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Typical Solar Site Layout
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LiveView Replacement Project
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LiveView Project Details

LiveView Project Details
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• Company provided CCTV Camera Service

• 173 CCTV Camera Sites Statewide

• Camera Sites did not meeting States needs

• UDOT tasked with replacing the sites



LiveView Installations
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Design Engineering Services support – $2,250 
per site:

• Design site plans for up to 75 sites just in Region 4
• Coordinated with UDOT Maintenance Stations
• Ideally 6-7 site plans will be delivered at a time for 

advertisement.
• Procurement Advertisement

Design Services Contract
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R4 LiveView Replacement Map

R4 LiveView Replacement Map
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Project Cost Estimate
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Project Equipment
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Cabinet Used
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DDB Unlimited SOD-372425



Solar Panel
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Battery

Battery
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● NorthStar NSB 190FT Blue+
○ Long Design Life

■ 12 yrs @ 68°F
■ 2,050 Cycles

○ Operating Temp
■ -40°F to +149°F

○ Ultra-fast Recharge
○ Shelf life up to 24 month
○ Weight 132 lb



Battery Design Details Cont.

Battery Design Details Cont.
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Solar Controller
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Equipment Selected - Relay 
Driver
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Relay Driver Settings

Relay Driver Settings
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Project Relay Driver 24 Volt System
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Project Relay Driver 48 Volt System



 Selected - Camera

Equipment Selected - Camera
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● Typical 10.3 W
● Max 51 W (Stated)



Axis Q6215-LE PTZ Camera

Axis Q6215-LE PTZ Camera
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Axis Q6215-LE  
(Q6225-LE)
● Typical 25 W
● Max 71 W



CCTV Camera System Layout
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Definitions Table

Row Variable Calculations Units
A. Total Daily Load Total Load x Hours of Load/Day Wh/day

B. Effective Daily Load - 85% Efficiency Total Daily Load / System Efficiency Factor Wh/day

C. Total Energy No. of Batteries x Battery Voltage x Battery Ah Rating Wh

D. Usable Energy - 50% DoD Total Energy x DoD Wh

E. Days of Autonomy (Row D / Row B) Usable Battery Energy / Effective Daily Load Days

DoD Depth of Discharge Lead Acid Battery 0.50

DoD Depth of Discharge LiFePO4 0.85

SE System Efficiency 0.85 to 0.95 0.85
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LiveView Solar Site Loads
Device Watts Hrs./Day Wh/Day

Camera (night) 51 12 612
Camera (day) 14 12 168

Midspan Power Supply 1 24 24
Modem 9.8 24 235

Solar Controller 2.7 24 65
Total 1,104

Fiber Switch Communication

Device Watts Hrs./Day Wh/Day
Camera (night) 51 12 612
Camera (day) 14 12 168

Midspan Power Supply 1 24 24
Switch (9.5 W - 15 W) 12 24 288

Solar Controller 2.7 24 65
Total 1,157
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LiveView Calculated Days of Autonomy
2-12V batteries - 24V System

50% Depth of Discharge
Row Variable Calculated Values Units

A. Total Daily Load (Wh/day) 1,157 Wh/day

B. Effective Daily Load - 85% Eff. (Wh/day) 1,361.18 Wh/day

C. Total Energy (Wh) 4,800 Wh

D. Usable Energy - 50% DoD (Wh) 2,400 Wh

E. Days of Autonomy (Row D / Row B) 1.76 Days

F. Battery Capacity (each battery) 200 Ah

G. Battery Capacity (Total) 200 Ah

H. System Voltage 24 V

I. Depth of Discharge 0.50 DoD

J. System Efficiency 0.85 Eff.
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LiveView Calculated Days of Autonomy
4-12V batteries - 24V System

