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 Introduction  
 
As an undergraduate marine research institute, Shoals Marine Lab understands the value and 

importance of its environment. The pristine intertidal zone, numerous seabird colonies, and 

secluded location six miles from the Maine/New Hampshire border, make it an ideal location 

for a natural laboratory. To preserve these unique resources, SML has hired sustainable 

engineering interns to promote the harmonious development between the island and its 

inhabitants. Changing conditions, whether it be the economy, environment, or society require 

ŜŀŎƘ ȅŜŀǊΩǎ ƛƴǘŜǊƴǎ ǘƻ ǘƘƛƴƪ ƻŦ ŎǊŜŀǘƛǾŜ ǿŀȅǎ ǘƻ ǇǊŜǎŜǊǾŜ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀōΦ 

This ȅŜŀǊΩǎ challenges involved alternative energy, infrastructure data collection, grey water 

solutions, freshwater pressurization, and waste water pipe replacement. 
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Alternative Energy  

Background  

{ƘƻŀƭΩǎ aŀǊƛƴŜ [ŀō ƛǎ ƻǇŜǊŀǘƛƴƎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ŜƴŜǊƎȅ ƎǊƛŘ ǘƻ ǊŜŘǳŎŜ ƛǘǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ Ŧƻǎǎƛƭ 

fuels. As of July 2009, this system consisted of a 7.5kW Bergey wind turbine, and two 2.28kW 

solar panel arrays consisting of 285W Mobil/ASE (now Schott Solar) GP-50-DG panels. This 

ŀƭǘŜǊƴŀǘƛǾŜ ƎǊƛŘ ƛǎ ǳǎŜŘ ǘƻ ǇƻǿŜǊ ¦bIΩǎ !Lwa!t ŜǉǳƛǇƳŜƴǘ ŀǎ ǿŜƭƭ ŀǎ ŘƻǊƳǎ н ŀƴŘ оΦ ¢ƘŜ 

second solar panel array began operating in August of 2008.  

Objective  

Determine the effectiveness and level of usable output of the alternative energy systems on 

Appledore Island. 

Data Collection  

Monitoring equipment for wild AC from the wind turbine was not yet installed at the time of 

our research, therefore the effectiveness of the Bergey wind power generator could not be 

analyzed. However, we were able to collect detailed data of the wild DC from the photovoltaic 

arrays from August 2008, when the second array began to operate, to the present. We 

obtained this data from the MX-60 Charge Controller MATE files provided to us by Kevan 

Carpenter1Φ ¦ǎƛƴƎ ¦bIΩǎ !Lwa!t ǇȅǊŀƴƻƳeter data2, we were able to compare the historical 

sunlight intensity (irradiance) data to the arrays historical PV kWh production and obtain an 

overall efficiency for the arrays. Equation 1 below is the formula used to find the efficiency in 

each array. 

 

Equation 1: Array Efficiency 

²Ŝ ŀƴŀƭȅȊŜŘ ŜŀŎƘ ŀǊǊŀȅΩǎ Řŀƛƭȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƎǊŀǇƘŜŘ ǘƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ŜǾŜǊȅ ƳƻƴǘƘΦ ²Ŝ ŀƭǎƻ 

graphed all of the months together to determine a trend in PV efficiency. Lastly, we obtained 

historical temperature data from the Gulf of Maine Ocean Observing System (GoMOOS)3. This 

data was recorded from a buoy offshore in the Isles of Shoals. These temperatures seemed to 

vary a degree or two from those obtained from the AIRMAP system on Appledore Island, but 

the AIRMAP data was incomplete for several months and thus unusable. The daily temperature 

average was graphed and compared to the efficiencies of the PV arrays. 

