit and the new lighting loads can be added.  The new lighting 
loads can be viewed in Table 6.1 and a panel comparison can be seen in Table 6.2.  
 
 
 

Space Panel Fixture Type Input Watts Number of Fixtures Total Watts 

Lobby 

H1A RL2A 2 79 158 

H1A RL2B 2 48 96 

H1A RL2C 3 33 99 

H1A RL3A 20 1 756 

H1A RL2D 200 2 206.4 

H3A PF1 63 12 400 

H3A PL1 206.4 1 20 

H3A DL1 44.8 4 179.2 

          1914.6 

        Total kVA 1.9 

 
 

  Panel H1A Panel H3A 

  Existing New Existing New 

Connected Load 14.4 13.89 17.8 16.6 

NEC Demand (1.25) 17.6 17.4 22.2 20.8 

Other Loads 63.5 63.5 0 0 

Total kVA 81.2 80.9 22.2 20.8 

Amps 97.7 96 27 20.8 

 
 
As seen above in Table 6.2, the new design loads are less than the existing design loads.  This way, no changes will 
be needed for Panels H1A and H3A for the lobby. 
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Figure 6.3 | Existing Lighting Panel – Panel H2A  
 
 
 
 
 
 
 

 
Main DNA Lab & Multipurpose Room 

 
The circuits supplying light to the DNA Lab and Multipurpose Room are both on the same panel, H2A.  Figure 6.3 
showcases the existing panel. 
 
 
 

 
 
 
 
 
 



  F i n a l  R e p o r t  | |  P a g e  32 

 

Table 6.3 | New Lighting Load Summary – Main DNA Lab 

Table 6.4 | New Lighting Load Summary – Multipurpose Room 

Table 6.5 | Lighting Panel Loads Comparison – Main DNA Lab & Multipurpose Room 

 
Main DNA Lab & Multipurpose Room (continued) 

 
The new lighting loads for both room are summarized in Tables 6.3 and 6.4 below.  The total kVA for each room 
is below 16 kVA per circuit so no additional circuits will be needed. 
 
 
 

Space Panel Fixture Type Input Watts Number of Fixtures Total Watts 

Main DNA Lab 

H2A RF2 32 19 608 

H2A PF2 117 12 1404 

H2A RF1 32 2 64 

          2076 

        Total kVA 2.1 

 
 
 
 

Space Panel Fixture Type Input Watts Number of Fixtures Total Watts 

Multipurpose 
Room 

H2A RL3B 24 7 168 

H2A RL4 78 10 780 

H2A WW1 17 20 340 

H2A DL3 16 5 80 

H2A DL4 16 1 16 

          1384 

        Total kVA 1.4 

 
 

 

  Panel H2A 

  Existing New 

Connected Load 20.7 18.7 

NEC Demand (1.25) 25.9 23.4 

Other Loads 0 0 

Total kVA 25.9 23.4 

Amps 31 28 

   

 
Being that the new design comes to a total of 28 amps, three amps less than the original design, Panel H2A does 
not need to be resized. 
 
 
 

 
 



  F i n a l  R e p o r t  | |  P a g e  33 

 

Figure 6.4 | Existing Lighting Panel – Panel HBA  
 
 
 
 
 
 
 

 
South Plaza 

 
The circuit that supplies power to the site is located on a panel in the basement, Panel HBA. 
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Table 6.7 | Lighting Panel Loads Comparison – South Plaza 

Table 6.6 | New Lighting Load Summary – South Plaza 

 
South Plaza (continued) 

 
The new lighting load for the South Plaza is in Table 6.6 below.  The total kVA for each room is below 16 kVA per 
circuit so no additional circuits will be needed. 
 

