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Abstract  
 

The CleaN waTer filtration device strives to effectively and efficiently remove 100% of bacteria 

from water using solar power. Access to clean water is a common problem for communities 

throughout the world. Many of these communities also struggle to overcome poverty, low 

education, and minimal access to electricity. Manchay, Peru is one of these many communities.  

The quality of water in Manchay is unknown, and the only effective method of water treatment 

in the area is boiling.  The development of a robust and easy to use water filtration system that 

does not require electrical infrastructure has the potential to provide such a community with a 

reliable source of clean water. The CleaN waTer device outputs clean water after the input of 

contaminated water and solar radiation. The solar power is stored in a battery. The stored energy 

powers a pump that propels water through an electrochemical filter. The electrochemical filter 

uses multiwalled carbon nanotubes (MWNTs) to deactivate and sieve the bacteria. This system 

outputs one liter of water in 25 minutes and can output up to 6.5 liters of water after one charge. 

The device was evaluated by measuring the levels of Escherichia coli (E.coli) in the effluent 

water. Water treated with the device passes the EPA regulations for potable water. Due to the 

intuitive nature of the CleaN waTer filtration device, it could revolutionize water treatment in 

Manchay and impact other communities around the world. 
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1 Introduction  

1.1 Motivation  
“Dirty water is the world’s biggest health risk” [1]. This is the 

issue the CleaN waTer system strives to improve. Contaminated water 

can cause diarrhea, disease, and in severe cases death. Diarrhea is the 

cause of death for over 40 percent of children ages five years and 

younger [2]. Microbial contaminated water is prevalent in many 

developing communities. Manchay, located outside of Lima, Peru 

(Figures 1), is one of the many communities affected by contaminated 

water supplies. I have chosen Manchay, Peru because of my firsthand 

experience in the community where I witnessed the lack of 

infrastructure in the community and how this affects their water 

supply (Figure 2). 

 

 

 

 

 

 

 

 

 

Figure 1: Location of 

Manchay, Peru. Manchay is 
a low income community on 

the outskirts of Lima. 
Manchay inhabitants are the 

intended users of the water 
filtration system. 

Figure 2: Observation while visiting Manchay. Children of 

Manchay learn to play field hockey during a visit from a local 
NGO.  



2 

 

1.2 Customer Information 

In Manchay the three largest problems are the 

water supply, water storage, and water quality. The 

supply and quality problems arise from the lack of 

infrastructure, which has led to unregulated water 

truck delivery businesses. Water is delivered to 

residents of Manchay via truck (Figure 3), but 

because there are no regulations the origin and 

quality of the water is unknown – the water could 

be tap, river, or surface water.  

The other large water problem is storage. After 

water delivery, residents store water in various types 

of tanks. Tanks range from well-sealed basins (that 

can be bought at a local hardware store) to plastic bins 

covered with tarps to brick enclosures (Figure 4). In 

most storage units it is easy for contaminants to enter 

the stored water. Therefore the water quality degrades 

further before consumption, creating a larger demand 

for an easy and effective way for residents to purify 

water.  

 The quality of the water in Manchay is unknown 

but the water quality of the main water sources for Lima is well known. The Rimac and 

Huaycoloro rivers are the main water sources for Lima and the surrounding area (which includes 

Manchay). As shown in Figure 5 below, the Rimac River has high levels of microbial 

contamination, while the Huaycoloro River (not shown) is largely chemically polluted. Sandoval 

Lake in Peru is much less contaminated because of it is located in the 

Tambopata National Reserve. Figure 5 proves the necessity of water treatment methods in 

Manchay.  

 

Figure 3: Water is delivered infrequently to 

Manchay via unregulated water trucks. This is the 
only source of water for the community. 

 

Figure 4: After water delivery, water storage varies 

throughout Manchay. Some families have airtight 
Eternit containers and others store their water in 

plastic bins or tarp-lined brick vessels which are 
exposed to the dusty air. 
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Figure 5: Water samples from sources in both Peru and Massachusetts. 

 

2 Background Research  

Research was completed to better understand current water treatment methods in Manchay, 

gain awareness of other water treatment methods, and investigate the use of multiwalled carbon 

nanotubes (MWNTs). 

  

2.1  Current Water Treatment in Peru  

In Manchay, the current disinfection method for water is boiling. Previous disinfection 

methods have been executed with little success. For example, Peruvian NGOs introduced 

chlorine tablets to communities with contaminated water with limited success due to the limited 

education in these areas. Inappropriate levels of chlorine were added to the water, causing 

residents to become sick due to exceedingly high or low levels of chlorine. This example exhibits 

the importance of considering education level in water treatment design.  
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Table 1: Water Disinfection Methods in Manchay, Peru 

Type of Disinfection Power Source Time to 

Disinfect 

Disinfection Successful 

Boiling  Wood stove 60 minutes 1 Yes  

Chlorine tablets Human mixing  2 minutes No – inappropriate amount 

of chlorine added  

 

As summarized by Table 1, boiling water is the only effective way to disinfect water in 

Manchay. Unfortunately boiling water does not come without harm. The water is boiled on a 

wood stove, introducing particulate into the air which is harmful for the user’s health. It would 

be beneficial to have a faster, safer way to disinfect water. 

