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Introduction


In many parts of Texas, air conditioning can account for 25 to 40 percent of a household’s annual energy costs (Green Living, 2003).  Many low-income families cannot accommodate such an expense and are forced to live without air conditioning.  By the time they have paid for rent, then food, there may not be enough money left for lighting and air conditioning.  Unfortunately, there is a lack of adequate assistance for such people.


Congressman Gene Green (D-TX, 29th District) states that while almost 60,000 Houston area families had their power cut off in 2001, only 14,443 people received cooling assistance in the entire state of Texas.  This poses serious health risks for such households, particularly the elderly.

According to the Houston Department of Health and Human Services, senior citizens accounted for 14 of the 20 heat-related deaths reported in Houston and Harris County during the summer of 2001 (HDHHS, 2003).  The Center for Disease Control also reports that the average annual rate (per 1 million population) of heat-related deaths is greatest among the elderly, as shown in Figure 1.  An even greater number suffer non-fatal illnesses and personal discomfort.
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Figure 1.  Average annual rate of heat-related deaths, by age group — United States, 1979-1992 (CDC, 1995)

Also according to HDHHS, electric fans are ineffective at temperatures in the 90s and above.  At those temperatures, they only spur the movement of hot, humid air, which accelerates body heating and raises internal body temperature.  (HDHHS, 2003)  The Center for Disease Control concurs with this assessment, explaining that increased air movement has been associated with increased heat stress and recommending that fans should not be used for preventing heat-related illness in areas of high humidity (temperatures greater than 90 F with humidity greater than 35%).  However, they do explain that using an artificially cooled environment (air conditioner or evaporative cooling unit) even for just a few hours each day will reduce the risk for heat-related illness.  (CDC, 2003).


Despite the efforts of many to provide relief to the situation, the problem persists.  For instance, the Houston Chronicle reports that people do often donate window air conditioners to the needy, but many of the homes don’t have wiring that can handle additional electrical appliances (Hopper, 2003).  In 1998, one heat fatality included a widower who lived alone and kept his air conditioner turned off to save money (Hopper, 2003).  Houston does open its libraries and multiservice centers as cooling centers, but many elderly find the service of limited use.  They are not as mobile as younger people and may be inclined to stay in their homes, even if it means dealing with the heat. This is especially true if they have other health problems, lack transportation, or live in a high crime neighborhood (Hopper, 2003).


As has been shown, this is a serious problem in the Houston area.  But it presents an excellent opportunity for NSBE and NASA to come together in mutual fulfillment of their respective charters.  It is possible for the Houston Space Chapter, an organization of the National Society of Black Engineers composed primarily of NASA civil servants and contractors, to positively impact some of these households.


As a community service, the Houston Space Chapter will bring space-age technology to selected elderly homes, installing solar powered air conditioning units.  Depending on the size of the home and unit selected, the unit may not cool an entire residence, but will at a minimum provide a cool zone within such households, giving the elderly a place where they can enjoy a comfortable climate within their own homes.  Because the unit is solar powered, they will not be confronted with the utilities expense incurred by traditional units, nor will they be constrained by wiring limitations in their homes.  While this technology is entirely available off-the-shelf, it is not available to the communities most in need, in part due to the initial acquisition cost and due to the fact that in general, elderly communities – particularly those in minority and other underrepresented groups – are not aware of the potential benefits of solar energy and other space-related technologies, nor do they have the expertise to configure such a system.  We will bring this technology to them, assembling and installing solar powered air conditioning units in as many elderly, low-income Houston homes as possible.


The essence of both NASA and NSBE cry out for the Houston Space Chapter to take this action.  The NASA vision is “to improve life here, to extend life there, to find life beyond.”  Helping the elderly in Houston is a clear opportunity to improve life here, in an absolutely critical way for those affected.  Similarly, the NSBE mission is “to increase the number of culturally responsible Black engineers who excel academically, succeed professionally, and positively impact the community.”  There could not be a more culturally responsible positive community impact than to utilize one’s engineering talents to provide the elderly with technology that may save their lives, or at the very least will greatly improve their comfort and quality of life.  Additionally, the experience of constructing these air conditioning systems will benefit the chapter members by providing hands-on technical experience that many will not encounter in their day-to-day work responsibilities.