 
 

Space Panel Fixture Type Input Watts Number of Fixtures Total Watts 

South Plaza 
HBA RL1 24 75 1800 

HBA BL1 16 3 48 

          1848 

        Total kVA 1.8 

 
 
 

  
 

Panel HBA 

  Existing New 

Connected Load 6.2 7.8 

NEC Demand (1.25) 7.8 9.8 

Other Loads 82.1 82.1 

Total kVA 89.9 91.9 

Amps 108.2 110 

 
The HBA panel is the only panel that has a slight increase in load.  The new lighting is 1.8 A higher than the original 
design, which was to be expected since the South Plaza now has added fixtures for the South.  This still does not 
exceed the allotted 16 kVA per circuit and the total amps are below 400.  No resizing is necessary. 
 
 
F i r e   A l a r m   I n t e g r a t i o n 
 
The current security system incorporates PoE, or Power over Ethernet, which combines data and electrical power.  
After further studying Power over Ethernet, it has been deemed not feasible for this project.  For a new project, 
PoE for the fire alarm system would be great to install.  The cost of cablings and materials are saved due to there 
being only one cable that supplies data and power.  It is also safer to install a PoE system because there are no 
high voltage connections.  However, since this thesis is a redesign it would not be economical to install Power over 
Ethernet.  It would require new fire alarm control panels to be purchased, in addition to fire alarm detectors that 
have inputs for cabling.  The amount of labor to put in this new system would be tedious since the building’s 
finishes have already been completed.  In conclusion, power over ethernet is an efficient way to integrate a fire 
alarm system into a building’s automated system for new construction, but it does not have the same appeal for 
a retrofit. 
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Table 7.1 | Module Statistics Table 7.2 | Inverter Statistics 

 
P h o t o v o l t a i c   A r r a y 
 
Denver, Colorado receives about 300 days of sunshine each year.  This provides the perfect opportunity to install 
a photovoltaic array.  The array will supply energy to the crime lab and reduce the cost of electricity.  Not only 
does it decrease electricity use, but it also lessens the amount of carbon-dioxide emissions into the atmosphere.  
An addition of a PV array on the roof of the lab will be great for the environment and potential energy savings. 
 
The array will offset the loads on one panel, Panel HBA.  This was decided after calculating the total amperes, and 
cross-referencing it with that of the other lighting panels.  Panel HBA had the largest kilo-volt-amp load, with 91 
kVA, thus it was chosen for the PV Array study.  
 

System Advisor Model (SAM) 
 
Modeling for the PV array was performed using the National Renewable Energy Laboratory’s program SAM 
(System Advisor Model).  The program is able to incorporate a building’s data and location into an energy and 
financial model. 
 
After inputting the location data and loading the weather files, the next step is to choose a module and inverter.  
Deciding on these two systems can be determined two different ways.  The first method is to pick a desired array 
size and then choose a module and inverter will result in the exact capacity (kW) needed.  The second method is 
to specify how many modules, strings in parallel and inverters are wanted.  It is the first method that was chosen 
for this report.  In this method, the module and inverter types were decided based on the DC to AC ratio.  This 
ratio can be seen in the formula below. 
 

DC - AC ratio = 
𝐷𝐶 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑃𝑉 (𝑘𝑊)

𝐴𝐶 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 (𝑘𝑊)
 

 
By choosing a module and inverter with similar capacities the ideal ratio of 1.00 was achieved, while the desired 
array size met close to 100 kWdc.  Please reference Figure 7.1 on the following page for System Design 
Information. 

 
The module that was chosen was the SunPower SPR-415E-WHT-D.  This specific module is composed of 
monocrystalline cells.   These cells have a greater efficiency than most competing PV arrays, such as polycrystalline 
or thin-film.  Satcon Technology Corporations’ PowerGate Plus 100 kW was picked as the inverter.   
 
  

 
 
 
 
 
 
 
 
 

 
 

Manufacturer Satcon Technology Corp. 