  

2.2  Other Water Filtration Devices  

The global problem of “dirty water” has been addressed by many products (Table 2). The 

current range of products includes a variety of water treatment methods as well as a variety of 

powering mechanisms. The CleaN waTer System is similar to the products that explore 

electrochemical filtering and off-the-grid powering options. The largest difference of the CleaN 

waTer System is its exploration of multiwalled carbon nanotubes (MWNTs) as the primary 

disinfectant mechanism.  

 

 

 

 

 

                                                 
1 See section 3.1.2 for time calculation.  
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Table 2: Existing Water Filtration Devices 

Existing System 

/ Related Work 
Description Take Away 

ES 100 Project: 

Raquel 

Schreiber [3] 

Water gun that filters water to primary 

contact water standards. Increases filter 

lifetime by the addition of backwashing.  

Effect of backwashing on 

lifetime of device.  

ES 100 Project: 

Riju Agrawal 

[4] 

Three-stage water filtration using 

electrochemical carbon membranes. His 

prospective user was the people of India.  

Communities all around the 

globe are afflicted by 

contaminated water.  

LifeStraw [5] Water purification device. Cleans water 

using an induced pressure and hollow 

fiber membranes.  

Overly expensive for 

developing world because of 

its short lifetime.  

Seldon Water 

Box [6] 

Water purification device. Purifies water 

using Nanomesh™ technology and 

electricity input.  

Great for a variety of 

applications but is too 

expensive for families to buy a 

unit.   

Tata Swatch [7] Water purification device. Has both non-

electric and electric versions designed to 

disinfect water.  

Importance of having both 

electric and non-electric 

options. 

Play Pump [8] Children’s merry-go-round serves as 

mechanical input to pump ground water 

into a local storage tank. Addresses 

access problem not quality problem.  

Highlights the importance of 

understanding the user before 

designing.  
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2.3  Multiwalled Carbon Nanotubes (MWNTs) as Filtration Device  

Chad Vecitis proved the efficacy of 

bacterial and viral inactivation and 

removal by anodic multiwall carbon 

nanotubes [9] (Figure 6).  The study 

proves efficacy through the 

examination of both viral MS2 and 

bacterial E.coli removal. Bacterial 

removal occurs through electrolysis 

with the MWNTs, resulting in the inactivation of 

the bacteria, after which the small pore size of the 

MWNTs sieves the bacteria, outputting clean 

water. To assess this approach, isotonic saline 

solutions (155 mM) containing 10^7 E.coli cells 

were tested in the electrochemical filter. The 

experiment concluded > 99% of the E.coli were 

inactivated by the MWNTs when treated for 30 

seconds at 3 volts (Figure 7). The CleaN waTer 

system will build off this technology. The system 

will explore bacterial (E.coli2) removal at lower 

concentrations to represent river sources and 

implement higher flowrates to experience faster 

water filtration.  

 

 

 

 

                                                 
2 See section 3.1.1 to explain why E.coli is used to test efficacy.  

     

 

 

 

 

 

 

Figure 7: MWNTs used in an electrochemical filter, effectively 
remove bacteria and viruses from the water. 

Figure 6: Results from the Vecitis study analyzing the loss of 

viability of E.coli when treated with MWNTs at varying 
times and applied voltages. [9] 
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3 Design Goals 

After the completion of proper background research the performance specifications and 

customer requirements for the device could be properly identified.  

 

3.1  Performance Specifications 

The most important parameters to consider during the creation of the CleaN waTer system 

are the effluent E.coli concentration, time to disinfect the water, time to charge the device, ease 

of use, overall prototyping cost, and form factor of the device. These parameters are summarized 

in Table 3 and described in detail below.  

Table 3: Design Specifications 

Parameter Specification 

E.coli Concentration 0 mg/L 

Disinfection Time < 1 hr/L 

Charging Time < 15 min 

Ease of Use No education necessary 

Prototype Cost $150 

Form Factor Small volume 
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3.1.1 E.coli Concentration 

E.coli will be used to test the efficacy of the device. The EPA suggests using E.coli 

concentration to measure water quality [10] because E.coli is a bacterial indicator for the amount 

of fecal matter in water, and therefore the amount of pathogens in the water. The specified 

effluent E.coli concentration for the CleaN waTer System is consistent with the EPA regulations 

for drinking water [11]. 

 

Figure 8: Table of Regulated Drinking Microorganism Contaminants as published by the EPA. [11]  
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3.1.2 Disinfection Time 

It takes approximately 60 minutes to boil and cool one liter of water (Equation 4). The 

altitude of Lima is 1.6 km, resulting in a lower barometric pressure of 800 hPa (Equation 1) and 

therefore a lower saturation temperature of 95 degrees Celsius. To disinfect water at this altitude 

one must first boil the water (Equation 2), let the water boil for 3 minutes to ensure proper 

disinfection at an altitude of 1.6 km [12], and then let the water cool (Equation 3). Summing the 

boiling, disinfecting, and cooling times it takes 56.2 minutes to disinfect one liter of water by 

boiling in Manchay (Equation 4). This calculation was done assuming no movement of the water 

between a colder pot and the heated pot because this would reintroduce contaminants into the 

water. 

𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒  

𝐵𝑎𝑟𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝐿𝑎𝑤: 𝑃𝐿𝑖𝑚𝑎 =  𝑃𝑠𝑒𝑎  𝑙𝑒𝑣𝑒𝑙 ∗ 𝑒
−1.6 𝑘𝑚

𝐻 = 800 ℎ𝑃𝑎 (1) 

𝑇𝑆𝐴𝑇(800 ℎ𝑃𝑎) =   95℃  

 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝐵𝑜𝑖𝑙  

∆𝑇 =
𝑄

𝑃
=

𝑚𝐶∆𝑇

𝑃
= 5.2 𝑚𝑖𝑛 (2)  

 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝐶𝑜𝑜𝑙 

𝑁𝑒𝑤𝑡𝑜𝑛′𝑠 𝐿𝑎𝑤 𝑜𝑓 𝐶𝑜𝑜𝑙𝑖𝑛𝑔: 𝑇𝑓 =  𝑇𝑆 + (𝑇𝑖 − 𝑇𝑠)𝑒−𝑘𝑡 (3) 

𝑘𝑤𝑎𝑡𝑒𝑟 𝑖𝑛 𝑎𝑖𝑟 = 0.056 

∆𝑇 ≈ 48 𝑚𝑖𝑛𝑢𝑡𝑒𝑠  

 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝐵𝑜𝑖𝑙 1 𝐿𝑖𝑡𝑒𝑟 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟
= 𝑇𝑖𝑚𝑒 𝑡𝑜 𝐵𝑟𝑖𝑛𝑔 𝑊𝑎𝑡𝑒𝑟 𝑡𝑜 𝐵𝑜𝑖𝑙 + 3 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑜𝑓 𝑑𝑖𝑠𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 + 𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑡𝑜 𝐶𝑜𝑜𝑙
=   5.2  +  3 +  48 = 56.2 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 (4) 

𝑁𝑒𝑐𝑒𝑠𝑠𝑎𝑟𝑦 𝐹𝑙𝑜𝑤𝑟𝑎𝑡𝑒 ≈ 1
𝐿𝑖𝑡𝑒𝑟

ℎ𝑜𝑢𝑟
≈   17.8 

𝑚𝑙

𝑚𝑖𝑛
 

 

Therefore the CleaN waTer system aims to disinfect one liter of water in less than an hour.  
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3.1.3  Charging Time 

The charge time of the device should be less than 15 minutes of human input because it is 

ergonomically unreasonable to ask an individual to power the device for more than 15 minutes.  

 

3.1.4 Ease of Use 

The device should be easy to use and require no formal education to run. This 

requirement is inspired by the chlorine tablet trial in Manchay, because in that case the 

individuals of Manchay did not have the baseline knowledge to correctly implement the 

technology. Therefore the CleaN waTer System should be intuitive to the people of Manchay.   

 

3.1.5 Prototype Cost 

Manchay, similar to the majority of the developing world, 

is a low income community, so the cost of the CleaN waTer 

System must be considered. Currently many of the families in 

Manchay save money to purchase a large water tank for storage 

of water between water truck deliveries. These large tanks can be 

purchased at Sodimac (similar to a Lowes or Home Depot) for 

prices ranging between 140 and 210 American dollars for an 

1100 liter container [13]. The goal prototyping cost of the CleaN 

waTer System is $150, assuming that large scale manufacture 

will drive down the price and the lifetime of the system will 

approach that of an Eternit water container, a technology that the 

families of Manchay can already afford.   

 

3.1.6 Form Factor  

The form factor should be compact and of small volume to easily fit within the small homes 

of the Manchay families.  

 

 

Figure 9: 1100 liter water tank from 
Sodimac.  Popular water storage 
method throughout the Manchay. 
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3.2 Consumer Requirements 
Consumer requirements were considered in the above design specifications. These 

requirements were analyzed during a SEAS trip to Manchay in January 2015, with help from the 

students at the Universidad de Ingeneria y Tecnologia (UTEC). 

 

4 Design Details 

4.1 Overall Design  

The CleaN waTer design intakes, purifies, and holds up to 

one liter of water. During purification a peristaltic pump propels 

water through the electrochemical filter. The electrochemical filter 

applies three volts across Nano Tech Labs [14] multiwalled 

carbon nanotube buckypaper. The pump and electrochemical filter 

are powered mechanically eliminating the necessity of a grid 

connection to run the device.  

 

4.2 Design Components 

The main components (Figure 10) of the system are the electrochemical filter, the 

peristaltic pump, the mechanical power source, and the water reservoirs. Below are the design 

details for each component.  

 

 

 

 

 

 

 

      

Figure 10: Overall design and main 

components of the CleaN waTer System.  
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4.2.1 Electrochemical Filter 

Crucial to the CleaN waTer System is the 

electrochemical filter. The filter design (Figure 11), as used by 

the Vecitis lab, contains a titanium cathode and titanium anode, 

insulated by a silicon rubber gasket. After the electrodes, a 

sheet of multiwalled carbon nanotube (MWNTs) bucky paper is 

supported by PVDF paper. The entire system is encased by a 

VWR plastic filter holder [15] (Figure 12).  