Brief Survey of Solar Electric Power


A solar power system is more than just a set of solar arrays.  Several components are required for a properly functioning system.  If the system is designed to provide power twenty-four hours a day, or any period where the sun is not shining, a battery bank or some secondary power source is required.  If not, the system is much simpler.  In both cases, any solar power system will include some form of photovoltaic panel, frame or structure, and power outlets.  Generally, some form of inverter or power conditioner will be required.  If a secondary power source is required, then a charge controller and battery (or other secondary power system) will also be included.  General descriptions of each of these solar power subsystems will be provided:

Photovoltaic Panel

There are three basic types of photovoltaic modules commercially available today: single crystal silicon, polycrystal silicon, and thin film/amorphous (Solar Panels, 2003).  (For those familiar with spacecraft solar panels, all of these are essentially silicon solar arrays.  The more efficient dual or triple junction, concentrator arrays, etc. have not moved into common terrestrial use as of yet.)  While there are differences in efficiency and appearance, all of these silicon cells work essentially the same way, converting sunlight directly into electricity.

Inverter

An inverter is a device that converts direct current electricity to alternating current electricity. In a solar power system, it converts the DC energy from the photovoltaic panels or batteries into AC electricity to power appliances. (Schwartz, Home Power, 2003)

Battery

Most batteries used in solar power systems are lead-acid types, as they tend to offer the best power to price ratio.  The acid is typically 30% sulfuric acid and 70% water.  They are deep cycle batteries, meaning they are designed to be discharged down as much as 80% time after time.  These batteries come in three basic forms: flooded, sealed gel, and absorbed glass mat (AGM).  The different forms have various advantages and disadvantages, but the AGM is often recommended as the battery of choice due to the fact that it cannot leak acid and requires no maintenance, though they are often 2-3 times more expensive than the flooded battery (Battery FAQ, 2003).

Charge Controller

A charge controller is used in any solar power system that includes batteries.  The charge controller blocks reverse current and prevents battery overcharge.  Some controllers also prevent battery overdischarge, protect from electrical overload, and display battery status and the flow of power (Charge Controllers, 2003).

Power Outlets and Wiring

While wiring may seem self-evident, it is important to consider wiring in the design of a solar power system.  Choosing improper wiring may result in feeble performance of appliances and/or fire risks.  Generally, power loss is the concern for low voltage systems and fire safety is the concern for high voltage systems (Wire Sizing, 2003).  And of course, any solar power system must have receptacles for the loads to plug into.  These receptacles may sometimes include some form of circuit protection.

Frame/Structure

Some kind of structure is necessary to hold the photovoltaic modules in place.  Often, this will be a roof or pole mount, and in the case of the pole mount it may be fixed or sun tracking.  It is necessary to ensure that the mounting chosen is compatible with the photovoltaic modules selected.

Overview of Mars Testbed Solar Recharge Station


There is some NASA-JSC in-house experience with constructing solar power systems.  The Environmental Office of the Center Operations Directorate and the Advanced Extravehicular Activity Group recently joined forces to build a solar recharge station (shown in Figure 2) to recharge electric tools and other equipment during on-site field tests at JSC’s EVA Remote Field Demonstration Test Site, which simulates the surface of Mars.
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Figure 2.  Solar Recharge Station

The solar recharge station was constructed using commercially available components from Solarcraft, Inc., located in Stafford, Texas.  The purpose of this recharge station is twofold: one, to provide a power source more representative of what will be used on Mars and two, to demonstrate how state-of-the-art technology can be applied to improve life on Earth as well as explore space (Solar Recharge Station, 2003).


NSBE-HSC can tap into the expertise of the Environmental Office as well as organizations within Engineering and Mission Operations that regularly utilize solar power systems.

Overview of Solar Powered Air Conditioner System

Two options exist for this system: a continuously powered system requiring batteries, or a non-battery system powered only during daylight hours.  The continuously powered system has the advantage of providing a constant temperature, but comes at the cost of increased system complexity and expense.  