                                                           
1
 ftp://gust.sr.unh.edu/pub/submissions/Kevan  

2
 http://airmap.unh.edu 

3
 GoMOOS.org 
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Results 

From August 1, 2008 through June 30th, 2009, PV array 1 has produced a total of 2199.6kWh at 

an average efficiency of 9.116%. PV array 2 has produced a total of 2,486.7kWh at an average 

efficiency of 10.109%. Despite the apparent superiority of array 2, it was more often 

outperformed by array 1. However, when array 2 outperformed array 1, it was by a much larger 

margin (see Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 ǎƘƻǿǎ ǘƘŀǘ ŀǊǊŀȅ мΩǎ ƪ²Ƙ ǇǊƻŘǳŎǘƛƻƴ drops ŘǊŀǎǘƛŎŀƭƭȅ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ŀǊǊŀȅ нΩǎ 

production. Figure 2 shows that this effect appears to be correlated with temperature.  

 

 

Figure 1: Array 1 kWh minus Array 2 KWh 
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As the temperature gets colder, the number of bars on the positive side of the x-axis increases. 

This means that as the temperature drops, array 2 outperforms array 1 more frequently. 

Around the summer months, however, array 2 rarely outperforms array 1. This may be because 

array 1 is more often covered in snow in cold weather or has an electrical problem that inhibits 

its efficiency in cold weather. We recommend looking further into this situation to keep array 1 

operating at peak efficiency all year round.  

Figure 3 shows that the kWh production drops significantly during the winter months. This is to 

be expected since the amount of daylight in winter is shorter. The average daily sun intensity 

(sun irradiance) is displayed in Figure 4.  

 

 

 

Figure 2: Array 2 kWh minus Array 1 kWh and Temperature 
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Figure 3: PV kWh Production 

Figure 4: Average Daily Sun Intensity 
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Using the AIRMAP pyranometer data, we ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ ǎƛƴŎŜ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ŀǊǊŀȅ нΣ {a[Ωǎ 

solar arrays have averaged 9.38% efficient in converting the available sunlight to electricity4.  

Graphing the average daily temperature with average daily efficiency showed that in cold 

temperatures, the solar panels performed more efficiently (see Figure 5). This can be explained 

by the Current vs. Voltage graphs (IV Curves) of a similar panel produced by Schott Solar (ASE-

300-DFG/50 panel). As temperature decreases, the solar panel voltage goes up, increasing 

power output, leading to improved panel efficiency Manufacturer specifications indicate that 

the 285W Mobil/ASE GP-50-DG panels should perform at 10.45% efficiency under 1000W/m2 

irradiance and 25°C (77°F)5Φ IƻǿŜǾŜǊΣ ǿƛǘƘ !ǇǇƭŜŘƻǊŜΩǎ ƭƻǿ ǿƛƴǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ t± ŜŦŦƛŎƛŜƴŎȅ 

can reach nearly 15%.  

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
4
 Digital Appendix A/Schematics and Graphs/ SMLSolarData2009.xls 

5
 Digital Appendix A/Manuals/ShoalsSolarPanelDesignInfo5-23-07.doc 

Figure 5: Efficiency and Temperature 
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Recommendations  

 ²Ŝ ǊŜŎƻƳƳŜƴŘ ƭƻƻƪƛƴƎ ŦǳǊǘƘŜǊ ƛƴǘƻ ǿƘŀǘ Ƴŀȅ ōŜ ƛƴƘƛōƛǘƛƴƎ ŀǊǊŀȅ мΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ 

cold temperatures. Keeping array 1 operating at peak efficiency all year round will provide a 

ƳƻǊŜ ǊŜƭƛŀōƭŜ Ŧƭƻǿ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ¦bIΩǎ !Lwa!t ŜǉǳƛǇƳŜƴǘ ŘǳǊing the winter months and 

ŘŜŎǊŜŀǎŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ǘƘŜƳ ƭƻǎƛƴƎ ǇƻǿŜǊΦ aŀȄƛƳƛȊƛƴƎ ŀǊǊŀȅ мΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ǿƛƭƭ ŀƭǎƻ ŦǳǊǘƘŜǊ 

{a[Ωǎ ƭƻƴƎ ǘŜǊƳ Ǝƻŀƭ ƻŦ ǊŜŘǳŎƛƴƎ ƛǘǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ Ŧƻǎǎƛƭ ŦǳŜƭǎΦ  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 



SML 2009 Sustainable Engineering Internship Page 13 

Data Acquisition  
 

Background   

Shoals Marine Lab currently has four main systems in operation on Appledore Island, both to 

serve the population with basic needs, and to support the scientific pursuits of the lab. All four 

systems, electricity, fresh water, wastewater, and salt water are operated manually, with any 

measurements or adjustments done by the SML engineering staff. The existing staff has a 

thorough knowledge of the current systems layouts, however documentation is incomplete and 

scattered.  