 Conductive MWNTs 

are an excellent choice for 

an electrochemical filter 

because they do not require 

a lot of power. As proven by the Vecitis lab, application of 3 

volts across MWNTs effectively removes viruses and 

bacteria from water [9]. When 3 volts are applied the filter 

pulls 1 mA of current for a total of 3 mW. Assuming a 

maximum time per run of one hour per liter of water, two 

lithium ion batteries could disinfect approximately 2000 liters of water off one charge (Equation 

5).  As additional components are added to the schematic, however, the number of runs 

decreases. By adding two dim LEDs the number of runs off one charge decreases by half 

(Equation 6).  

Table 4: Electrochemical Filter Lifetime as a Function of Power Consumption 

Battery Type 
Energy per 2 

Batteries (Wh) 

Number of Runs 

only accounting for 

the Filter (Liters of 

Water Filtered) 

Number of Runs 

with Visual 

Feedback 2 LED 

(Liters of Water 

Filtered) 

Alkaline 5.2 1733 787 

Lithium Ion 6.2 2066 939 

 

 

Figure 11: Electrochemical filter design 

used in the CleaN waTer System.  

 

Figure 12: Built electrochemical filter. 
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𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑢𝑛𝑠 (𝑓𝑖𝑙𝑡𝑒𝑟) =
𝐸𝐵𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠(𝑊ℎ)

𝐸𝐹𝑖𝑙𝑡𝑒𝑟(𝑊ℎ)
 (5) 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑢𝑛𝑠 (𝑓𝑖𝑙𝑡𝑒𝑟 + 𝐿𝐸𝐷𝑠) =
𝐸𝐵𝑎𝑡𝑡𝑒𝑟𝑖𝑒𝑠(𝑊ℎ)

𝐸𝐹𝑖𝑙𝑡𝑒𝑟(𝑊ℎ)+ 2∗𝐸𝐿𝐸𝐷(𝑊ℎ)
 (6) 

𝐸𝐹𝑖𝑙𝑡𝑒𝑟(𝑊ℎ) =  𝑃𝐹𝑖𝑙𝑡𝑒𝑟 ∗ 𝑅𝑢𝑛 𝑡𝑖𝑚𝑒𝑚𝑎𝑥 = 3 𝑚𝑊 ∗ 1 ℎ𝑟 = 3 𝑚𝑊ℎ (7) 

𝐸𝐿𝐸𝐷(𝑊ℎ) =  𝑉𝐹 ∗ 𝐼 ∗ 𝑅𝑢𝑛 𝑡𝑖𝑚𝑒𝑚𝑎𝑥 = 1.8 𝑉 ∗ 1 𝑚𝐴 ∗ 1 ℎ𝑟 = 1.8 𝑚𝑊ℎ (8) 

 

Once the power requirements were analyzed the run time of the 

filter could be investigated. To minimize run time, flow rate must be 

tested against bacterial removal. The highest flow rate with 100% 

bacterial removal will result in the minimum run time. As discussed 

earlier, E.coli was the chosen bacteria because it is a good indicator for 

harmful bacteria in water. E.coli is also easily identifiable in water and has 

a fast reproduction time, making it a great candidate for testing. Before 

testing for effluent bacterial concentrations the influent concentration 

must be standardized. Water samples from both Massachusetts and Peru 

were examined to determine an influent rate using the Colilert method 

[16] (see Figure 5 in section 1.2). The average influent concentration used 

was 2000 MPN, comparable to the highest microbial concentrations in 

Peru.  

 Before filtration began the MWNT paper was pretreated to 

decrease the hydrophobicity and increase the permeability of the filter. 

(Figure 13).  The MWNTs were vacuum filtered with 10 mL of EtOH and then 600 mL of 

deionized water (DI-H20). 

First the effect of applying a voltage to the MWNTs was tested by comparing trials of 

effluent water with and without 3 volts applied. As you can see in Figure 14, applying 3 volts 

effectively removes 100% of bacteria from the water, while no voltage application results in only 

85% removal of E.coli. 

 

Figure 13: Pretreatment of 

the MWNT paper with 
ethanol to reduce the 

hydrophobicity of the 

membrane.  
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 Next the effect of flowrate on bacterial removal was tested, by running 1.1 L of the E.coli 

solution through the filter. The filter was washed with 500 mL of DI-H20 between trials. A 

power source was used to apply 3 volts across the MWNTs and a peristaltic pump was used to 

vary the flowrate through the filter (Figure 15). The solution comprised of 2000 MPN E.coli in 

155 mM NaCl in DI-H20. The effluent water was tested by isolating the first 100 mL of the 

effluent (0-100 mL) and the last 100 mL of effluent (1000 – 1100 mL). The Quanti Tray 2000 

[16] Colilert method was applied to the isolated samples and the influent solution. Colilert was 

added to the 100 mL samples, which were then sealed in 97-celled Quanti Trays and incubated 

for 24 hours to make the contaminated cells fluorescent and easily identifiable under UV light 

(Figure 15). From the number of fluorescent cells, the Most Probable Number (MPN) of bacteria 

in the solution could be identified.  

      

Figure 14: Results of the application of 3 volts across the electrochemical filter, measuring 

for complete removal of E.coli from the effluent solution. 
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Figure 15: a.) Testing the effect of flowrate on bacterial removal.  b.) Effluent bacterial concentrations were measured using the 

Colilert Quanti Tray method [16] to evaluate the Most Probable Number (MPN) of E.coli in the effluent. 

