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1. Summary 

 
As part of an innovative approach to monitor and assess San Diego’s coastal waters 
extending 30 Kilometers off the coast, the San Diego Coastal Ocean Observing System 
(SDCOOS – http://www.sdcoos.ucsd.edu) was established.  Scripps Institution Of 
Oceanography, in a partnership with The State of California, City of Imperial Beach, and the 
San Diego County Department of Environmental Health developed, installed, and currently 
operates a coastal monitoring and observing system. 
 The backbone of the Coastal Ocean and Observing System is an array of high-frequency 
radars designed to provide a spatial map of the local ocean surface currents on a real-time 
basis.  An immediate application of the current maps is to use the data as a framework for 
interpreting results from water quality testing programs that are already in place.  Because 
real-time data is available on the web, there is a broad end-user community including 
scientists, policy and decision makers (city/state), public health responders as well as the 
general public.  The radar array is composed of three sites located at:  Border Field State 
Park, Point Loma, and South Coronado Island on Mexican property.  The decision to operate 
a site on the remote Coronado Island was based on the geometry of the radar array.  This site 
allowed for more accurate determinants of surface currents. 
 The remoteness of the island dictated that we find an alternative energy source to power 
the CODAR system.  This document represents the research and development evolution of 
the solar system currently in use on South Coronado Island. 
 
 
Logistic Timetable 
 
October 2, 2002:  South Coronado inspected.  Solar system location established. 
December 2, 2002:  Solar sub-structure installation initiated. 
January 16, 2003:  Solar sub-structure completed. 
February 3, 2003:  Solar panels installed. 
February 14, 2003:  Helicopter drops of solar system equipment. 
February 20, 2003:  Wind generator installed, final preparation for system initiation. 
February 24, 2003:  Solar system complete, system producing 24 VDC. 
March 11, 2003:  CODAR installed, Wireless links complete and transmitting data. 
June 27, 2003:  Meteorological station complete and transmitting data. 
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2. System Requirements 

 
2.1 CODAR Power Consumption 

 
CODAR estimated that the 24 volt system consumes 250 watts continually.  This includes the 
radar transmitter, receiver and the system laptop.   

 
2.2 Auxiliary Electrical Power Consumptions 

 
In addition to the CODAR components mentioned in section 2.1, power consumption 
requirements for additional scientific instrumentation are described below. 

 
Net Gear switch:  7.5 continuous watts 
COR:  25 continuous watts 
Amplifier:  10 continuous watts 
Cambell meteorological logger:  28 continuous watts 
Wavelan:  5.2 continuous watts 

 
2.3 Operational Needs and Considerations 

 
The entire solar system was designed around the newly developed 24 volt CODAR system.  The 
system was developed to produce enough energy for all scientific instrumentation with a surplus 
of energy for future endeavors.   

 
3. System Location 

 
3.1 General Information 
 
Level ground and available space on the island dictated the placement of the solar array.  The 
solar array was placed to the North of an existing concrete structure.  The concrete structure 
would eventually serve to house the CODAR enclosure.  Solar system components were placed 
under the panels in two separate weather-proof enclosures. 
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3.2 System Specifications 
 
In order for our solar system to accommodate our needs there were a variety of requirements that 
went into the design and implementation of the system..  Based on the consumption estimates for 
both CODAR and auxiliary components (See section 2.1 and 2.2), we designed the solar system 
to be capable of producing 500 continuous watts, which would supply both our immediate and 
future power requirements on the island.  The system had to supply power to CODAR and 
auxiliary components continuously with zero down time.  Because of the remote location of the 
island, the system had to be highly reliable.  With this in mind we designed the system to 
generate power with solar and wind components.  We also installed an additional component, 
which allows us to charge the system with a generator if needed (See section 4). 