The daylight system has the advantage of simplicity and reduced expense, but provides no cooling between sunset and dawn.  This may be acceptable since the most severe thermal environment occurs during daylight.  Overnight temperatures will generally be low enough to use conventionally powered fans, especially considering that the room will have been cooled considerably by the air conditioner.


The daylight system may be easier for elderly persons to operate, while the continuous system will be more comfortable.  This paper will examine both options and will not recommend one system over the other, deferring that decision for later in the chapter’s implementation of this project.  Figures 3 and 4 graphically illustrate the components required for the daylight and continuous systems respectively.
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Figure 3.  Daylight Solar Power Schematic
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Figure 4.  Continuous Solar Power Schematic

Subsystem Data

In order to develop an estimate for this system, it is necessary to gather data on potential system components.  Because solar power is relatively expensive, it is desirable to maximize the efficiency gained per unit cost.  The following tables detail performance and cost data for solar power system components as well as potential air conditioning units:

	Photovoltaic Panels
	
	
	

	BP Solar / Solarex
	Watts
	Unit Cost
	Cost per Watt

	SX-30U 30 Watts, UL Listed
	30
	$     219.95
	$    7.33

	MSX-64 64 Watts, UL Listed
	64
	$     254.00
	$    3.97

	SX-75TU 75 Watts, UL Listed
	75
	$     309.00
	$    4.12

	MSX-120 120 Watts, UL Listed
	120
	$     595.50
	$    4.96

	SX-140S 140 Watts, UL Listed
	140
	$     500.00
	$    3.57

	SX-150S 150 Watts, Multicrystalline
	150
	$     589.00
	$    3.93

	SX-3160S 160 Watts, UL Listed
	160
	$     629.00
	$    3.93

	
	
	
	

	Kyocera
	
	
	

	KC-120 120 Watts
	120
	$     467.50
	$    3.90

	
	
	
	

	Matrix Solar/Photowatt
	
	
	

	PW750-75 75 Watts, UL Listed, ONE BOX OF TWO PANELS
	150
	$     600.00
	$    4.00

	PW750-80 80 Watts, UL Listed, ONE BOX OF TWO PANELS
	160
	$     557.00
	$    3.48

	PW750-85 85 Watts, UL Listed, ONE BOX OF TWO PANELS
	170
	$     634.00
	$    3.73

	PW750-90 90 Watts, UL Listed, ONE BOX OF TWO PANELS
	180
	$     638.00
	$    3.54

	M-PW1250-125 125 Watts, ONE BOX OF TWO PANELS
	250
	$  1,138.00
	$    4.55

	M-PW1250-135 135 Watts, ONE BOX OF TWO PANELS
	270
	$  1,229.00
	$    4.55

	M-PW1650-165 165 Watts, ONE BOX OF TWO PANELS
	330
	$  1,189.00
	$    3.60

	M-PW1650-175 175 Watts, ONE BOX OF TWO PANELS
	350
	$  1,259.00
	$    3.60

	
	
	
	

	RWE SCHOTT Solar
	
	
	

	SAPC-123 123 Watts, 12 Volts
	123
	$     435.00
	$    3.54

	SAPC-165 165 Watts, 24 Volts
	165
	$     612.00
	$    3.71

	ASE-145DG/25 145 Watts, 20 year warranty, Sold in 20 unit crates
	2900
	$  8,539.00
	$    2.94

	ASE-195DG/33 195 Watts, 20 year warranty, Sold in 10 unit crates
	1950
	$  5,299.00
	$    2.72

	ASE-195DG/33 195 Watts, 20 year warranty, Sold in 20 unit crates
	3900
	$11,195.00
	$    2.87

	ASE-240DG/43 240 Watts, 20 year warranty, Sold in 10 unit crates
	2400
	$  7,215.00
	$    3.01

	ASE-240DG/43 240 Watts, 20 year warranty, Sold in 20 unit crates
	4800
	$13,415.00
	$    2.79

	ASE- 300DG/17 300 Watts, 17 Volts, Sold in 20 unit crates only
	6000
	$29,000.00
	$    4.83

	ASE- 300DG/50 300 Watts, 50 Volts, Sold in 20 unit crates only 
	6000
	$29,000.00
	$    4.83