The bacterial concentrations of the 1 L effluent sample were compared to the influent 

bacterial concentrations to determine percent removal. The maximum flowrate with 100% 

removal was 40 mL/min which is successfully below the design specification of 1000 mL/60 min 

(Figure 16).  

 

Figure 16: Determining the maximum flowrate through the electrochemical filter that will result in complete removal of E.coli 

from solution. 

The permeability of the MWNTs was characterized during the flowrate measurements, by 

measuring the inline pressure at varying flowrates while keeping the filter area constant. 
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Permeability is calculated by dividing the changing flux by the changing inline pressure, where 

the flux is dependent on the flowrate of the water and the surface area of the membrane. The 

permeability of the MWNTs was evaluated to be 70 L/(hr*m2*kPa) (Figure 17).  

𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
∆𝐹𝑙𝑢𝑥

∆𝑃 
=  70

𝐿

ℎ𝑟 ∗ 𝑚2 ∗ 𝑘𝑃𝑎
  

 

 

Figure 17: Permeability of MWNT Sheet. Permeability is characterized by the flux per pressure for a given filter. The 

permeability of the MWNTs is 70 L/(hr*m2*kPa).  

The high permeability of the MWNTs proved the necessity of a pump to propel water through 

the filter. 
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4.2.2 Pump 

The pump chosen for the CleaN waTer System was a 

peristaltic pump from Adafruit (Figure 18). This type of a 

positive displacement pump was chosen because peristaltic 

pumps are water tight and food safe because the pump never 

comes in direct contact with the liquid being displaced. The 

failure point of peristaltic pumps is the tubing within the 

pump head which wears out over time due to friction. In the 

case of the CleaN waTer System, the filter should fail before 

the pump tubing, so the wear due to friction is not a concern. 

The Adafruit pump is low cost ($24.95), low mass (200 g), specified for 0 – 100 mL/min, and 

relatively low power (3.6 W).  

Characterization of the pump determined that the application of 9 volts across the 

peristaltic pump when connected to the electrochemical filter results in the desired flowrate (40 

mL/min). At 9 V the motor produces 3000 RPM and consumes approximately 2.6 W (Figures 19 

and 20). 

 

Figure 19: RPM of the peristaltic pump as compared to flowrate and applied voltage. 
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Figure 18: Peristaltic pump purchased from 

Adafruit. 
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Figure 20: Power consumption of the peristaltic pump as compared to flowrate and applied voltage. 

 

4.2.3 Mechanical Power Source 

Once the electrochemical filter and pump were characterized, the power budget was 

determined. The power budget for the system is 3 W (Table 5).  

            Table 5: Power Budget of System 

Component 𝑷𝒂𝒗𝒈 (𝑾) 

Pump 2.6 

Filter 0.003 

2 LEDs 0.0036 

Total 2.7 

 

 In order to have a consistent source of energy, the system must contain an energy storage 

mechanism. Both electrical and mechanical storage mechanisms were considered. Storing energy 

electrically allows for easy implementation of backwashing, which is important for proper 

cleaning of the filter. Storing energy electrically increases the charging time because of losses 

due to switching from input mechanical energy and to stored electrical energy and then back to 

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

4 6 8 10

P
o
w

er
 C

o
n
u
su

m
p
ti

o
n
 (

W
)

F
lo

w
ra

te
 (

L
/h

r)

Applied Voltage (V)

Flowrate and Power Consumption of Peristaltic Pump

Average Power

Consumption

Average Flowrate



19 

 

mechanical energy of a pump. Storing energy mechanically is more efficient because there is no 

conversion of energy types. Options for storing mechanical energy include storing potential 

energy in a spring or height as well as storing kinetic energy in a flywheel. These energy storage 

methods are summarized in Table 6 below.  

Table 6: Types of Energy Storage 

Energy 

Storage 

Human 

Input 

Product 

Examples 

Form 

Factor 

Charging 

Time 
Durability 

Ease of 

Backwashing 

Implementation 

Spring (PE) Arm 
Wind up 

radio 
    

Gravitational 

(PE) 
Arm 

Cuckoo 

Clock 
    

Flywheel 

(KE) 
Leg Bike     

Battery (EE) 
Arm / 

Leg 

Bike 

dynamo 

phone 

charger 

    

 

 Once the energy storage options were identified the power input of each method was 

analyzed (Table 7). Overall the flywheel produced the most power but required constant 

pedaling. The spring provided just enough power and offered a short charging time. Lifting of a 

mass also has a short charging time but does not produce enough power.  
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Table 7: Power Analysis of Mechanical Storage Mechanisms 

Mechanical 

Input 

Energy 

Storage 

Energy Equation Energy 

Possible 

(J) 

Power 

Possible for 

30 min. 

Hand Crank 

to Wind 

Spring 

Spring (PE) 𝐸 =
1

2
𝑘𝑡𝜃2 =

1

2
𝑇𝜃   5655  3.0 W 

Hand Crank 

to Lift Mass 

Gravitational 

(PE) 

𝐸 = 𝑚𝑔ℎ 20 11.1 mW 

Pedal Bike Flywheel (KE) 
𝐸 =

1

2
𝐼𝜔2 

48  48 W 

 

 To fulfill the compact design specification the device must be powered with human arm 

power as opposed to leg power, even though leg power offers much more energy. This design 

constraint leaves spring power as the only feasible type of mechanical storage. It is also possible 

to store energy electrically and have a compact form factor.  

