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I. TARGET POPULATION & PROBLEM 

Last winter, Aaron Maybin, a Baltimore public school teacher, posted a video on Twitter              

of his elementary students huddled on the floor of their classroom shivering in their winter coats,                

sparking national outrage at the shoddy conditions plaguing Baltimore public school buildings .            1

During the torrential snow storm that hit the entire East coast in the winter of 2018, Baltimore                 

City public schools exclusively underwent a widespread failure of HVAC heating systems that             

resulted in classroom temperatures hovering around 40˚F. Not only did the heating systems fail,              

many classrooms were left without light as well due to even greater energy shortcomings. Of the                

163 school buildings in Baltimore, 85 schools experienced such failures, requiring many schools             

to let students out early or cancel classes altogether . If classes were not cancelled, students from                2

two classes would be placed in one room that had          

adequate heating and lighting or even shuffled back and         

forth between cold classrooms and common areas to        

warm up periodically – all while wearing their winter         

coats, hats, and gloves. Parents and teachers alike called         

for schools to shut down entirely until classroom        

conditions changed, citing previous issues of leaky       

exposed pipes in the ceiling and other structural issues .         3

1Hauser, Christine. “Baltimore City Schools Are Without Heat, Prompting Protests From Teachers and Parents.” The 
New York Times, The New York Times, 4 Jan. 2018, 
www.nytimes.com/2018/01/04/us/baltimore-schools-winter-heating.html. 
2Madden, Mary Rose. “Baltimore Schools' Heating Crisis A 'Day Of Reckoning' For The City And State.” NPR, 
NPR, 18 Jan. 2018, 
www.npr.org/2018/01/18/578731411/baltimore-schools-heating-crisis-a-day-of-reckoning-for-the-city-and-state.  
3“Hogan Announces $2.5M to Fix Baltimore School Heat Problems.” WBAL, WBAL, 9 Jan. 2018,  
www.wbaltv.com/article/hogan-announces-dollar25m-to-help-heat-baltimore-schools/14806238.  
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In 2016, the ACLU reported that 68 out of the 163 school buildings are in “poor condition” while                  

only 16 schools were designated to be in “good condition” (Figure 1) . 4

 

Despite the fact that teachers are spending upwards of $400 out of their own pockets in                

order to support their students, underfunding of the school system is not the sole perpetrator of                

these discreditable learning environments . Baltimore City spends $1,630 per student on           5

administration costs which amounts to the highest in the United States when compared against              

the country’s 100 largest public school districts . Furthermore, the city received $12,000 per             6

4 Patinella, Frank. “Baltimore's School Facility Crisis: No Air Conditioning, No Heat, No Excuses.” ACLU  
of Maryland, 21 Nov. 2018,  
www.aclu-md.org/en/news/baltimores-school-facility-crisis-no-air-conditioning-no-heat-no-excuses. 
5Spence, Lester. “Why Baltimore Doesn't Heat Its Schools.” Jacobin, 2018,  
www.jacobinmag.com/2018/01/baltimore-freezing-schools-children-racism-austerity. 
6Papst, Chris. “Baltimore City Schools #1 in America for Admin Costs.” WBFF, Fox, 2017,  
foxbaltimore.com/news/project-baltimore/baltimore-city-schools-1-in-america-for-admin-costs.  
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student in aid from the state, more than double the statewide average. Annapolis alone sent $6.3                

billion to Maryland public schools, and according to the Maryland governor Larry Hogan, the              

city of Baltimore itself received nearly $24 million more than it would have under state funding                

formulas. Following the mass energy failures, Hogan provided an additional $2.5 million in             

emergency, discretionary funding, emphasizing the fact that it is the fault of the leaders such as                

public schools’ CEO Sonja Santelises who do not spend aid funding wisely . Baltimore city              7

leaders like Hogan and Santelises deny any mismanagement in their respective positions,            

exacerbating the baggage – and blame – that comes with an incompetent school system. "Shame               

on us," Lacheryl Jones, parent and education advocate, told the school board. When school              

buildings are decrepit and need to close because of unsafe conditions, she said, "[the children]               

are being prevented access to one of the greatest weapons they will ever have in this lifetime: the                  

weapon of knowledge and empowerment through education." 