50% Depth of Discharge
Row Variable Calculated Values Units

A. Total Daily Load 1,157 Wh/day

B. Effective Daily Load - 85% Efficiency 1,361.18 Wh/day

C. Total Energy 9,600 Wh

D. Usable Energy - 50% DoD 4,800 Wh

E. Days of Autonomy (Row D / Row B) 3.53 Days

F. Battery Capacity (each battery) 200 Ah

G. Battery Capacity (Total) 400 Ah

H. System Voltage 24 V

I. Depth of Discharge 0.50 DoD

J. System Efficiency 0.85 Eff.



Project Installation

Project Installation
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Project Installation
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Project Installation
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Project Installation
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Price Comparison of Sites
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� earned First Winter

Lessons Learned First Winter
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● Maintenance crews rely on the CCTV Camera sites

● Storms lasting more than three days – Autonomy inadequate

● Cameras go down first, Communication down second

● Had sites within a fiber channel without any redundancy
o Drop one site, every site downstream goes down on the 

channel



LiveView Site Daily Graph

LiveView Site Daily Graph
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Back to the Drawing Board

Back to the Drawing Board
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● Region 4 Signals and ITS crew combined

● Decided to use a technology used in signals for ITS 
sites

● Supercapacitors were used for Uninterruptible Power 
Systems/Battery Backup Systems in signals.

● Supercapacitors were similar to a battery



Supercapacitors
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Graphene, a sheet of carbon atoms bound together in a 
honeycomb lattice pattern, is recognized as a “wonder 
material” due to the myriad of attributes it 
holds. 

It is a potent conductor of electrical and 
thermal energy, extremely lightweight, 
chemically inert, and flexible with a large 
surface area. 

It is also considered eco-friendly and 
sustainable, with possibilities for 
numerous applications.

Supercapacitors
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Supercapacitors

● ZX2000

○ Voltage Configurations: 24, 36, 48 & 72 VDC

○ Standard size:         17.25” W x 14.25” D x 5.25” H

○ Optional ZX2000-48F: 16” W x 10” D x 7” H



42

Supercapacitors
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Supercapacitor Features
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ON/OFF
Circuit 
Breaker

LCD Display

Anderson 
Connectors

LED 
Indicators

DIP Switches RS485/ RS232 
Communication 
Ports

Control Panel 
Selection Buttons



Supercapacitor Features

45

● Eco-friendly 

● 100% recyclable

● 100,000’s of discharge cycles

● Long shelf life without cell damage

● Zero Maintenance – Zero environmental impact

● 10-year replacement warranty

● Up to 30 years of service life

● Minimal degradation over life

● Maximum Charge Current: Between 60 A and 100 A

● Single connection to solar charger

Recharge Time
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● Can extend run time with more 
Supercapacitors 

● Connect multiple Supercapacitors in 
parallel with manufacturer’s cables

● Use ethernet cable to connect 
modules

● Set DIP switches to manufacturer’s 
instructions 

Connect up to 10 Supercapacitors
Supercapacitor Features
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Comparison

Supercapacitors 

vs

Lead-Acid Batteries



Supercapacitor
Econolite ZX2000-48

Rating: 2,000 Wh @ 48 V
Dimensions: 17.25” W X 5.25” H X 14.25”D
Weight: 48 lb
Cost: $4,527 each

Lead Acid Battery 
NorthStar NSB 190FT 

Blue+
Rating: 2,196 Wh @12 V
Dimensions: 4.9” W  x 12.6” H x 22” D
Weight: 132 lb
Cost: $464 each
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Comparison - Individual



2x Supercapacitor
Econolite ZX2000-48

Rating: 4,000 Wh @ 48 V
Dimensions: 17.25” W X 10.5” H X 14.25”D
Weight: 96 lb
Cost: $9,054

4x Lead Acid Battery 
NorthStar NSB 190FT 

Blue+
Rating: 8,784 Wh @ 48 V

*5,622 Wh
Dimensions: 20” W  x 12.6” H x 22” D
Weight: 528 lb
Cost: $1,856
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Comparison - Site

*adjusted for temperature and 80% DoD



50

Comparison - ROI
● Assumes a 5 year lifespan for batteries and 20 year 

lifespan for supercapacitors.
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1st Supercapacitor Installation
From this 