4. System Design 
4.1 System Diagram 
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4.2 Battery Sizing For Load 
 
4.2.a.  System Sizing Worksheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

4.2.b.  General Information 
 
The battery sizing calculations aided us in determining the quantity of batteries needed for 
our application.  We wanted our battery bank to give us one day of autonomy.  We also had 
to produce a battery bank that gave us the required 24 VDC for our CODAR system.  We 
designed our battery bank to have a 50% state of discharge at the end of the day. 
 
4.2.c.  Batteries 
 
Based on our battery requirements, the Surrette S-460 was the battery of choice.  These are 6 
volt deep cycle solar batteries (See section 7 for specifications).  Based on our calculations, it 
was determined we would need 12 batteries (See Fig 1).  The batteries were placed in series 
of four giving our necessary 24 volts, which were then placed in a parallel grouping, thus 
providing the 24 volts dc from three separate series. 

 

 

HelioPower 
550 Industrial Way, Unit C 
Fallbrook, CA  92028 
Phone:  (760) 451-9374 
Fax:  (760) 451-9393 
www.heliopower.com 

Fig. 1 Calculations Supplied By HelioPower 
 
 

Battery Sizing       

Average Daily 
Load 

Inverter 
Efficiency 

DC System 
Voltage 

Average Amp-
Hours/Day 

12000 0.9 24 500.00 

Days of 
Autonomy Discharge Limit 

Battery Amp-
Hour Capacity 

Batteries in 
Parallel 

1.00 0.5 370 3.00 

DC System 
Voltage Battery Voltage 

Batteries in 
Series Total Batteries 

24 6 4 12 
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Fig. 2 Battery bank showing series and parallel configurations.  1-4, 5-8, and 9-12 are      
configured in series, each giving 24 volts DC.  These three series are then paralleled. 
 

4.2.d.  Battery Housing 
 
The batteries are housed in a converted  
Knaack box, (model #3068).  The shelf within the box  
was cut out to provide sufficient space for the 12  
solar batteries.  A stainless steel vent was also installed 
to prevent hydrogen gas build up (See figure 5). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4 Knaack box prior to primer and paint 
 

Fig. 5 Knaack box ready for battery storage.   

 

  Fig. 3 Knaack box (Model #3068) 
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4.3.  Array Sizing For Battery Charging 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.3.a.  General Information 
 

Because of the marine enviroment and obscure light conditions from occassional ocean 
fog, we selected monocrystalline solar panels.  Our panels were wired in a 48volt DC 
configuration to take advantage of Maximum Power Point Tracking (MPPT) capabilities 
present in our charge controllers ( See section 4.5).  The solar array was placed facing 
due South and fixed at 30°.  Because of limited space on the island, the final location of 
the solar array had the potential for afternoon shadowing by a nearby mountain.  The 
performance of the panels has proved to be sufficient to meet our power demands. 

 
 
 
 
 
 
 
 
 

 
 
 

Array Sizing      

Average Amp-
Hours/Day Battery Efficiency 

Peak Sun 
Hours/Day 

Required Imp 
Array 

500.00 0.9 6 92.59 

Peak 
Amps/Module 

Modules in 
Parallel 

DC System 
Voltage 

Nominal Module 
Voltage 

4.45 21 24 24 

Modules in Series 
Modules in 

Parallel Total Modules   

1 21 21   

Fig. 6 Calculations Supplied By HelioPower 
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4.3.b.  Solar Panels 

 
Based on environmental and solar characteristics of the area, we selected BP 2150S’ 
solar panels from BP Solar.  These panels are composed of 72 monocrystalline silicon 
solar cells in series.  BP solar claims they have the strongest frames in the industry and 
the weatherproof connectors make them an ideal choice for the island environment.  
These panels have a maximum output of 150 watts each panel.  Our array-sizing chart 
(See figure 6) indicated we would need 21 panels, but we used 20. We opted for the 
additional power to be supplied by a wind generator (See section 4.4), which was a 
logical choice on the wind-swept South Coronado Island. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 8 BP 2150S  Fig. 9 Mechanical Drawing Of BP 2150S 