 

4.2.4 Water Reservoirs 

The water reservoirs must be food safe, water tight, 

and machine-able, and 10 cm3 in volume. Rubbermaid 

containers (Figure 21) were chosen because of their food 

compatibility, tight seal, durable but machine-able material, 

variety of volumes, and low cost. 

 

 

 

 

 

 

Figure 21: The CleaN waTer System uses 
Rubbermaid containers as water reservoirs. 
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4.3 Design Summary 

Each component of the CleaN waTer System must work cohesively to properly and 

efficiently fulfill the design specifications. In order for the design to be compact it must use arm 

power as opposed to leg power. To deliver consistent power to the filter electrical energy needs 

to be stored and because of the filter’s low power requirement it is reasonable to have the filter 

run off of 3 batteries if the pump is powered mechanically. To minimize run time a flowrate of 

40 mL/min will be used through the filter. A low power peristaltic pump will be used because of 

its food safe nature. Low cost Rubbermaid containers will be used as the prototype’s water 

reservoirs. Finally, energy storage will be explored further in the section 5.  A summary linking 

the components and design goals is displayed below (Table 8).  

Table 8: Design Approach Summary 

Component Design Goal Selection 

Mechanical Input Compact  Arm 

Power Input to Filter Consistent, efficient Battery 

Flowrate Minimize time to filter water 40 mL/min 

Pump Food safe, low power Peristaltic 

Water Reservoirs Food safe, water tight, low 

cost 

Rubbermaid containers 

Energy Storage Efficient Needs further examination  
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5 Design Evolution 

The design evolution for the CleaN waTer System involved the prototyping of three different 

powering mechanisms. The first prototype explores charging a battery with a hand crank that 

powers the system. Prototype 2 explores energy storage in a constant force spring to power the 

pump. The third and final prototype explores charging the battery via solar radiation.  

 

5.1  Prototype 1: Energy Storage in Battery 

Prototype 1 (Figure 22) needs an input of rotational 

mechanical energy to charge a battery (Figure 23). 

The rotational energy is input to a shaft via hand crank. 

The energy drives the shaft of a 12 V DC motor, which 

outputs electrical energy into a power management 

integrated circuit. 

The power 

management 

integrated circuit 

allows the lithium 

ion batteries to 

charge and output a 

controlled voltage 

to both the pump 

and filter (Figure 24).  

 

 

Figure 23: Flow diagram of Prototype 1. 

 

Figure 24: Power transformation block diagram of Prototype 1.  

 

Figure 22: Solidworks model of Prototype 1: Energy 

Storage in a Battery. 
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 The energy needed to power the system is 3 W. Considering the inefficiencies of the 

motor and necessary discharge time of 30 minutes, as well as the ergonomic charging time of 15 

minutes, the necessary input power is 10 W (Equation 9). After testing the average input power 

of an individual was determined to be 0.72 W.  

 

𝑃𝑠𝑦𝑠𝑡𝑒𝑚 = 3 𝑊 

𝑃𝑛𝑒𝑒𝑑𝑒𝑑 = 𝑃𝑠𝑦𝑠𝑡𝑒𝑚 ∗ 𝑚𝑜𝑡𝑜𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 ∗
𝑐ℎ𝑎𝑟𝑔𝑒 𝑡𝑖𝑚𝑒

𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑡𝑖𝑚𝑒
= 10 𝑊 (9) 

𝑃𝑎𝑣𝑔.𝑖𝑛𝑝𝑢𝑡 = 0.72 𝑊  

 The maximum output of the chosen motor is 60 W but the human input was only 0.72 W. 

This occurred because the speed of 80 RPM could not be sustained for a long period of time 

(Figure 25). In order to lower the speed the stall torque would increase. If the speed was lowered 

to reasonable levels for human input the stall torque would exceed ergonomic levels.  

 

Figure 25: Specifications of 12 V DC motors from Pololu. [17]. 

 The hand crank of Prototype 1 cannot output enough energy to power the system for an 

extended period of time. Therefore Prototype 1 is not the optimal power mechanism for the 

CleaN waTer System.  
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5.2  Prototype 2: Energy Storage in Spring 

Prototype 2 incorporates wind up spring technology used 

in the Freeplay 360 Radio [18] (Figure 26). Mechanical 

energy is stored in a constant force spring after being wound 

around an axel. As the spring unwinds it outputs constant 

rotational motion, which powers the peristaltic pump. The 

output speed is 

dependent on the 

load applied to the 

spring. Proper gearing results in the correct output 

speed (Figure 28).  

 The electrochemical filter, however, still requires 

an applied voltage. Due to the low power requirements 

of the electrochemical filter (Table 4 section 4.2.1), the 

electrochemical filter can be run off three AA batteries. 

In Prototype 2 the pump and filter run off different 

power sources (Figure 27). 

 

 

 

Figure 28: Power transformation block diagram of Prototype 2. 

