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Background Information: A key element to the design of an off-grid solar energy installation is matching the client’s electrical loads to the capacity of the battery and the anticipated output of the solar array.  Electrical loads for domestic applications in the United States typically include a wide array of electrical appliances, and the evaluation of these is covered in a number of other available resources (for examples see publications prepared by  Focus on Energy and the K-12 Energy Education Program).   For applications in developing countries, the main electrical load very often is lighting.  This is particularly true for small residential installations in remote geographic areas such as those served by the Renewable Energy for International Development course offered by Madison Area Technical College.  Historically, the main design objective for matching lighting sources with off-grid solar installations was to replace traditional Edison style incandescent light bulbs with compact fluorescent lamps (CFLs).  This had the benefit of dramatically lowering energy consumption, thus reducing the size of the solar panels required.  In recent years, light emitting diode (LED) technology has made rapid advances, and LEDs are now a cost effective option to replace CFLs, thereby further reducing the solar panel requirements, and lowering the overall system cost.   In this lab, you will compare the performance of a variety of LED lamps, and prepare a spreadsheet to evaluate which are the best for given applications.  
Materials Flashlight or headlamp 12 V battery for DC bulbs OR Power Source for AC bulbs Appropriate fixtures to mount the various bulbs Electrical multimeters (2) for simultaneously measuring voltage and current  Lux meter (to determine illuminance) Color Temperature meter (to measure light color) Selection of Incandescent, CFL and LED Bulbs - AC and/or DC models, various wattages, color ratings, and base styles (E26, E12, MR16, etc.)  



Procedure: 
You will need to work in a dark area to perform these measurements.  As a result, this 
lab is best performed at night (alternatively you may be able to work in a dark closet 
or windowless room during the day).   You will also want a flashlight of some type to 
see well in the dark while assembling your apparatus.  1) Assemble an electrical circuit using a power supply, fixture, and a selected bulb that you intend to measure.  Include digital multimeters to measure both the voltage across and the current through the bulb.  Have your instructor inspect your circuit before proceeding.  (Note that students should already know how to do this from prior instruction in this course)  2) Using the first bulb measure the voltage, current, illuminance (in lux) and Color Temperature (in Kelvin) of the bulb.  Also record some notes about your perception of the bulbs quality (e.g. direct, diffuse, warm, cold, soft, harsh, bright, dim, glaring, color rendition, etc.).  3) Repeat step 2 to test as many bulbs as are provided by your instructor.  4) Assemble your data into a spreadsheet using Microsoft Excel.  Perform calculations as necessary to determine the power consumption of each bulb.   5) Determine the luminous efficiency (in lux/watt) for each bulb.  6) Determine the cost per lux of each bulb (in $/lux) for each bulb.  7) Prepare one or more graphs illustrating your data to be shared with others.  8) Write a short summary of your findings, including a description of the color temperature and your qualitative observations for each bulb.    9) Of the bulbs that you tested, which would you recommend for use in off-grid solar applications for developing countries?  Explain your answer.  10) Of the bulbs that you tested, which would you recommend for use in a modern North American home?  Explain your answer.  11) For the bulb that you identified as the best choice for a North American Home, attempt to determine a pay-back period for which the cost of the bulb would be offset by the monetary savings in the electric bill.  (Hint:  You may need to make some 
assumptions regarding the retail price of electricity, and the daily usage patterns for 
the bulb of interest). 