The astonishing image of freezing Baltimore school children mobilized an assembly of            

parents, teachers, students, and activists to push for greater insight from the school boards and               

government representatives, but simple winter coat drives and donations for space heaters should             

not be seen as a final solution. In the end, the energy failures that occur at Baltimore schools are                   

a concern not only to students’ healthy and safety, but their educations as well. The aim of our                  

project is to provide an alternate source of heating to various buildings and domiciles, but               

specifically to the public schools in Baltimore most heavily impacted by the winter weather. 

7“Hogan Announces $2.5M to Fix Baltimore School Heat Problems.” WBAL, WBAL, 9 Jan. 2018,  
www.wbaltv.com/article/hogan-announces-dollar25m-to-help-heat-baltimore-schools/14806238.  
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II. PROPOSAL 

1. Product Overview 

The PIVOT Curtain has two separate components that are joined together as to provide              

multiple uses aimed at the same goal of providing heating to the room it is being used in. These                   

two components are the thermal curtain layer, facing into the room, and the photovoltaic textile               

layer, facing the outdoors through the window it is covering. These two components play very               

different roles that complement each other and provide synergy for accomplishing the goal of the               

entire PIVOT Curtain. 

 
2. Thermal Curtain Layer 

The first role that the PIVOT Curtain plays is that of a thermal curtain, also known as an                  

insulated curtain. The thermal curtain layer has its own three layers. The layer facing the inside                

of the room is made of thin, plain white canvas. This layer adds little to the insulating function to                   

the curtain, however it provides an opportunity for decoration, especially by the students in the               

classroom it may be used in. Users are encouraged to use whatever creative supplies at hand                

(paint, markers, paper, etc.) to decorate the outermost layer as to provide vibrance to the room                

that may be lacking in sunlight due to the blackout effect of the thermal curtain. A thin plastic                  

lining separates the decorative layer and the next inner layer, removing the risk of damage to the                 

insulating layer. 

The second layer is made of dense foam core, which does the bulk of the insulating. The                 

thickness of the curtain may be adjusted to the insulating needs of the building (with a thicker                 

curtain providing more insulation), but the first PIVOT Curtains to be manufactured will have a               
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thermal curtain layer with 1.5-inch thickness, made of insulated batting material. The            

customizability of the length and width of the thermal curtain layer is more important to the                

needs of the buildings using them. This is due to the intention of creating a pocket of air between                   

the curtain and the window that stops the motion of air. Therefore, these curtains must be made                 

to order with dimensions fitting to the windows that they will be used in, making sure the curtain                  

is not too short nor too long. This dense thermal layer works by creating this pocket of air so                   

that warm air from the room cannot travel outward toward the window, and so that cold air that                  

has come through the window is absorbed by the thermal curtain and cannot make it into the                 

room. Ideally, the windows would be totally insulated and would have no openings whatsoever              8

and would always remain closed. However, windows are often unable to be entirely air-tight,              

thus this insulating layer provides a remedy to this problem. 

The final layer of the thermal curtain portion of the PIVOT Curtain is a vapor reflecting                

layer that keeps the foam core from absorbing moisture. The blocking of moisture allows the               

curtain to more efficiently trap heat on the inside, and keep out cold air on the outside. Without                  

this reflective layer, cold, moist air would become trapped in the curtain itself and travel into the                 

room. This vapor layer is made of the photovoltaic textile as will be further explained in the                 9

next section. These vapor layers are typically very thin with standard thermal curtains, so the               

photovoltaic textile’s thickness of 0.1 inches will be suitable to double as this vapor layer. This                

layer adds little insulation and is merely intended to keep the thermal curtain layer working as                

efficiently as possible. 