	
	
	
	

	Sharp
	
	
	

	NE-Q5E2U 165 Watts, Multi-crystal
	165
	$     718.00
	$    4.35


Table 1.  Photovoltaic Panels

	Inverters
	Watts
	Cost
	Price per Watt

	Powerstar 1300 Watt 12 Volt
	1300
	 $ 540.00 
	 $          0.42 

	Powerstar 700 Watt
	700
	 $ 331.50 
	 $          0.47 

	Powerstar 300 Watt
	300
	 $ 136.50 
	 $          0.46 

	Powerstar 125 Watt
	125
	 $   70.50 
	 $          0.56 

	24V to 12V Converter
	N/A
	 $ 285.00 
	N/A


Table 2.  Inverters and DC Converters

	Roof and Tracking Mounts
	# Arrays
	Cost
	Cost Per Array

	U-GR-36
	2
	 $ 110.00 
	 $   55.00 

	U-GR-52
	3
	 $ 150.00 
	 $   50.00 

	U-GR-80
	4
	 $ 210.00 
	 $   52.50 

	U-GR-104
	5
	 $ 265.00 
	 $   53.00 

	UTRF64 (Tracking)
	8
	 $ 989.00 
	 $ 123.63 


Table 3.  Roof and Tracking Mounts

	AGM Batteries
	
	
	

	Battery
	Voltage
	Amp-Hrs
	Cost
	12V Cost/A-Hr

	PVX-2240
	6
	220
	 $ 165.95 
	 $            1.51 

	PVX-340T
	12
	33
	 $   68.95 
	 $            2.09 

	PVX-420T
	12
	42
	 $   81.95 
	 $            1.95 

	PVX-490T
	12
	48
	 $   87.95 
	 $            1.83 

	PVX-560T
	12
	56
	 $ 116.95 
	 $            2.09 

	PVX-690T
	12
	69
	 $ 136.95 
	 $            1.98 

	PVX-840T
	12
	84
	 $ 146.95 
	 $            1.75 

	PVX-890T
	12
	85
	 $ 146.95 
	 $            1.73 

	PVX-1040T
	12
	95
	 $ 157.95 
	 $            1.66 

	PVX-1080T
	12
	105
	 $ 164.95 
	 $            1.57 

	PVX-2120L
	12
	210
	 $ 304.95 
	 $            1.45 

	PVX-2580L
	12
	255
	 $ 364.95 
	 $            1.43 


Table 4.  AGM Batteries

	Charge Controller
	
	
	