CEC Weighted Efficiency 96.24% 

Maximum Power (DC) 104 kWdc 

Maximum Power (AC) 100 kWac 

Nominal AC voltage 480 V 

Number of Inverters 1 

Manufacturer SunPower 

Nominal Efficiency 19.19% 

Maximum Power 414.8 Wdc 

Number of Cells 128 

Length 7'-0" 

Width 3'-3" 

Number of Panels 240 
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Figure 7.1 | SAM System Design 

Figure 7.1 | Bird’s Eye View 
PV modules cover the East side of the roof 

 
System Advisor Model (SAM) (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Layout and Solar Angle 
 
In order to achieve the desired array size of 100 kWdc 240 modules were required.  The Sunpower modules are 
3’-0” wide and 7’-0” long, and take up approximately 6308 ft2 on the roof.  To fit all of the panels it was necessary 
to evaluate the solar altitude and try moving them closer together without risking too much self-shading.   
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Figure 7.3 | Modeling Shading Loss in SAM 

Figure 7.2 | Section View 
Beams from the sun hit the panels at 49 degrees during the Fall Equinox 

Figure 7.4 | Modeling Shading Loss in SAM 

 

Layout and Solar Angle (continued) 
 
Since the modules will be fixed, the angle for the altitude 
was calculated during the Fall Equinox, or September 23rd 
at noon.  The sun’s altitude should fall between the low 
angles of winter and the high angles of summer in Denver 
so there will be a better chance of maintaining an average 
amount of sunlight for the year.  An angle of 33 degrees 
was chosen as the ideal angle for the solar panels due to 
the latitude of Denver, Colorado. 
 
 

 
 
 
 
 
 
 
 
 

Shading Loss 
 
Within SAM, a 3D shading tool was used to predict how much shade (as a percentage) is covering the arrays.  Due 
to the penthouse, which stands 15’-0” high on the west portion of the roof, and the positioning of the arrays, a 
shading calculation was performed.   
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Table 7.3 | Beam Shading Loss 

Figure 7.5 | Cash Flow Diagram 
Table 7.4 | SAM Output 

 

Shading Loss (continued) 

  
 
 

 
 

 
It can be seen in Table 7.3 above that there is a small amount 
of shading loss due to the penthouse and to the arrays 
themselves.  During the winter months, the low winter 
angles cause the arrays to self-shade, and some energy is 
lost.  However, there is not much 100% loss during the day, 
and the worst loss occurs December at 4 pm with 79%.   

 
 
Results 
 
After simulating the system, the outputs have been summarized in Table 7.4.  The modules were able to produce 
a total of 160,128 kWh a year and offset electricity costs by over $15,000.  In addition, the cash flow diagram can 
be viewed in Figure 7.5.  This diagram shows the system’s cash flow over its lifetime.  After evaluating the 
installation, it would not be worth the cost of the system to install it for the Crime Lab.  The initial cost of $646,431 
makes the payback period greater than fifty years. 

 
 

 
 
 
 
 
 
 
 

 
 
 

5am 6am 7am 8am 9am 10am 11am 12pm 1pm 2pm 3pm 4pm 5pm 6pm

Jan 100 100 66.6262 41.4284 30.9819 26.1548 24.3441 24.0069 25.4262 31.477 43.3256 66.0323 100 100

Feb 100 100 38.6662 23.2976 17.1339 14.3545 13.1805 12.6909 13.6214 17.108 25.4686 43.101 73.5851 100

Mar 100 9.15711 4.28353 2.24689 1.49688 1.17057 0.832361 0.978999 0.923388 2.54405 7.19344 17.0431 57.1892 100

Apr 100 0 0 0 0 0 0 0 0 0.597934 4.19657 11.1939 29.4424 100

May 100 0 0 0 0 0 0 0 0 0.195979 3.21961 8.33564 21.2989 100

Jun 100 0 0 0 0 0 0 0 0 0.018403 2.41565 6.35199 15.5866 100

Jul 100 0 0 0 0 0 0 0 0 0.007914 2.28821 6.54035 15.3936 100

Aug 100 0 0 0 0 0 0 0 0 0.216182 3.30129 9.24263 21.5792 100

Sept 100 0 0 0 0 0 0 0 0 1.48456 5.83348 15.1104 60.0621 100

Oct 100 36.4335 18.6618 12.2612 9.63929 8.423 7.85318 8.19911 9.06049 14.0736 23.5467 47.9667 100 100