8 Parker, Henry. “Do Thermal Curtains Really Work?” Home Reference, 
homereference.net/do-thermal-curtains-work/. 
9 SparkEnergy. “How Insulated Curtains Can Help You Save Energy.” Spark Energy, 
www.sparkenergy.com/en/blog/archive/save-energy-with-insulated-curtains/. 
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3. Photovoltaic Textile Layer 

The second role that the PIVOT Curtain plays is that of a flexible solar panel, containing                

many photovoltaic cells utilizing the technology of photovoltaic textile. These photovoltaic           

textiles are made from the ink-jetting of highly conductive photoactive solution onto textiles as              

this solution leaves highly conductive metal particles in the textile that can capture and transfer               

solar energy. These photovoltaic textiles have five layers themselves. 

The first layer is that of a textile substrate that the photoactive solution and electrodes in                

the textile are able to bond to. The specific substrate that will be used is made of polypropylene                  

tapes, which are flexible and non-conductive. Essentially, they are a thin, flexible, protective,             

plastic sheet that is laminated onto the photovoltaic textile. These form the layer between the               

thermal curtain and the photovoltaic cell, providing this binding layer for the photoactive             

solution and the electrode as well as a barrier between the two different layers. 

The second layer is made of the primary, or positive electrode of the photovoltaic textile.               

This provides the main route of transport for the energy produced by the active photovoltaic               

solution. The primary electrode of the PIVOT Curtain will be made of poly             

(3,4-ethylenedioxythiophene) metal layers, a highly conductive material that can also be           

ink-jetted onto the textile. This is an alternative to the typically used indium tin oxide metal                

layers, and this choice is being made as the poly (3,4-ethylenedioxythiophene) metal layers are              

less expensive than the indium tin oxide.  10

10 Mukesh Kumar Singh (2011). Flexible Photovoltaic Textiles for Smart Applications, Solar Cells - New Aspects 
and Solutions, Prof. Leonid A. Kosyachenko (Ed.), ISBN: 978-953-307-761-1, InTech, Available from: 
http://www.intechopen.com/books/solar-cells-new-aspects-and-solutions/flexible-photovoltaic-textiles-forsmart-app
lications 
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The third layer is made of the photoactive solution involved in the production of              

electrical energy from solar energy, through the medium of chemical energy. This layer will be               

made of a mixture of poly(3-hexylthiophene) and fullerene [6,6]-phenyl C61 butyric acid methyl             

ester. This solution is ink-jetted onto the fabric made of the substrate, now covered with the                

primary electrode, and is bound to this substrate. This is the layer that creates the electrical                

energy from solar energy, similar to the typical solar panel. This is able to be done since the                  

specific organic compounds in this layer’s solution absorb the photons from the sunlight and go               

to an excited state. In order to return to their stable, ground state, the compounds release energy                 

in the form of electrons, the source of electrical energy. These electrons can then be transferred                11

through the layers containing the metallic electrode solutions to an external battery. 

The fourth layer is the secondary, or negative, electrode, made of the same metallic              

solution as the primary electrode. This layer completes the alternating current circuit required for              

the electrons produced by the organic solution to be transferred to the external battery for               

storage. Both this layer and the second layer are transparent, however the second layer is               12

hidden behind the organic solution and this fourth layer faces out toward the window. 

The fifth layer is a protective plastic sheet, similar to the first layer. This layer ensures                

that the electrodes and organic solution cannot be damaged, creating a barrier between any small               

particles in the air and the photovoltaic textile. This layer is also transparent, allowing the               

photons from sunlight to pass through and be converted into electrical energy by the organic               

solution. 

11 Mukesh, 50. 
12 Bullis, Kevin. “Mass Production of Plastic Solar Cells.” MIT Technology Review, MIT Technology Review, 22 
Oct. 2012, www.technologyreview.com/s/410987/mass-production-of-plastic-solar-cells/. 
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The electricity produced by the photovoltaic textile travels through the electrodes to an             

external energy storage device, such as a battery. The electricity stored in this battery can then be                 

exported to external heating devices, such as space heaters, to either quickly replace the heat if                

the central heating system fails and be used until the central heating is restored. Otherwise, this                

heat can be used to reduce the amount of work being done by the central heating in order to                   

prevent future heating outages. 