	Unit
	Amps
	Volts
	Cost

	Prostar 30
	30
	24
	 $        185.00 

	Trace C35
	35
	12/24
	 $        112.35 

	Trace C40
	40
	12/24
	 $        119.97 


Table 5.  Charge Controllers

	Power Receptacles
	

	Unit
	Cost

	Leviton 15 Amp Smartlock
	 $   13.95 

	Leviton 20 Amp Smartlock
	 $   18.45 


Table 6.  Power Receptacles

	Air Conditioners
	Watts
	BTU
	Cost
	BTU/$
	BTU/W

	Kenmore 11700 BTU Back Breather
	1230
	11700
	 $ 479.99 
	24.38
	9.5

	Kenmore 18000 BTU
	1850
	18000
	 $ 419.99 
	42.86
	9.7

	Kenmore 8000 BTU
	820
	8000
	 $249.99 
	32.00
	9.8

	Kenmore 12300 BTU Multi-Room
	1140
	12300
	 $ 399.99 
	30.75
	10.8

	Kenmore 6000 BTU Low Profile
	560
	6000
	 $ 249.99 
	24.00
	10.7

	Kenmore 5600 BTU
	510
	5600
	 $ 199.99 
	28.00
	11.0

	Kenmore 17500 BTU Large Capacity
	1675
	17500
	 $ 499.99 
	35.00
	10.4

	Kenmore 18000 BTU PLASMAire Large Capacity
	1670
	18000
	 $ 499.99 
	36.00
	10.8

	Kenmore 7000 BTU Cooling/3850 BTU Heating
	1260
	7000
	 $ 429.99 
	16.28
	9.7


Table 7.   Air Conditioners

Preliminary System Sizing


Because this project only involves a solar powered air conditioner, the load analysis is particularly simple.  Two options are initially being investigated for possible development by the chapter: a daytime-only system and a 24-hour system.  The daytime-only system will only operate when the solar panels can provide power, while the 24-hour system must operate continuously.  Both options will be sized below, based on today’s vendor prices for commercially available equipment.  Given that prices will fluctuate and various pieces of equipment may go in and out of production, this analysis should not be construed as an exact specification of what the system will look like and cost, but should be viewed more as a ballpark figure that the eventual system will approximate.


For option 1, the load analysis is simply the power required to supply the air conditioner.  For option 2, the analysis is more complex.  In addition to the air conditioner power, power is also required for battery charging and system losses.  Charge power is impacted by the amount of time available for charging.  For simplicity, the 24-hour system load analysis will assume twelve hours of charge time and ten hours of battery operation.  Overcast conditions are not modeled in this initial analysis.


For both options, the air conditioner will be sized to accommodate a 300 to 350 square foot living area that includes a kitchen.  A general rule of thumb suggests an 8,000 BTU unit for this size, with another 4,000 BTU recommended for the presence of a kitchen.  Based on the data in Table 7, the Kenmore Multi-Room air conditioner with a 12,300 BTU cooling capacity is an appropriate unit.  This air conditioner has a list price of $399.99 from Sears and requires 1140 W in power.  Beyond this point, the data is different for each version.

Option 1


A quick analysis of the photovoltaic modules available in Table 1 reveals that the SAPC-165 multicrystalline module provides the best value for the dollar, at $3.71 per watt and $612 per module.  A total of seven modules are required to meet the 1140 W power requirement, resulting in a module expense of $4284.


The next step is to account for the mounting of the arrays.  Fixed arrays would be less efficient as they would only directly face the sun once per day.  Consequently, a tracking mount is used, the UTRF64 indicated in Table 3.  This particular tracking mount is passive and does not require electrical power from the array to track the sun.  The UTRF64 can hold up to eight SAPC-165 modules and costs $989.


The inverter is sized based on the power produced by the photovoltaic panels.  The Powerstar 1300 inverter in Table 2 is an attractive option, but it operates at 12 Volts, while the panels operate at 24 Volts.  Consequently, in addition to the inverter, a DC Converter is also required to convert the photovoltaic output from 24V to 12V.  This converter costs $285.00 and must be added to the cost of the inverter, $540, for a total of $825.00.


This completes the Option 1 sizing with the exception of the wiring and receptacle.  Because the length of wiring may vary with each house, it is difficult to estimate a cost.  However, as a generic rounding figure, a value of $200 will be assumed.  This results in a total cost for the Option 1 daytime solar powered air conditioning system of $6,697.99.  Option 1 does have one unresolved concern.  Even with tracking, the photovoltaic modules will not supply even power level.  Unfortunately, the air conditioner requires a constant power level.  The chapter will need to develop a solution to this problem.

Option 2


Unlike Option 1, the photovoltaic panels must not only power the air conditioner, but must also charge the batteries.  Consequently, the batteries must be sized before the panels can be addressed.  (The concern mentioned for Option 1 does not affect Option 2, because the air conditioner can always draw upon battery power to even out any irregularities in the power coming from the photovoltaic panels.)

As explained earlier in this paper, AGM batteries are maintenance free and non-hazardous.  Because this system is intended for elderly who cannot be expected to perform maintenance on the system, AGM batteries are the only ones given serious consideration.  Based on the data in table 4, the 12-Volt Concorde PVX-2120L offers the best value.


Because we have assumed that the air conditioner will operate for ten hours in darkness, we know we need 11,400 W-hrs from the batteries.  Each PVX-2120L contains 2520 W-hrs of power, indicating that five are needed to meet the power goal.  However, it would be erroneous to assume a complete draining of the battery.  Deep cycle batteries are intended to be drained down to 80%.  Consequently, only 2016 W-hrs of power is available from each battery, suggesting that six batteries are actually needed to meet the power goal.  At a cost of $304.95 each, this translates into a battery cost of $1,829.70.