To this

● Calculated autonomy
○ 1.8 Days @77 F
○ 1.5 Days @15 F

● Charge time?  Varied with 
temperature 

● Calculated autonomy
○ 2.3 Days 
○ Unaffected by cold 

temperature.
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2nd Supercapacitor Installation

Increased 
battery capacity 
was necessary 

Increased 
Supercapacitor 
capacity was 

available



2nd Supercapacitor Installation
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● Calc. autonomy
○ 8 Days @77 F
○ 7.5 Days @15 F

● Calc. autonomy
○ 4.5 Days
○ Unaffected by cold 

temperature.
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● Run time with 
solar panel off
○ 6 Days

● Runtime with 
solar panels off
○ 2.5 Days

Utah's mild winter this year prevented a true test.

2nd Supercapacitor Installation



Lessons Learned -
Supercapacitor
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● Properly connect communication 
cables and set dip switches



Lessons Learned -
Supercapacitor

56

● Solar controller programing
○ Supercapacitors charge differently that lead acid 

batteries.  

○ Absorption and Equalization are not necessary.

○ 3-stage battery 
charging algorithm
■ Night
■ Bulk Charge
■ Float
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● State of charge indication lights are 
unreliable.

○ To check the status of the supercapacitor, check the 
“pack status” voltage

○ All packs should be very close in voltage

○ A failed cell will impact the module exponentially

Lessons Learned -
Supercapacitor



Will Wind Work?
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Turbine Details
Ryse Energy

● Model: AIR 30 Land 48V 
○ 1-AR30-10-48

● Weight: 13 lb
● Rotor Diameter: 46 in
● Startup Wind: 8 mph
● Max. Wind Speed: 90 mph
● Power Production stops: 33 mph
● Rated Power:

○ 400 W @ 28 mph
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Equipment Line Diagrams

Solar Camera

Solar panels

Wind generator

Supercapacitors

Bus / Termination Point

Solar Charge 
Controller
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● Overcharge

● Overvoltage

Lessons Learned - Wind 
Generator



Lessons Learned – Site Design
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● Need to do the research
o Use competent and experienced designer

o The site needs to be designed as a system

o Select the most efficient components

o Design each site – Not a cookbook design

o Critical Design Analysis

o Load

o Solar Insolation



Site Design Cont.
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o Critical Design Analysis cont.

o Battery Bank Sizing

o Array Sizing, Array Orientation

o Consider Existing/Future Loads

o Plan for the Worst

o High Energy Consumption (Load) – Low Solar Energy 

(Insolation)



Site Design Cont.
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o Critical Design Month

o Highest Critical Design Ratio

o Use this data to size the entire system

o Increase System Availability – for future equipment

o IEEE Std 1562 solar battery autonomy recommendations

o 5 to 7 days for non-critical loads located in areas with 

high solar insolation

o 7 to 14 days for critical loads or low insolation

o Higher Voltage Systems = Less Current = Greater 

Efficiency



Lessons Learned
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o Didn’t anticipate equipment added after original design

o Additional equipment added incorrectly – connected directly 

to batteries

o On a four battery system, inner two batteries died before the 

outer two batteries

o Over design of sites

Site shown here designed for 5.82 

days of autonomy but ran for more 

than 30 after a fire destroyed panels



Lessons Learned - Cameras
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Camera Power Settings - Dome
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Camera Power Settings Cont.

68



Camera Power Settings Cont.
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Camera Power Settings Cont.
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Camera Power Settings Cont.
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Conclusion
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Special thanks to our team for their assistance.

• Tyson Larson – Former UDOT Electronics Supervisor

• Quaid Mackert – UDOT Engineering Intern

• Jayden Smith – Electronics Supervisor

• Bryce Bair – Electronic Signal Technician II

• Josh Massa – Electronic Signal Technician II
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QUESTIONS?

73



udot.utah.gov

THANK YOU

Garrett Chaston
UDOT Region Four 
UDOT Engineering Intern

Phone: 801-889-5715
email: gchaston@utah.gov

Troy C. Torgersen
UDOT Region Four 
ITS Manager/ Signals Engineer

Phone: 435-896-0711
email: ttorgersen@utah.gov
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