    10

 
4.3.c.  Solar Panel Combiner Box 

 
An Outback PSPV combiner box was used to combine the solar panels and bring two 
lines of 48 volts to the charge controllers.  As mentioned in section 4.3.a., we wired the 
solar panels in a 48 volt configuration to take advantage of the MPPT capabilities of our 
Outback MX 60 charge controllers.  The combiner box can hold up to 12 breakers.  We 
used 10 Outback OBPV 10 amp breakers to accommodate our 10 strings of 48 volt dc. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 10 Outback PSPV combiner box with twelve 
breakers installed 

Fig. 11 General wiring diagram for the PSPV showing two circuits, representing our two lines of 48 
vdc output to the charge controllers. 
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4.3.d.  Solar Panel Mounting System 

 
For mounting the solar panels we needed a system that was easy to transport by boat, 
easily put together, and strong enough to withstand strong winds, which occur frequently 
on South Coronado Island.  The terrain is very rocky in the area we allocated for the solar 
array.  We therefore had to consider which mounting system was most easily secured to 
the ground.  Taking all of these factors into consideration, we selected Ground Trac by 
Professional Solar Products.  This mounting system is composed of lightweight 
aluminum rails, which can then be easily clamped onto a pipe sub-structure.  The solar 
panels are then secured to the rails with patented Slide-n-Clamps.  This system requires 
two days for installation and is relatively easy to assemble.  Posts for supporting the 
substructure are set in concrete the first day, followed by the assembly of the rest of the 
system the second day.  For the sub-structure, we used 11/4” schedule 40 aluminum pipe.  
We selected aluminum for its reduced weight and its ability to better withstand corrosion 
in the marine environment.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Fig. 12 Ground Trac System by Professional Solar products, showing aluminum support 
rails, and pipe sub-structure 
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4.4. Wind Turbine 
 

4.4.a.  General Information 
 
According to the array-sizing chart (see figure 6), our system called for 21 solar panels.  
Instead, we went with 20 panels and supplemented the system with a 24-volt wind 
turbine.  The Coronado Islands regularly receive strong winds, so the use of a wind 
turbine to make up the additional energy needed was a logical choice.   
 
4.4.b.  Air-X Marine 
The Air-X Marine by Southwest Wind Power was our wind turbine of choice.  The 
construction of the turbine with aluminum and stainless parts makes it ideal for the 
marine environment.  The Air-X was specifically designed for coastal and marine 
environments where corrosion is a concern.  This unit comes equipped with an internal 
voltage regulator, which automatically stalls blades in high winds and in situations where 
voltage is at required level. The minimum of moving parts and ease of installation was an 
added bonus. 

 
 
 
 
 
 
 
 
 
 
4.5. Charge Controllers  

 

Fig. 13  Ground Trac system being assembled. Fig. 14 Solar panels secured to Ground Trac system. 

Fig. 16 Air-X Sphere Of Operation 

Fig. 15 Air-X On South Coronado Island 
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4.5. Charge Controllers  
 
 

4.5.a. General Information 
 
Charge controllers are necessary components of a solar power system. A charge 
controller monitors the voltage coming from the solar panels and keeps a steady voltage 
going to the battery bank.  Voltages sent to the batteries depend on the type of battery.  In 
our case, Charge controllers received voltage from a 48-volt solar array and supplied our 
battery bank with a steady 24 volts.  We selected the Outback Power Systems MX60 as 
our charge controller.  Because of the amperage of our system, we had to use two charge 
controllers. 
 