 
4.  Extra Features  

The PIVOT Curtains will also be provided with detachable velcro strips. These velcro             

strips are meant to be secured to the edges of the PIVOT Curtain with the opposite strips placed                  

onto the rim of the wall that surrounds the window that the curtain is being used on. This is the                    

main reason for the required customizability of the length and width of the PIVOT Curtain. The                

dimensions of the curtain will have to match the dimensions of this opening in the wall                

surrounding the window so that the velcro strips may be placed. This securement to the wall by                 

the velcro strips ensures that the curtain remains in place and keeps the pocket of air required                 

between itself and the window. The adhesive required to attach the velcro strips to the wall will                 

also be included, though any standard adhesive will work on the curtain (glue, epoxy, etc.). 

A detachable thin plastic layer will also be provided with the product. This layer is meant                

to be attached to the side of the PIVOT Curtains facing into the room. The acrylic is intended to                   

be attached after the the canvas layer of the product has been decorated. This layer provides                

protection to the decorative layer as well as to the insulating layer, extending the lifetime of the                 

foam core. Also, this layer reflects light from the room back into itself, trapping the light in the                  

room that cannot escape out of the room, further keeping heat from being lost. The plastic layer                 
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will have a thickness of 0.05 inches and may be attached by hooks coming from the rim of the                   

PIVOT Curtains. This layer may be easily detached if any layers of the curtain do need to be                  

replaced. 

 

5. Price and Manufacturing 

Initial estimates of the cost to build a 1 meter by 1 meter PIVOT Curtain amount to ~$40.                  

This cost is from the materials cost of the acrylic layers, canvas layer, batting material, and the                 

actual materials making up photovoltaic textile. As it is currently unknown what it costs to               

produce the relevant solutions and electrodes to make the textile, an estimate based off similar               

existing products was used. Private educational and research grants will be sought out so that the                

sale price of the PIVOT Curtains will not be much more than this cost to manufacture. 

Local Baltimore factories may be utilized to produce the thermal curtain section of the              

PIVOT Curtain, as they already have access to the machinery required to produce the thermal               

curtains. Collaboration with Johns Hopkins Medicine to produce the photovoltaic textile portion            

of the PIVOT Curtain will also be sought out. This is because the ink-jetting process required to                 

assemble the electrode and organic compound solution layers of the textile can be done with               

printers used for medical imaging.  13

 

13 Bullis. 
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6. Product Schematic 

 
Thermal Curtain Layers 

1. Canvas decorative and protective layer 
2. Dense foam core insulation 
3. Vapor and air resistant protective layer 

 
Photovoltaic Textile Layers 

4. Substrate 
5. Primary electrode 
6. Printed active material 
7. Transparent electrode 
8. Transparent protective layer 
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III. COST AND ENERGY ANALYSIS 

1. Photovoltaic Energy Production 

Numerous academic and corporate studies have been conducted on the power generation            

and possible output of a photovoltaic textile formed into a curtain. In their paper, Experimental               

Study on Dynamic Thermal Response of Building Attached Photovoltaic (BAPV) Curtain Wall            

System, Chao Zhou, Ruobing Liang, Jili Zhang, and Ahmad Riaz discuss the results of their               

comprehensive testing of a photovoltaic cell wall in Dalian, China.   14

The curtain was placed at the coordinates N38.9°, E121.44° on a wall facing due south.               

According to the study, “the ambient temperature varied from 6°C to 9°C with respect from 8:00                

to 14:00 and the solar radiation intensity maintained at the value of 700 ~ 1000 W / m.” In                   15

Dalian, the sun shines for an average of 4.56 hours per day. The array was composed of 36                  

1.56m x 0.88m monocrystalline silicon solar cells, which sums to 49.42 m2 of photovoltaic              

surface area.  

The study concluded that the photovoltaic fabric wall could produce an average of 3.645              

kW during the sunshine hours, amounting to a total 6067 kWh per year or 16 kWh per day.                  

Performing our own calculations, we can arrive at a metric for power output proportional to the                

size of the photovoltaic cell’s surface area. The textile was able to produce 73.8 W/m2, which is                 

equivalent to 0.336 kWh/m2 per day or 122.8 kWh/m2 annually. 