Nov 100 100 45.3173 30.6975 24.2614 21.5754 20.669 20.7049 23.4766 30.9598 45.2631 73.2618 100 100

Dec 100 100 65.4185 43.0801 33.367 29.0345 27.2614 27.3223 29.9461 37.6982 52.2935 79.0083 100 100

Key   
  100% shaded 
  60-99% shaded 
  30-59% shaded 
  20-29% shaded 
  01-19% shaded 
  00-0.99% shaded 

Annual Energy Production 160,128 kWh 

Performance ratio 0.86 

Electricity Cost without system $92,605 

Electricity Cost with system $77,440 

Initial Cost $646,431 

Payback Period 50 + Years 

Number of Panels 240 
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Table 8.1 | RS Means Cost Data 

Construction Breadth______________________________________________________ 

 
The construction breadth is a cost analysis and construction schedule study.  The analysis of the photovoltaic array 
installation on the roof was performed using RS Means.  The schedule was studied according to the durations 
indicated in RS Means 2015.  There is also an analysis of the new fixtures energy savings versus the existing 
fixtures.   

 
C o s t    A n a l y s i s 
 
In Table 8.1, the costs of installing the PV Array were obtained using RS Means Green Building 2015.  In addition, 
the real costs were found for the modules and inverters, and adapted to the RS Means 2015 data for labor and 
crew. 
 
 
 

 
 
The total sum of costs for the installation of the photovoltaic array is $826,154.25.  This number is very large, and 
mainly due to the high wattage modules.  In comparison to SAM, this number is roughly $180,000 greater than 
the SAM estimate.  This could be because the RS Means accounts for labor better than the algorithm used in the 
System Advisor Model. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

MATERIAL LABOR TOTAL

INCLUDING 

OVERHEAD & 

PROFIT

ALT. ENERGY SOURCE, SUNPOWER 

PHOTOVOLTAIC MODULE, 415 

WATT, 73 VOLTS

2 8 1 1 240 1,785.00    109.00     454,560.00 522,744.00 

SATCON CORP. DC TO AC INVERTER, 

480 V, 100 KW
1 2 4 1 1 41,688.00 219.00 41,907.00    48,193.05    

PV COMPONENTS, COMBINER BOX, 

NEMA 3R ENCLOSURE
1 4 2 1 1 191.00 109.00 300.00         345.00         

FUSE, 15 A FOR COMBINER BOX 1 40 0.2 1 40 18.75 10.95 1,188.00      1,366.20      

PV RACK SYSTEM, ROOF, NON-

PENETRATING BALLAST, 1 PANEL
1 30.5 0.525 1 240 895.00 23.50 220,440.00 253,506.00 

RS MEANS 2015 COST DATA

ITEM CREW
DAILY 

OUTPUT

LABOR 

HOURS
UNIT QUANTITY

2015 BARE COSTS



  F i n a l  R e p o r t  | |  P a g e  40 

 

Table 8.2 | RS Means Schedule 

 
S c h e d u l e (continued) 
 
The impact on the construction schedule of the installation of the PV was investigated using RS Means Green 
Building 2015. 
 
 

SCHEDULE 

ITEM CREW 
DAILY 

OUTPUT 
LABOR 
HOURS 

QUANTITY HOURS DAYS 

ALT. ENERGY SOURCE, SUNPOWER 
PHOTOVOLTAIC MODULE, 415 WATT, 73 
VOLTS 

2 8 1 240 120 15.00 

SATCON CORP. DC TO AC INVERTER, 480 
V, 100 KW 

1 2 4 1 4 0.50 

PV COMPONENTS, COMBINER BOX, 
NEMA 3R ENCLOSURE 

1 4 2 1 2 0.25 

FUSE, 15 A FOR COMBINER BOX 1 40 0.2 40 8 1.00 

PV RACK SYSTEM, ROOF, NON-
PENETRATING BALLAST, 1 PANEL 

1 30.5 0.525 240 126 15.75 

 
After analyzing the schedule, the activity that took the longest was installing the photovoltaic modules.  With a 
daily output of eight modules, it would take 30 days to finish installing the panels.  In order to cut down on time, 
two crews were assigned to the installation, so that the job could be done in 15 days.  If there are six different 
crews working on the project, the entire installation would take approximately three weeks, with a day or so 
added as a cushion. 
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Table 8.3 | Energy Analysis 