4.5.b.  Outback Power Systems MX60 

 
The Outback Power Systems MX60 has MPPT (See sec.4.3.a.).  This feature allows our 
PV system to achieve its highest possible performance.  The MX60 comes equipped with 
fully adjustable set points and can be used with most battery types.  The MX60 also 
allows for a higher output voltage on the solar array, while charging the battery bank at a 
lower voltage.  We took advantage of this capability with our solar array set at 48 volts 
D.C. and our battery bank is charged at 24 volts DC.  This capability allows for reduced 
wire size and also reduced power loss from the solar array to the charge controllers.  The 
four line, 80 character backlit display allows for simplistic programming and monitoring. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Fig. 18 Outback Power Systems MX60 Charge Controller 

Fig. 17 MX60 in schematic showing wiring similar to our system. 
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4.6. Inverter 
 

 
4.6.a.  General Information 
 
Our system includes a D.C. to A.C. inverter.  We installed this component because of the 
lack of electricity on the island.  As long as our system is operational we can utilize the 
solar power to operate equipment that requires A.C. input.  This inverter eliminates the 
need for hauling a generator back and forth from the island. 
 
4.6.b. Exeltech XP 1100 
 
We selected the Exeltech XP 1100 as our inverter.  This inverter provides a clean, 
regulated sine wave.  It allows for a wide range of DC input.  Our inverter has the 
capability of 1100 Watts continuously at 30° C.  This inverter comes equipped with over 
and under voltage protection and also comes with over temperature protection. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.7. Battery Charger 
 

4.7.a.  General Information 
 
In addition to the inverter (See sec. 4.6), a battery charger was also incorporated into the 
system (See sec. 4.1).  This allows us to charge the batteries, using a generator, if a 
problem occurs with the solar array.  The battery charger converts 120 VAC to 24 vVDC. 
 
 
 

 

Fig. 19 The Exeltech XP 1100 
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4.7.b.  Iota Engineering DLS-27-25 
 
We selected the Iota Engineering DLS-27-25 battery charger.  It has a wide range of input 
voltages and comes equipped with many protection systems.  It has short circuit protection, 
reverse polarity protection, and thermal protection.  With a normally operating system this 
component is not necessary, but the remote location of the system requires that we have 
back-up systems in place. 
 

 
4.8. Power Center 
 

4.8.a.  General Information 
 
For all of these components it was necessary to house them in a centralized location.  To 
safeguard them against weather we decided to have a custom weatherproof enclosure built 
that would accommodate all the components of the system mentioned in sections 4.5-4.7.   
 
 
 
 
 

 

Fig. 20 The Iota Engineering DLS-27-25 Battery Charger. 
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4.8.b.  Enclosure 
 
The enclosure was built with aluminum and powder-coated to make it weather proof.  
Dimensions were specifically tailored to accommodate all the components that were to be 
housed within it (See figure 21). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

4.8.c  Power Center Equipment 
 
The following are housed within the power enclosure:  Outback PSDC, Outback charge 
controllers, Exeltech power inverter, Iota battery charger, and the Tri-Metric battery state 
meter.  The Outback PSDC serves as a load center for all of the components in the solar 
array system.  This houses wiring and circuit breakers for each of the components in the 
system.  The PSDC provides disconnect capability, over-current protection, and grounding 
components all within a single, easily accessible enclosure.  The PSDC also provides areas 
to which charge controllers can be attached (See figure 22).   
For a detailed description see section 4.1.  The Tri-metric battery state meter is an extra 
device that gives us a digital read-out of battery status (See figure 22). 

Fig. 21 Inside and Outside Views Of Weather-Proof Enclosure. 
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Fig. 22 Inside Enclosure Detailing Various Components 
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5. Summary 
 
In summary, the remote location of the project has been the source of several obstacles in 
deploying this system.  The initial permissions and the transport of the equipment to South 
Coronado presented the greatest obstacle.  Currently the system is running smoothly and requires 
little maintenance.  Routine trips are made to the Island for topping off water in batteries, 
cleaning solar panels, and computer upgrades.  The stability of this system and the data we have 
received is attributed to the hard work and dedication to all those involved.  Special thanks to Mo 
Rousso and Heliopower for their help on design and installation. 
 

6.  Specification Sheets 
 
Batteries 
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Solar Panels 
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Combiner Box 
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Mounting System 
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Wind Turbine 
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Charge Controller 
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Inverter 
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Battery Charger 
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Enclosure 
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Outback PSDC 
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7.  Performance Information 
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8.  Additional Photos 
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