 

14 Zhou, Chao, et al. “Experimental Study on Dynamic Thermal Response of Building Attached Photovoltaic 
(BAPV) Curtain Wall System.” Procedia Engineering, vol. 205, 2017, pp. 314–320., 
doi:10.1016/j.proeng.2017.09.985.  
15 Zhou, Chao, et al. “Experimental Study on Dynamic Thermal Response of Building Attached Photovoltaic 
(BAPV) Curtain Wall System.”  
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2. Thermal Curtain Heat Prevention 

Through an intensive study of 51 houses over several decades, Richard Fitton, Will             

Swan, Tara Hughes, and Moaad Benjaber conclude that windows account for 35% of a              

building’s total heat loss. In their paper, The thermal performance of window coverings in a               16

whole house test facility with single-glazed sash windows, the authors provide multiple analyses             

of the efficiency of thermal curtains on a variety of window types. To best compare PIVOT                

Curtains, this energy analysis will focus on double glazed windows and a loose edge curtain (ie.                

not sealed to the window frame). We will also focus on the study’s testing of a household living                  

room, which, of comparable size to a typical school classroom.  

Without coverings, the windows were found to lose 5.10 watts per meter squared per              

kelvin. With the loose edge thermal curtains, heat loss reduced to 4.13 watts per meter squared                

per kelvin, a decrease by 19.1%. At a room temperature of 294.15 kelvin (21 degrees celsius),                

this amounts to a loss of 1500 W/m2 without curtains and 1215 W/m2 with curtains. This is a                  

reduction of 285 W/m2, 6.84 kWh/m2 per day, or almost 2500 kWh/m2 per year.  

 
3. Case Study Intro: Waverly Elementary School in Baltimore, MD 

As PIVOT Curtains are focused on heat savings during the winter time in Baltimore              

public schools, we will narrow the analysis down to a specific Baltimore school as a case study:                 

the Waverly Elementary School. Opened in 2014, the school has other energy efficient and              

environmentally friendly initiatives in place, such as solar panels and grass covered roofs. The              

school currently enrolls 620 pre-k to 8th grade students.  17

16 Fitton, Richard, et al. “The Thermal Performance of Window Coverings in a Whole House Test Facility with 
Single-Glazed Sash Windows.” Energy Efficiency, vol. 10, no. 6, 2017, pp. 1419–1431. 
17“Waverly Elementary/Middle School.” Baltimore City Public Schools, www.baltimorecityschools.org/schools/51.  
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Through a visit to the school, an estimate of         

the surface area of windows on the building can be          

made, specifically those windows which are      

reasonably sized for the addition of blinds. The        

main windows of the building are approximately       

0.82 m wide by 1.93 m tall, an area of 1.58 m2 per             

window (note: these are actually divided into two        

individual panes). The upper two levels of the elementary school contain 28 sections of              

windows, each with 4 full windows and 2 windows about ⅔ the size. The ground level of the                  

building has 8 groupings of windows, each with 4 windows measuring approximately 0.82 m              

wide by 2.31 m tall (1.89 m2). Therefore, there is a window surface area of 235.9 m2 on the                    

upper two floors and 60.48 m2 on the ground floor, totaling approximately 300 m2 throughout the                

entire building (the exact number is not used because these are approximations and we do not                

have enough accuracy).  

Now, how often would the blinds actually be closed at the school to be effective?               

According to historical street view imaging of the school, we estimate that estimates that (in the                

winter) 50% of the blinds are closed half way and 20% are closed all the way, leaving 30%                  

completely open. Therefore, we use a factor of [ 0.2 + ½ (0.5) ] = 0.45 to account for the actual                     

use of the blinds during sunshine hours.  
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4. Energy Savings at Waverly Elementary School 

Note that the two studies previously done to determine the energy figures are comparable              

to Waverly Elementary School. The photovoltaic experiment was performed within a degree            

latitude of Baltimore, and so similar sun intensities are seen throughout the day. However, that               

study was conducted where the sun shines for an average of 4.56 hours per day. Baltimore                

receives an average of 5.21 hours of direct sunshine per day in the winter (this excludes cloudy                 

days and counts partly cloudy days for half). Adjusting the daylight accounted for, the              18

photovoltaic cell (operating at 73.8 W/m2) would produce 0.385 kWh/m2 per day in the winter in                

Baltimore. The thermal curtains block 285 W/m2 and would block a total of 1.48 kWh/m2 per                

day from exiting the building per day in the winter in Baltimore. 