E n e r g y   A n a l y s i s  
 
Table 8.3 breaks down the existing and new fixtures by their existing consumption and finds the total kilowatt-hours they use for the year.  The occupied 
hours for the week were based on a 5-day work week for the Multipurpose Room and Main DNA Lab, while the Lobby and South Plaza function 7 days a 
week.  The Main DNA Lab typically remains open until 3 AM during the week for the late shift, and the South Plaza lighting is on a timer that turns the 
fixtures on from 6 PM to 7 AM.  The energy analysis was performed using Xcel Energy’s commercial energy rate of $0.06/kWh.  The existing fixtures are 
located on the left side of the chart while the new fixtures are located on the right.  By installing the new fixtures, the annual kilo-watt-hours are reduced 
by 10,000 and there is a yearly savings of almost $600. 
 
 

Scheduled 

Hours 

(Weekly)

Existing Fixture
Number of 

Fixtures
LOAD (VA)

Existing Consumption 

(kWh)
Design Fixture

Number of 

Fixtures
LOAD (VA)

Design Consumption 

(kWh)

Lobby 168 SURFACE MOUNTED LED 14 50 118 6" LED DOWNLIGHT (DL1) 4 44.8 30

168 LINEAR LED LIGHT STRIP 8 4 5 LINEAR LED PENDANT (PL1) 1 206.4 35

168 RECESSED LINEAR FLUORESCENT 2 20 7 LED LIGHT PANEL (RL2A, RL2B) 127 2 43

168 WALL MOUNTED FLUORESCENT 6 20 20 LED LIGHT PANEL (RL2C) 33 3 17

168 RECESSED LINEAR FLUORESCENT 11 62 115 LED LIGHT PANEL (RL2D) 2 200 67

168 COMPACT FLUORESCENT DOWNLIGHT 18 30 91 T5 BARE LAMP (PF1) 12 63 127

168 WIDE APERTURE CFL DOWNLIGHT 8 187 251 RECESSED LED 1X1 (RL3A) 1 20 3

Main DNA Lab 100 FLUORESCENT PENDANT 15 124 186 RECESSED FLUORESCENT (RF1) 32 2 6

100 FLUORESCENT PENDANT 3 62 19 RECESSED SYMMETRIC (RF2) 32 19 61

100 - 0 0 0 FLUORESCENT PENDANT (PF2) 117 12 140

Multipurpose Room 55 RECESSED LINEAR FLUORESCENT 12 124 82 RECESSED LED 1X1 (RL3B) 7 24 9

55 FLUORESCENT WALLWASHER 2 124 14 RECESSED LINEAR LED (RL4) 10 78 43

55 CFL DOWNLIGHT 20 30 33 FLUORESCENT WALLWASHER (WW1) 20 17 19

55 CFL DOWNLIGHT WALLWASHER 12 30 20 3.5" LED DOWNLIGHT (DL2) 5 16 4

55 - 0 0 0 3.5" LED DOWNLIGHT WW (DL3) 1 16 1

South Plaza 91 CFL BOLLARD 9 30 25 LINEAR LED INGROUND (RL1) 75 24 164

91 - 0 0 0 LED BOLLARD (BL1) 3 16 4

Total Number of Fixtures: 140 Total kWh: 984 Total Number of Fixtures: 482 Total kWh: 774

Annually: 48213 Annually: 37903

Cost: 2,892.75$                    Cost: 2,274.21$                     

EXISTING VERSUS NEW FIXTURES
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Structural Breadth________________________________________________________ 
 
R o o f    A n a l y s i s 
 
With the addition of 240 photovoltaic modules on the roof, a structural analysis of the existing roof deck was 
performed.  If unable to support the load, the deck will be redesigned to handle the additional weight from the 
array.  The building’s location in downtown Denver means that the impact of snow loads must be observed.   
 

