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John Duffy, Instructor
The overall goal of this miniproject is to provide you with a chance to apply the theory and tools of solar engineering to an actual system and an opportunity to help communities, local and remote.   This is a service-learning project in which academic goals are met along with real community needs. 

There is a choice of two projects:  (a) measured irradiation data analysis from Peru and (b) optimal slope, azimuth, and spacing for solar collectors on a flat roof at the nearby Lowell Regional Technical High School.  

(a)  U Mass Lowell students have since 1997 been working with residents of small remote villages in the Andes Mountains of Peru.  Background information on the project is available at http://energy.caeds.eng.uml.edu/Peru/index.shtm .  The inhabitants of these villages, along with more than 2 billion other people in the world, have no electricity from the grid (or at least had none when we installed the systems) and, along with more than a billion people, have no clean water.  We have designed and installed photovoltaic systems in 17 medical clinics to provide power for vaccine refrigeration, radio transceiver communication, and lights.  Solar water pasteurization and water purification systems have been designed and installed in a couple of towns. Many schools have PV-powered laptop computers.  We have over sixty solar systems installed in all.  A fifteen minute presentation on the project is contained at:  http://riverhawk.uml.edu/cmscontent/f598f202-17cc-4e4a-8cfe-5a763d0eea05/Engineering_930_2005-10-13_09-29-AM.htm (skip to scene 33).  This presentation was part of an overview of the mechanical engineering department to first-year students, and two other speakers preceded me.   

We have some hourly data from our own data logger in the clinic in the town of Malvas, 3100 m elevation, 9.9170° S, 77.6830° W (coordinates courtesy of http://www.heavens-above.com ).   We have data from Raypa, 1400 m elev. 9.6500° S, 77.9170° W.   We have some data from Cochapeti (9.9830° S, 77.6500° W, 3400 m).  They are in the same time zone as Lowell.  

We would like to (and actually have used) irradiation data from three sites to help design new solar systems in the area.  Data on photovoltaic array output and vaccine refrigerator energy use is also measured.  We would like to examine the data more closely to make sure it is reasonable and useable for future work.  No one has systematically reviewed and analyzed the data carefully.  Good field data is hard to come by.  

Objectives/tasks:  The technical objectives include: 

(a)  Screen the measurements of irradiation, temperature, PV output, and vaccine fridge energy use.  Sometimes sensors get dirty, have calibrations drift off, get disconnected, and then give inaccurate data.  Screen all the data for obvious problems.  Identify:   missing data, suspected corrupted data.  For irradiation data:  compare

(b) With the irradiation data, try to estimate if there is any shading from nearby mountains or trees or buildings.   Hint:  On clear days compare actual readings from what you would expect if there was no shading.  Why would it be important to identify shading if you would use the data to predict performance in other similar areas?  There are photos of the sites in the “journal” section of the above web page.  

(c) Compare your irradiation estimates with the hourly data to at least five estimates for each town based on monthly average irradiation data from representative towns in our database (http://energy.caeds.eng.uml.edu/fpdb/irrdata.asp) or other appropriate available databases.  Are the differences believable?  What might be the cause of the differences?

(d) Tabulate the PV system energy generated by month as well as the energy consumed by the vaccine refrigerators.  Note that at times the fridges are not used or may be broken.  Different fridges have been installed at the sites also.  Can you tell when a new more efficient fridge may have been installed?  

(e) The town of Manipampa has requested a water pumping system.  It is close to the town of Quillapampa which has coordinates of 9.85 S and 78.02 W and has an elevation of approximately 1000 m.  Estimate the twelve monthly average horizontal global irradiation values based on your analysis of our own data from the three other towns and other available data for the town of Quillapampa.  

Details:

The data from the Raypa site includes the following measurements by column:  “1” designates hourly data, day number, hour, irradiation (W/m2), fridge current (A), PV current (A), battery voltage (V), temperature inside clinic (C), temperature ambient (outside) (C), temperature in fridge (C), internal battery voltage (V).

The data from the Malvas site includes the following measurements by column:  “1” designates hourly data, day number, hour, battery voltage (V), PV voltage (V), battery current (A), load current (A), temperature inside fridge (C), temperature inside clinic (C), temperature inside clinic (C), irradiation (W/m2), internal battery voltage (V).   

Some older data from the Cochapeti site includes the following measurements by column:  “1” designates hourly data, day number, hour, irradiation (W/m2), fridge current (A), PV current (A), battery voltage (V), temperature inside clinic (C), temperature ambient (C), temperature in fridge (C), rain (inches), wind (mph), internal battery voltage (V).

The irradiation readings are taken with an SPLite pyranometer from Kipp and Zonen in a horizontal position on the roof of the clinics.  Missing or corrupted data is denoted by “-6999” or a similar large negative number.  Radio signals from the clinics introduced noise from time to time with some “-6999” data resulting.  Sensors are scanned every second, and averages kept and recorded for each hour.   Note that some of the data might be in error, so I would suggest graphing the data over time and looking at it for reasonableness and throwing out unreasonable values.  The data will be available on the course website.

(2)  Optimal spacing and tilt (slope) and azimuth for solar collectors for a feasibility study for Lowell Regional Technical High School (LRTHS).  Solar flat-plate collectors (either photovoltaic or thermal) are expected to be place on the flat roof of LRTHS in Tyngsborough.  Your job is to estimate the optimal slope and azimuth and spacing to fit as many collectors as possible in a given area of roof so that the maximum incident irradiation is obtained.  For the purposes of the analysis assume the school will be using 300 Wp R.W. Schott PV collectors made in Massachusetts.  Use hourly TMY2 data from the National Renewable Energy Lab (NREL) database for either Boston or the closest New Hampshire city for which data is available.  
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