To compute the total energy gained from the photovoltaic cells and and the total heat               

energy prevented from escaping through the windows by the thermal curtains, we use the              

following equation: . For a single day (of 5.21   U  SAU total =   per square meter ·  windows · %blinds open
       

hours of direct sunshine in the winter), Waverly Elementary school would produce 52.0 kWh              

from the photovoltaic textile and would block 199.8 kWh of heat energy from escaping through               

the windows.  

There are 89 days in the winter months (December, January, February), of which there              

are about 55 days of school, and 34 days of weekends or break. To calculate total savings, we                  

assume the school days follow our previous 0.45 use factor, and the other days, when no one is at                   

school, have a factor of 0.9 (most of the blinds are closed). In this case, Waverly Elementary                 

18 “Amount of Sunshine Maryland Gets Each Month.” Monthly Amount of Sunshine for Maryland - Current Results, 
www.currentresults.com/Weather/Maryland/sunshine-by-month.php.  
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School would generate 6398 kWh of energy from the photovoltaic textile and prevent 24575              

kWh of heat energy from escaping through the windows over the course of the winter.  

Accounting for the surrounding months (October, November, March, April) when both           

the photovoltaic and thermal components of the PIVOT Curtains are effective (and due to the               

fact that the figures calculated are based off of several approximations), we can safely conclude               

that the use of PIVOT Curtains would generate approximately 8 MWh of energy from the               

photovoltaic textile and prevent 30 MWh of heat energy from escaping per year. This is a net                 

gain of 38 MWh per year.  

 

5. Cost Savings at Waverly Elementary School 

Electricity peaks in the winter and summer as people use their heating (and air              

conditioning in the summer) units more. In Baltimore, this price averages 11.49 cents per              

kilowatt hour. Therefore, each square meter of photovoltaic fabric produces $0.044 in            19

electricity per day in the winter months at a maximum, totaling $5.97 per day for all windows.  

Natural gas (for heating) costs 99.9 cents per therm, which is equivalent to 3.41 cents per                

kilowatt hour. Each square meter of thermal curtain blocks $0.051 in heat energy from escaping               20

per day in the winter months, totalling $6.81 per day for all the windows.  

Over the entirety of winter, the photovoltaic and thermal fabric will produce electricity to              

save the school $827 and will block $1023 in heat energy from escaping. In conclusion, PIVOT                

Curtains placed throughout Waverly Elementary School will amassing a total savings of            

approximately 38 MWh or around $2000 per year.  

19 “Compare Baltimore, MD Electricity Prices | Choose Energy®.” Choose Energy, 
www.chooseenergy.com/maryland/baltimore/.  
20 “Compare Baltimore, MD Electricity Prices | Choose Energy®.” Choose Energy..  
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6. Time Until Reimbursement 

To reach this efficiency, the entirety of the 300 m2 windows will need to be outfitted with                 

PIVOT curtains. At approximately $40 per square meter, this amounts to $12,000 in             

expenditures. To hire a trained carpenter (at about $60 per hour) to install the curtains (at an                 

estimated 30 minutes a window) it would cost $6000 to install. With an additional $2000 added                

to the cost for maintenance and repairs, we see that the PIVOT curtains perfectly break even in                 

cost over the course of their expected 10 years operation: $20,000 for installation, materials, and               

repair, for a product that is expected to recover $20,000 over the same time. This is not ideal, but                   

as more research is done, the price point will decrease. Additionally, while the school monetarily               

breaks even, they are helping the environment by saving 38 MWh of electricity. 

 
IV. STRENGTHS 

1. Less heating needed 

The thermal aspect of the curtains has been around for years. In older times, thicker               

curtains were used to keep rooms insulted. Our design will insult classrooms and significantly              

reduce the amount of heat needed, putting less stress on the heating systems in the school. Less                 

stress on the heating system will allow less breakdown occurrences. Our design is simple while               

still doing the job of a thermal curtain. With less heat going out, more heat can stay in, helping                   

our local children stay warm. 