Deck 
 
The area that the PV array covers is over two different types of deck.  In Figures 9.1 & 9.2 the decks are highlighted 
in light and dark blue.  The light blue region is the composite deck, which is a Vulcraft 2VLI20 deck with a 2” steel 
deck and 4.5” of normal weight concrete topping.  The dark blue region is normal roof deck, a 1.5B20 deck from 
Vulcraft. 
 
   
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
The amount of modules on the composite (light blue) area of the roof sums to 100, while the normal roof deck 
(dark blue) supports 140 modules. 

 
 
 
 
 
 
 
 

Figure 9.1 | Roof Structural Plan  
Composite Deck and Roof Deck 
 

Figure 9.2 | Roof Plan 
PV Module layout 
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Calculation 
 
 Live Load 
 Minimum Live Load | 30 psf 
 Snow Load | 20 psf* 
  

*In this instance, the minimum live load controls since it is the larger load. 
 
Dead Load 

 Rigid Insulation | 2 psf  
Superimposed Dead Load | 10 psf 

 Composite Deck Self-weight | 1.97 psf 
 Roof Deck Self-weight | 2.14 psf 

Module Weight | 56 lbs. 
 
Additional Information 
Composite Deck | 2693 SF 
Roof Deck | 4800 SF 
Spans | 3 + 
Largest Span | 6’-0” 

 
Composite Deck Calculation 
 

WTL =  30 𝑝𝑠𝑓 + 2 𝑝𝑠𝑓 + 10 𝑝𝑠𝑓 + 1.97 𝑝𝑠𝑓 + 
56 𝑙𝑏𝑠.  × 100 𝑝𝑎𝑛𝑒𝑙𝑠

2693 𝑆𝐹
 

 
WTL =  46 𝑝𝑠𝑓 < 400 psf*   √ 

 
*When cross-checked with the Vulcraft tables (Appendix D), the total allowed load for the 2VLI, 20 GA composite 
deck is 400 psf.   
 
Roof Deck Calculation 
 

WTL =  30 𝑝𝑠𝑓 + 2 𝑝𝑠𝑓 + 10 𝑝𝑠𝑓 + 2.14 𝑝𝑠𝑓 + 
56 𝑙𝑏𝑠.  × 140 𝑝𝑎𝑛𝑒𝑙𝑠

4600 𝑆𝐹
 

 
WTL =  45 𝑝𝑠𝑓 < 111 psf**   √ 

 
**When cross-checked with the Vulcraft tables (Appendix D), the total allowed load for the 1.5B, 20 GA roof deck 
is 111 psf.   
 

Summary 
 
In conclusion, no alterations to the existing decks need to be made.  The weight of the added modules have little 
effect on the total load on the roof. 
 
 
 



  F i n a l  R e p o r t  | |  P a g e  44 

 

Conclusion_______________________________________________________________ 
 
The Denver Crime Lab is a vital piece of the puzzle in the investigation of criminal activities.  Redesigning its lighting 
and electrical systems lead to a building that functions more efficiently while exuding aesthetic appeal. 
 
Within the lighting depth, the concept of “Identity” was envisioned in the Lobby, Main DNA Lab, Multipurpose 
Room and South Plaza.  Each making up a different aspect of a person’s true self, they became unique and effective 
spaces for their specific tasks to be performed. 
 
The electrical depth ensured that the new loads for the building were not too large and tried to offset one of the 
panels with the installation of 240 photovoltaic modules on the roof.  Unfortunately, the overall system cost 
outweighed the payback period, and it would not be economical to implement the modules.  Lastly, fire alarm 
integration was considered via power over ethernet cabling, but this change to an existing building is not a smart 
one due to the additional labor. 
 
The construction and structural analyses proved that the photovoltaic array, although expensive, would be 
supported by the existing structure on the roof.  In addition, the entire installation would take around three weeks, 
or a little under a month.  As for the savings from the newly designed spaces, they would total to nearly $600 year. 
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