 As determined by characterization of the pump, 40 mL/min are produced when the pump 

runs at 3000 RPM. At 3000 RPM the pump applies 1 oz-in of torque (Equation 11). At 3000 

RPM the output torque of the Freeplay 360 Radio is 0.3 oz-in, which is not enough to run the 

motor.  

𝑇 = 𝑃 ∗
9.549

𝑅𝑃𝑀
≈ 1 𝑜𝑧 ∗ 𝑖𝑛 (10) 

𝑇 = 0.3 𝑜𝑧 ∗ 𝑖𝑛  

 

 

Figure 26: Wind-Up Radio by Freeplay Energy [23]. 

Figure 27: Flow diagram of Prototype 2. 
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𝑘𝑡, 𝑠𝑝𝑟𝑖𝑛𝑔  < 𝑘𝑡, 𝑛𝑒𝑐𝑒𝑠𝑠𝑎𝑟𝑦  

 

Unfortunately the spring constant of the spring of the Freeplay 360 is not high enough to power 

the CleaN waTer System.  

 

5.3 Prototype 3: Solar Power 

Prototype 3 harnesses the power of the sun to charge 

three lithium ion batteries.3 Similar to Prototype 1, one source 

powers both the pump and the electrochemical filter (Figure 30). 

Solar power is harnessed using a 6V 2W solar panel purchased 

from Adafruit (Figure 29) and is used to charge three Samsung 

lithium ion batteries (nominal voltage of 3.6 V) through a Solar 

Lithium Ion Charger from Adafruit.4 The batteries are charged 

in parallel 

because the 

maximum output of the Solar Lithium Ion Charger 

is 4.5 V and the necessary charging voltage of the 

lithium ion batteries is 4.2 V.  

The charged batteries power both the 

pump and filter through linear voltage regulators 

(Figure 31). To apply a voltage of 9 V across the 

pump, three lithium ion batteries are placed in 

series for an equivalent voltage of 10.8 V. The 

equivalent voltage is greater than the necessary 

pump voltage and therefore properly outputs 9 V 

from the adjustable linear voltage regulator.  

 

                                                 
3 Battery datasheet can be found in Appendix C.  
4 PMIC datasheet can be found in Appendix C.  

 

 

Figure 29: 6 V 2W Solar Panel purchased from 

Adafruit [24]. 

Figure 30: Flow diagram of Prototype 3. 
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 When considering solar power in conjunction with lithium ion batteries it is important to 

consider both the charging and discharging time of the batteries. As specified by the 

manufacturer, the batteries charge in 300 minutes at 4.2 V.  To calculate the discharge time of 

the batteries, requires the power necessities of the system. The lithium ion batteries are 

discharged in series, therefore the mAh used in calculation are 1500 mAh and the voltage used is 

10.8 V. Dividing the energy capacity of the battery by the energy requirements for one run of the 

system results in five total runs of the system, equivalent to five clean liters of water (Equations 

12-14). 

𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑜𝑤𝑒𝑟 𝑁𝑒𝑒𝑑𝑠 ( 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 𝑎𝑛𝑑 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 𝐼𝑛𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑒𝑠) =  4.5 𝑊 

𝑆𝑦𝑠𝑡𝑒𝑚 𝑟𝑢𝑛𝑠 𝑓𝑜𝑟 25 𝑚𝑖𝑛 = 4.5 ∗ 25 𝑚𝑖𝑛∗
1 ℎ𝑟

60 𝑚𝑖𝑛
=   2 𝑊ℎ  (11) 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 =
𝑉 ∗𝐴ℎ

𝑠𝑎𝑓𝑒𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟
=

10.8 𝑉∗1.5 𝐴ℎ 

1.5
=  10 𝑊ℎ (12) 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑢𝑛𝑠 =
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

𝑆𝑦𝑠𝑡𝑒𝑚 𝐸𝑛𝑒𝑟𝑔𝑦 𝑁𝑒𝑒𝑑𝑠
=  5 = 5 𝐿 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 (13) 

Although the charging time is rather high, this value is acceptable because it does not require 

a constant input of human power.  

 

 

 

 

 

 

 

Figure 31: Power transformation block diagram of Prototype 3. 
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5.4  Prototype Overview 

After thorough analysis, Prototype 3 proved to be the best device because it was the only 

mechanism able to provide enough power to the pump. Moving forward, Prototype 3 has the 

ability to implement automatic backwashing. Prototype 3 is also easy to use, requiring only two 

switches to change between charging and filtering. The only drawback is the solar panel’s long 

charging time which is acceptable because it does not require any human power input, so an 

individual will not have to exhaust herself to filter water. Comparison between all prototypes is 

summarized below (Table 9). 

Table 9: Prototype Overview 

Prototype 

Provides 

Enough 

Power 

Ability to 

Implement 

Backwashing 

Charging Time Ease of Use 

1: Hand Crank 

Charging a Battery 
    

2: Storing Energy 

in a Mechanical 

Spring 

    

3. Solar Panel     
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6 Evaluation 

Upon completion of the build, the device was analyzed against the original design 

specifications. Size, effluent E.coli concentrations, discharging time, and charging time were 

explicitly analyzed. 