 
2.  Less heat loss through room side 

Along with less heat needed, less heat is lost through the windows. Bare windows allow               

35% of heat in rooms to exit through through the glass and gaps in the window panes (The Green                   
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Age). Curtains alone will not help, however our thermal curtain design will lower this number               

significantly. Trapping heat in the room by insulting the windows is a simple task that can be                 

achieved by our design in a fashionable and efficient way. 

 
3. Solar energy collected from window side 

Our design doesn’t just stop heating from going out. We also have designed our product               

to collect light energy from the sun through the exterior portion, facing the glass. With our fabric                 

woven with photovoltaic cells, these small but powerful devices can collect energy from sunlight              

and transfer it into power. This power is collected by a charging source attached to the curtains                 

and can be used by the school 

 
4. Combination of Heat Saving and Heat Collection 

Most devices that try to save heat energy take one of two approaches. They either 1) try                 

to find ways to insult buildings and keep heat from betting out, or 2) find ways to store other                   

forms of energy to use to power heating systems. However, our design allows a way to double                 

the degree of saving heat energy, with both collection of energy and prevention of heat loss in                 

the same device. 

 
5. Hands On Learning 

On a different aspect of this device, there is a more educational point. This device               

provides an hands on experience that allows kids to see how light energy is saved. Along with                 

this, students could test how productive the thermal curtains are with heat loss prevention. All of                

the aspects in the classroom can show kids just how efficient their schools are becoming. 

 

19 



V. WEAKNESSES 

1. Possibly stolen  

Theft in public areas is a constant problem in Baltimore. Once the value of these curtains                

is realized, there may be an issue with possible theft and attempted stealing of the curtains.                

Protection would need to be a increased concern. Whether this problem increases the cost of               

manufacturing or increases crime around the school could be a potential issue. A possible              

solution is finding a way to secure the curtains to the walls, making theft without damage to the                  

curtains an extremely hard task.  

 
2. Cost 

The thermal curtain aspect of the design is nothing more than a normal thermal curtain,               

however the photovoltaic cost is what will increase the price significantly. The curtain itself is               

approximately $40 to produce. However, with the added photovoltaic cells, generator, and            

installation process, the upfront cost would be approximately $12,000, and subsequently, the            

school saves at least $2,000 a year through heat and energy costs. The life expectancy of the cells                  

are roughly 10 years. This would allow, within the lifetime of the cells, for the school to start                  

making money and break even off the curtains. 
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VI. CRITERIA 

1. Addresses Problem 

This issue is extremely important in local Baltimore public schools, as making sure             

children have proper heating at school is essential. Children should have to only focus on               

learning, not seeing their breath when they are inside in December. This year, 85 schools faced                

classrooms with temperatures of 40 degrees. This is not acceptable and needs to be fixed. This                

design targets directly to this local issue and helps keep our children warm. 

  

2. Manufactured and Delivered at a Low Cost 

The goal of the PIVOT curtains is of long term design. Upfront, manufacturing and 

production costs are quite high, as stated at $12,000. However, the thermal curtains save              

approximately $2,000 a year with heating costs and pay themselves off well before the life of the                 

cells die out. If the school can get over the initial hump of the upfront costs, the children and                   

school will be better off not so far down the road. 

 

3. Low-Maintenance 

This device should have little maintenance to keep it running. Once it is set up, the                

building can leave it there and let the device do its work. There is no need to change filters or                    

check for damage since it is inside and running 24/7 if need be. The external battery will need to                   

be unhooked from the curtains in order to use, plugging it into a power source in order to use the                    

stored energy. Besides unloading a full battery, the design allows very little upkeep. 
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4. Easy to Use 

The curtain is relatively easy to use. All the user has to do is replace their current curtains                  

with this new design and follow the following steps: (1) hang curtain from preexisting curtain               

rack, (2) optionally add velcro or snaps to side to trap more heat, those can be added, and (3)                   

connect photovoltaic cell collector to storage unit. This quick 2-3 step process allows             

implementation to be easy, efficient, and fast, making sure children don’t have to see their own                

breath next winter. 