SML currently has no digital data collection system in place. The freshwater system is 

monitored by a Badger flow meter located on the main water line exiting the pressure tank, 

and all other necessary measurements are done by hand, including PH, turbidity, and chlorine 

residuals, which are necessary for state regulations. 

Objective  

Documentation of each system on Appledore Island is important, not only to provide a base of 

information for any future data collection system, but to aid new staff and interns in becoming 

familiar with the island. It would help existing SML staff to improve the island in the off season. 

The design of, and shopping list for a fresh water monitoring system were also requested by 

SML. They hope to use this system to automate data collection and detect leaks. 

Data Collection  

In order to collect the data we needed for our island system maps, we walked the island to get 

an idea of the layout of each system. We then worked to determine the layout of pipes and 

wires, the location of major distribution points, and a list of any major power draws. All of this 

information was overlaid on a map of the island. We initially used an aerial photo of the island, 

courtesy of Google Earth, and were able to overlay a topographic map as well.  

We took photos of major pipe junctions, breaker boxes, pumps and generators. We included 

anything that we felt would be of use to the SML staff when they are working to upgrade the 

island during the off season. We also collected manuals for most of the major power draws, 

pumps, and other components essential for the operation of SML. 

 

When designing the data collection system for the island, using freshwater as a starting point, 

several experts were consulted. Dave Murley gave us a base knowledge of how data collection 
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systems work, and what specific sensors6 would be appropriate for our application. Paul Roy of 

New England Drives and Controls and Jon Durand from Phoenix Contact provided us with an 

overview of spread spectrum radios7, sending data remotely, and the hardware involved in 

building a monitoring system.  With their help we determined what configuration of radios and 

antennas would work on the island. The data we collected helped Phoenix Contact produce a 

path study for Appledore Island.8 They also suggested specific data processing equipment, and 

provided us with a bill of materials for the system. Fred Chellis visited Appledore to help 

supplement our knowledge of data collection and fine-tune our layout. Once we had a base 

knowledge of the systems, we worked to determine what data collection system would be 

appropriate for SML.   

For data collection systems, sensors can either run on a 4-20mA circuit or a 0-15v circuit. In 

talking with Dave Murley, he recommended that we use 4-20mA circuits because if the circuit is 

disrupted for some reason it will read zero, and the interruption will be noticeable.  

Results 

We created maps of each system at SML by walking the island and consulting with Ross Hansen, 

Mike Rosen and Kevin Jerram. Some of the missing information was filled in by flow diagrams of 

systems created by past years engineering interns9, and plans provided by SML for the electric 

system, the green grid, and the wastewater system10. Though the paths on the map are not 

completely true to the actual configuration, we tried to map them as accurately as possible, 

and clarify any confusing junctions. Figure 6 is an example of one of the maps we created. All of 

the maps, full size, can be found in Appendix B.  

 

 

 

 

 

 
 
 
                                                           
6
 Details can be found throughout Digital Appendix B 

7
 Digital Appendix B/Manuals/Wireless I/O Devices 

8
 Digital Appendix B/Formulas and Calculations/SMLPathStudy 

9
 Digital Appendix B/Schematics and Graphs 

10
 Appendix B 
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In addition to producing the maps, we worked to document the island systems in a user-

friendly way that would be accessible to anyone on the island or mainland. This could be used 

as a reference to help new SML engineers become familiar with the island systems.  To that 

end, we organized all of the photos, schematics, and manuals we gathered in a folder hierarchy, 

organized both by building and system. This system, we feel, is both easy to use and easy to 

update. Figure 7 shows an example of the folder hierarchy. It is our hope that this information 

will prove useful to SML, and that it can aid both staff, and future engineering interns.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 7: Folder Hierarchy 

Figure 6: Electric System Layout Map 


