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Introduction

• Off-The Grid radar (OTG) important part of DCAS
• Will be deploy by end user needs
• Power generated on site
• Should generate using renewable sources
• Renewable sources are:

– Clean
– Natural
– Reliable
– Theoretically endless
– Exists everywhere, especially in remote places

• The later is why the OTG needs to be powered by a 
renewable energy alternative.
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Photovoltaic Technology-PV

• Based on 
photoelectric effect
– Einstein’s Noble 

Prize

• Light photons
– Energy proportional 

to its wavelength
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Photovoltaic Technology-PV

• PV Cell, basic 
building block
– Semiconductors
– PN junction-

photodiode
– By photoelectric 

effect generates 
current
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Photovoltaic Technology-PV

• PV Module
– Hundreds of cells
– Increase power output

• 1st Generation
– Single silicon based pn-

junction
• 2nd Generation

– Multiple silicon based pn-
junctions

– Each junction absorbs a 
wavelength

• 3rd Generation
– Different structure, enhance 

absorption
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Photovoltaic Technology-PV
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Photovoltaic Technology-PV
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PV-Considerations
• Power vs. Energy 

In a DC System:

•Power = Voltage x Current

•Energy = Power x Time of use

Example:

V=12V, I=6A, t=5hr

•P=V x I=12Vx6A=72Watts

•E=P x t=72Wx5hr=360Wh=0.36kWh
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PV-Considerations
• Radiation is an issue
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PV-Considerations
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Why is the radiation important?
Kyocera Model KC170GT
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PV-Considerations

Compare with 5.5 (yearly average) & 4.8 (monthly average) at LMM Inter. Airport
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Other Available Technologies-WIND

The power P available in the wind is 
given by:

where P is in watts, ρ (density of air) is 
measured in kg/m³, R (rotor radius) is in 
m, and v (wind speed) is in m/s.
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WIND-Considerations

Wind Classes for US-DOE Wind Maps
Classes of wind power density at 10 m and 50 m (a)

11.9 (26.6)20009.4 (21.1)1000
7

8.8 (19.7)8007.0 (15.7)400

6 8.0 (17.9)6006.4 (14.3)300

5 7.5 (16.8)5006.0 (13.4)250

4 7.0 (15.7)4005.6 (12.5)200

3 6.4 (14.3)3005.1 (11.5)150

2 5.6 (12.5)2004.4 (9.8)100

00001

Speed (b)

m/s (mph)
Wind Power 

Density (W/m2)
Speed (b)

m/s (mph)
Wind Power 

Density (W/m2)

50 m (164 ft)10 m (33 ft)Wind 
Power
Class*



Nov/15/2006 Power Alternatives for the OTG

WIND-Considerations
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Bergey 1000W Specifications:
• Rotor Diameter: 2.5 m (8.2 ft.)
• Start-up Wind Speed: 3m/s (6.7 mph)
• Rated Wind Speed: 11m/s (24.6 mph)
• Rated Power: 1000 Watts
• Net Weight: 75lbs
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General PV Design
• Energy Audit of the Load-Daily kWh of use

– Power rating of each electrical load
– Total time of use for each load

• Solar Array Sizing 
– How many PV modules are needed

• Battery Sizing
– How many batteries are needed

• Inverter Specification (if needed)
– For AC loads
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Energy Audit-Room BNF8

88.71

Potencia
Total (KVA)

544
4 sets de luces fluorescente de 4 
tubos

141 Printer

6102 Computadoras

80.50.7115Fisher Scientific

1321.1120Bacti-cinerator

3242.7120Precision Thelco Model 6

1501.25120Heat Lab-Line

14159.4/2.9115/115Edge Card Hood  Blower/luces

524546.254.75115Nevera Westing House

5248057115Nevera General Electric

524747.56.5115Nevera Whirpool

5249208115Controlador de temperatura de nevera

6.865245755115
Precision Low Temperature Incubator 
(nevera)

Potencia BNF8 
(KVA)Rango

Tiempo Enscendido
(hr./dias)

Potencia
(VA)

Amperes 
(A)

Voltaje
(V)Equipo

BNF 8

Total power rating of the 
building. 
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Energy Audit-Total for building’s
critical loads

33,120
7

231,840733,120241,3803004xFreezers

8,929
7

62,50078,929127446471x
Lights 

Column

156,0611.25124,84982,8007579,600782,800243,45030010xRefrigerator

Corrected 
watt-hr per 

day

Load 
correction 

factor

Total 
watt-hr 
per day

Avg. 
Watt 
Hrs./Day/

Days 
Per 
WeekDays

Hrs. 
Per 
DayHrs.

Watts 
(VA) 

Mult. by 
1.15 for 

ACVAQtyDCACAppliance

Load Evaluation Form

pag21
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Solar Array Sizing

103.25125.36

370370

38,150.2646,321.27

156,060.75156,060.75

1264.093.37

# modulesYearly AverageWinter

Solar Array Sizing WorksheetMinimum value of 
solar radiation

Yearly average of 
solar radiation

Amount of modules 
needed for the
application

Corrected load in Watt-
hrs per day

Watts needed to be 
generated at maximum
Sun capacity

Power produced by 
each PV module

Minimum amount of 
modules needed for the
application
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Battery Bank Sizing

355.26

4920

1,747,880.40

1,747,880.40

873,940.20

3567

# batteries124,848.60

Battery Sizing WorksheetAmount of Watt-hrs
per day from pag19

Total days of energy
needed from batteries

Watt-hrs needed during
the days needing
batteries

To maintain life
expectancy of batteries, 
preceeding number is
divided by  50% Preceeding number is multiplied by 

a temperature factor affecting
battery capacity (1.0 in Puerto Rico)

Selected batteries watt-
hr capacity

Minimum number of batteries
required

Number of 
batteries required
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Main Equipment Cost

$409,340.00

Total Equipment Cost

These are some examples of 
devices specified for the
application on the example. 



Nov/15/2006 Power Alternatives for the OTG

Homework

• Using the example tables above specify 
the amount of PV modules and batteries 
needed to power the whole CLiMMATE
Lab.

• How much it would cost to power the Lab?