 
5. Achieves Performance Goal  

This type of curtain has a two pronged approach to save energy. Thermal curtains do a                

great job of keeping in heat, and photovoltaic cells do a great job of absorbing light energy.                 

However, neither of these can do the other’s job. These curtains combine the strength of both                

styles of energy conservation and make a dual threat heat/light energy machine. While many              

companies try and use one of these aspects in order to save heat and energy, using both provides                  

a two-pronged attack on the issue of unnecessary heat loss and permits the sustainable              

production and collection of energy.  

 

VII. COMPARISON TO EXISTING TECHNOLOGY 

1. Infrared Thermometer Detection Gun 

This device is targeted at local schools around a city that are having problems with both                

keeping a school heated and wasting money on heating/cooling systems. The Infrared            

Thermometer Detection Gun is used in the same technique a radar gun would be used to see how                  
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fast an object, such as a car, is moving. The thermometer gun is pointed at a wall and the thermal                    

conductivity and resistance is calculated by finding the internal surface temperature, the external             

surface temperature, and the internal air temperature and plugging them into a pre-existing             

formula (Cage, Walls, Wolfe). With this calculation, the wall, window, or structural component             

can be determined if it is efficient with heat loss prevention or not. The Infrared Thermometer                

Detection Gun was implemented in Oxford, Mississippi and was tested on local schools in order               

to see if the structures (walls, windows, and ceilings) of the schools were able to adequately                

insult and allow air condition and heat to stay in the building. 

 
2. Under-The-Door Draft Stopper 

The Under-The-Door Draft Stopper is simply two pieces of foam wrapped in fabric that              

slides under any door, with a piece of circular foam on each side stretching the length of the                  

door. The foam acts as a barrier of cold air flowing in and warm air and heat flowing out. The                    

normal gap that is between the bottom of a door and the floor allows air and, more importantly,                  

heat, to flow out with little prevention. The Under-The-Door Draft Stopper prevents this easy air               

flow and keeps heat in the room it is supposed to be in. The aspect that is kid-friendly is the                    

ability to make your own. Some schools have began trying to save energy by teaching kids ways                 

to make devices like this with pool noodles and old clothes as fabric and foam. This                

do-it-yourself device now involves students in the learning process while also keeping heat from              

leaving the classroom. 
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VIII. CONCLUSION 

The PIVOT Curtain was designed in order to provide a solution to Baltimore Public              

Schools’ infrastructural problems related to failures in heating systems, leaving students,           

teachers, and parents alike demanding an environment more conducive to learning. This            

technology provides an alternative to replacing entire heating systems for schools in Baltimore             

City. which is notorious for using funding inefficiently in regards to public education. Though              21

the current cost estimates of PIVOT Curtains have high uncertainties due to the relatively recent               

development of the technology, there is a definite benefit of the curtains for the environment and                

for the students themselves, providing a net-zero cost solution. The curtains act as an              

environmentally-friendly solution that provides a failsafe for the schools whose heating may be             

impacted by severe winter. It looks to the future in both of these aspects, taking into account the                  

necessity of moving away from non-renewable energy sources as well as understanding the             

importance of education in the upbringing of the next generation. Furthermore, PIVOT Curtains             

have implications for settings outside of the traditional classroom. The technology has similar             

benefits for any room it is used in, and may be used to benefit the carbon footprint and cost                   

efficiency of heating at home, at work, or in schools. Above all, the PIVOT Curtain was made                 

for Baltimore Public Schools, Baltimore City needs to better fund these schools and their              

infrastructure so that thousands of students may be able to learn in appropriate and comfortable               

conditions. In the meantime, PIVOT Curtains do provide a temporary solution that do provide              

relief to these students, and in a way that works toward bettering the Earth. 

21 Bowie, Liz. “'We Can't Make Do Anymore': Baltimore-Area School Districts Rebel against Decade of Tight 
Budgets.” Baltimoresun.com, 10 Mar. 2019, 
www.baltimoresun.com/news/maryland/education/k-12/bs-md-state-school-funding20190227-story.html. 
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