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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, makeideal 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,renment, or society require

SIFOK &SINRa AyuSNya G2 GKAY]l 2F ONBIFIAGS sl ea
Thisé S | dNdlleénges involved alternative energy, infrastructure data collection, \gesgr

solutions, freshwater pressurizatipand waste water pipe replacement.
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Alternative Energy

Background

{K21ftQa alNAYS [0 Aa 2LISNIOGAYT Iy FTEOGSNYlIGAD
fuels. As of July 2009, this system consisted of a 7.5kW Bergeyusnke, and two 2.28kW

solar panel arrays consisting of 285W MBABE (now Schott SolaBR50-DG panels. This
FfGSNYFGADS INRAR A& dzaSR G2 LIR26SNI !'blQa ! Lwal!
second solar panel array began operating in August 6820

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 researchthereforethe 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 ths data from the M>60 Charge Controller MATE files provided to us by Kevan
Carpentetd® ! & Ay 3 ! bl Q4& eter dawfawe werd abIdtb gogpare the historical
sunlight intensity (irradiance) data to the arrays historical PV kWh production and @lrtain
overall efficiency for the array&quationl below is the formula used to find the efficiency in
each array.

Array Area (eight 353"x75" panels) =21 29m’

ave. deilv sun irradiance [Wim' |- array area [m’]- 24hours [ 4]

Array Efficiency =
daily Y electricity production [£1WhA]

Equationl: Array Efficiency
2SS +yFLteT SR SIFOK NN} eé&Qa RIAfeé STFFAOASyOe I|yR
graphed all of the months together to determine a trend in PV efficiency. Lastly, we obtained
historical temperature data from the Gulf of Mai@ean Observing System (GoMOO®)s
data was recorded from a buoy offsharethe Isles of Shoals. These temperatures seemed to
vary a degree or two from those obtained fralhre AIRMAP system on Appledostahd, but
the AIRMAP data was incomplete B®veral months and thus unusable. The daily temperature
average was graphed and compared to the efficiencies of the PV arrays.

! ftp://gust.sr.unh.edu/pub/submissions/Kevan
% http://airmap.unh.edu
¥ GoMOOS.org
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Results
From August 1, 2008 through Juné"3@009, PV array 1 has produced a total of 2199.6kWh at

an average efficiency of A6%.PV array 2 has produced a total)#86.7kWh 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(seeFigurel).

Figurel: Array 1 kwWh minus Array 2 KWh

Figurela K2 ¢ a4 (G KIF G | NNJ @ropaRRNI] § & KOLINEP&R d#DXIh R yNB & LIS O
production.Figure2 shows that this effect appears to be correlated with temperature.
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Figure2: Array 2 kWh minus Array 1 kWh and Temperature

As the temperature gets colder, the number of bars on the positive side of-éixésxincreases.

This means that as the temperature drops, array 2 outperforms array 1 more frequently.
Around the summer months, however, arraya2ely outperforms array 1. fiis 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

Figure3 shows that the kWh production drops significantly during the winter months. This is to
be expected since the amount of daylight in winteshorter. The average daily sun intensity
(sun irradiance) is displayed Figure4.
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Figure3: PV kWh Production

Figure4: Average Daily Sun Intensity
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Using the AIRMAP pyranometer data, Réd & 02 JSNBER (KI & aAyOS (GKS Ay
solar arrays have averaged 9.38% efficient in converting the available sunlight to eléctricity

Graphing the average daily temperature with average daily efficiency showed that in cold
temperatures the solar panels performed more efficiin(seeFigure5). This can be explained

by the Current vs. Voltage graphs (IV Curves) of a similar patkiqged 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 GB0-DG panels should penfm at 10.45% efficiency under 1000\W7m
irradiance and 25°C (77°®) | 2 6 SOSNE A GK ! LILX SR2NBQa 26 oA
canreachnearly 15%.

Figure5: Efficiency and Temperature

* Digital Appendix A/Schematics and GrapB#iLSolarData2009.xls
° Digital Appendix A/Manuals/ShoalsSolarPanelDesignia887.doc
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Recommendations

2S NBO2YYSYR t221Ay3 FdzNIKSNI Ayild2 gKIFIG YI &
cold temperatures. Keeping array 1 operating at peak efficiency all year round will provide a
Y2NB NBfAI6fS Ft2g 27F St SOlingkhOvinieemodtBsandb | Q& ! L
RSONBIFasS (GKS LROISyGAlrt 2F GKSY f2aAiAy3da LR2gSND
{a[Qa ft2y3 GSNY 32t 2F NBRdzOAYy3 Ala RSLISYRSYy
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Data Acquisition

Background

Shoals Marine Laturrently 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 manuétyany
measurements or adjustments done by the SML engineering staff. The existing staff has a
thorough knowledge of the current systentayouts, however documentatiaa incomplete and
scattered.

SML currently has no digital data collection systemplate. 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, tyrdnditghlorine
residuals, which are necessary for staégulations.

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 islandIt would helpexisting SML statb 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 orderto collect the data we needed for our island system mapswalked the islantb 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 paivaws. 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, pgnapd generators. We included
anything that we felt would bef use to the SML staffhenthey areworking to upgrade the
island during the off season. We also collected manuals for most of the major power draws,
pumps, and other components essential foebperation 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 senSawsuld be gpropriate for our applicationPaul Roy of
New England Drives and Contraisd Jon Durand from Phoenix Contact provided us with an
overview of spread spectrum radigsending data remotely, and the hardware involved in
building a monitoring systemWith their help we determined what configuration of radios and
antennas would work on the islan@he data we collected helped Phoenix Contact produce a
path study for Appledore IslarfiThey also suggested specific data processing equipment, and
providedus with a bill of materials for the system. Fred Chellis visited Appledorecip
supplement our knowledge of data collection dinte-tune our layout.Once we had base
knowledge othe systems, we worked to determine whdata collection systermwould be
appropriate for SML.

For data collection systems, sensors can either run of2@mMA circuit or a 4.5v circuit. In
talking with Dave Murley, he recommend#tht we use4-20mA circuis becausef the circut is
disrupted for some reasoi will read 2ro, and the interruption will be noticeable.

Results

We created maps of each system at SML by walking the island and consulting witthelResg
Mike Roserand Kevin Jerram. Sometbe missing information was filled in by flow diagrams of
systemscreated by past years engineering intetnasnd plans provided by SML for the electric
system, the green grid, and the wastewater syst&rthough the paths on the map are not
completely true to the actual configuration, we tried to map them as accuratelyossible,

and clarify any confusing junctiorisigure6 is an example of one of the maps we created. All of
the maps, full size, can be found in Apgex B.

® Details can be found throughout Digital Appendix B

" Digital Appendix B/Manual#Yireless I/O Devices

® Digital Appendix B/Formulas and Calculations/SMLPathStudy
° Digital Appendix B/Schematics and Graphs

10 Appendix B
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Figure6: Electric System Layout Map
In addition to producing the maps, we worked to document the island systems ina user

friendly way that would becessibleto anyone on the island or mainlan@his could be used

as a reference to help ne@MLengineers become familiar with the island systems. To that
end, we organized all of the photos, schematics, and manuals we gathered in a foldechyera
organized both by bildingand systemThis syste, we feel, is both easy to used easy to
update.Figure7 shows an example of the folder hierarchy. It is our hops this information

will prove useful to SML, and thatcanaid both staff, and future engineering interns.

Figure7: Folder Hierarchy
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