With the batteries sized, the photovoltaic modules can now be sized.  The modules must provide power to charge five batteries in a twelve-hour time period while also powering the air conditioner.  A total of 15.12 kW-hrs are required to completely charge all five batteries.  Achieving this charge in a twelve-hour period requires a 1.26 kW photovoltaic panel output.  Adding this to the 1.14 kW air conditioner load subjects the modules to a total load of 2400 W, requiring fifteen SAPC-165 modules at a cost of $5,999.85.


Next, the charge controller can be sized.  In order to accommodate the parameters listed for the charge controllers in Table 5, the batteries can be grouped into three banks, each containing two batteries linked in series.  This results in three battery banks, each with 24V and 21 Amps.  With these battery specifications, the Trace C35 charge controller emerges as the best selection.  One is needed for each battery bank, resulting in a total cost of $337.05.


Like the Option 1 configuration, the photovoltaic modules must again be mounted to track the sun.  Since fifteen modules are required, two UTRF64 tracking mounts are used at a cost of $1,978.  Nearing the end of the sizing, the inverter can be sized.  Because the total system power is 2400 W, it will be necessary to use two Powerstar 1300 inverters, at a cost of $1080.  And, like Option 1, a generic $200 will be assumed for wiring and receptacles.  This adds up to a total Option 2 cost of $11,819.64.


This analysis shows why the Option 1 daylight only configuration is attractive - it costs nearly half as much as the continuously powered version.

Fundraising

Given the significant expense of these solar systems, it is clear that the chapter cannot pay for them off of chapter dues.  The question of how we can pay for these systems is at present an unanswered one, and a challenge for our Finance Zone.  However, some avenues to explore do exist.


Clearly, the chapter will seek to partner with the Environmental Office, as they have direct experience with similar systems.  We will also attempt to secure a working relationship, and possible sponsorship with Solarcraft, Inc.  These partnerships may result in some level of donated hardware.


We will also pursue grants from charitable foundations, government agencies, businesses, nonprofits, and all other possible avenues.  It is not necessary to identify a single benefactor who will underwrite the entire cost of a solar power system.  The Finance Zone will work to build a coalition of contributors who are concerned with the plight of the elderly in Houston, along with those who seek to advance the use of solar power, and will assemble the required finances from a variety of sources.

Engineering Roadmap


As the Finance Zone works, engineering work will also continue.  This paper is not a complete study, but is only the first step the chapter will take towards the completion of this project.  Following this paper, more detailed research will be conducted to gain a full understanding of the intricacies of solar power systems and generate finalized specifications and implementation plans.  There is a need for electrical engineers in the chapter to step up and get involved.  Chief among these plans will be safety reviews, applying industry methodologies to ensure safety for the recipients of our systems.  It is likely that this period of paper studies may proceed well into the spring of 2004.  

Additionally, because most of the chapter has limited hardware experience, we will need to build our experience base with a series of smaller projects before attempting a project as large as the air conditioner system.  Smaller, less expensive solar projects such as solar fans or low wattage appliances should be conducted to familiarize us with the associated equipment and build experience in wiring power systems.  As a side benefit, many of these projects may become useful for community outreaches, enabling the chapter to present to both students and adults regarding the nature of solar power and benefits from its use.  However, the goal is to have the first air conditioner unit completed, tested, certified and in place for the summer of 2004.

Candidate Selection


There is also no mechanism in place to select recipients of these units, a task which must also be completed prior to next summer.  This is another reason why the chapter will need to partner with other organizations in the community.  Churches, United Way type agencies, and others work on a daily basis with the individuals we are seeking to serve and coordinating with such organizations will help us to identify candidates who will have a genuine need and will also be sufficiently responsible to properly operate their units.

Conclusion

We will not be able to help everyone, but we will make a difference.  And in so doing, we will pioneer a roadmap that other organizations can adopt and join us in helping to make things better for the elderly in Houston.  In so doing, we will enhance the images of NSBE, NASA, our contractors and our partners, while also gaining a sense of satisfaction from knowing we improved the world in a way that uniquely tapped into our specific abilities.
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