 

6.1  Final Product 

The final product, as seen in Figure 32 below, is cased in 80/20 hardware and red 1/4” 

acrylic. This casing allowed for easy transition between different prototypes but can be made 

more compact in later designs. The final design will be an injection molded polypropylene or 

polyethylene casing with built in reservoirs and threaded inserts for easy assembly.  

 

Figure 32: Picture and Solidworks rendering of final product. 

 The final design will still have a capped threaded inlet on top of the device and a spigot 

for the outlet on the front panel. The side panel will contain a switch to initiate filtering, along 

with LEDs for visual feedback for the user. The reservoirs are separated by standoffs with 

enough room incorporated for tubing. The current design is larger to account for the multiple 

prototypes and the need for backwashing reservoirs but the final design will be more compact.  
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6.2  Results  

The device was evaluated by running 4.1 liters of E.coli solution through the filter. At each 

liter mark, 100 mL of effluent was collected and tested using the Colilert method, and then 

compared to the influent E.coli concentrations. The test showed 100% E.coli removal, proving 

the device successful (Figure 33). 

 

Figure 33: Percent Removal of E.coli for CleaN waTer System. 

Unfortunately the bacteria used to 

test were not extremely viable, decreasing 

the influent E.coli concentration below 

desirable levels. To increase the statistical 

significance of the results this test should be 

run again with more viable bacteria. More 

testing should also be done to determine 

how much water can be filtered before the 

filter needs to be cleaned. 

Next charging and discharging 

times of the device were evaluated. Three 
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Figure 34: Charging of the batteries via solar panel using a halogen lamp. 
Red indicates the highest temperature. The solar panel is at 41 degrees 

Celsius, which is well within the operating temperature range of the solar 
panel. 
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fully charged lithium ion batteries can run effectively5 for 160 minutes, translating to 6.5 runs 

and 6.5 liters of water. 

Due to cloudy weather accurate charging data could not be collected. Lab testing was 

attempted with an inefficient 500 W halogen lamp but the output radiation was not strong 

enough to mimic solar conditions. Upon testing with the halogen lamp the solar panel did not 

exceed temperature operating conditions under the high stress of the halogen lamp (Figure 34). 

To fully evaluate the device, further testing must be done to determine the charging time. 

Testing must be done in solar radiation conditions similar to Peru6 as well as in varying weather 

conditions.  

 

6.3 Performance Specifications 

The CleaN waTer System performs well against the original design specifics, though 

further testing needs to done. The effluent E.coli concentration is effectively 0 mg/L, one liter of 

water can be purified in 25 minutes, and the design is compact. The operational prototyping cost 

is $164, just over the originally specified $150 with many opportunities for price reduction. 

Further testing must be done on the effluent E.coli concentrations and the charging time of the 

device. Finally, field test studies must be completed to determine the ease of use of the device. 

All performance specifications have been summarized below (Table 10).  

 

 

 

 

 

 

                                                 
5 Effectively is defined as outputting the correct voltage from the voltage regulator to power the pump and filter.  
6 The average solar flux in Lima, Peru is approximately twice of that in Massachusetts. [20] 
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Table 10: Performance Specifications 

Parameter Goal Measured 

E.coli Concentration 0 mg/L 0 mg/L7 

Disinfection Time < 1 hr/L 25 min/L 

Charging Time < 15 min Needs further testing 

Ease of Use No education necessary Needs field testing 

Prototype Cost $150 $1648 

Form Factor Compact Compact 

 

 

7 Budget 

The operational prototyping budget is $164, just above the $150 design goal. The operational 

budget is the budget excluding the 80/20 hardware and acrylic casing because the final design 

will be an injection molded polypropylene or polyethylene casing with built in reservoirs and 

threaded inserts for easy assembly. Large scale manufacturing of the device would decrease the 

total cost due to economies of scale. Injection molding and automated assembly would also 

contributed to driving down the final price. For a Bill of Materials see Appendix A. 

 

 

 

 

                                                 
7 More tests need to be run to improve the statistical significance of this result.  
8 Prototype cost without 80/20 hardware and acrylic sheets. Final prototype would have a polyethylene or 

polypropylene casing with threaded inserts for easy assembly.   
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8 Conclusion 

The CleaN waTer System successfully and effectively removes microbial contaminants from 

water. This compact device outputs potable water after the input of contaminated water and solar 

radiation. The system outputs one liter of water in 25 minutes, faster than the time it takes to boil 

and cool one liter of water. It is easy to use, is charged by solar radiation, and can output 6.5 

liters of clean water before recharging. Before large scale manufacturing, further work must be 

done to streamline and improve the system. The CleaN waTer System has the potential to 

revolutionize water treatment in Manchay, Peru and could impact other communities around the 

world. 

 

9 Future Work 

Moving forward there are many steps I would take to improve the CleaN waTer System. I 

would add automatic filter cleaning, and explore an electrical grid option. Additional water 

treatment, MWNTs lifetime tests, and power savings methods would also be explored.  

 

9.1 Filter Cleaning 

As stated above, my first step in improving the CleaN waTer System would be to implement 

an automatic filter cleaning system. Cleaning the filter is important because it increases the 

lifetime of the filter by removing contaminants that decrease the efficiency of the filter. 

Backwashing must be done frequently to properly clean the filter. A deeper cleaning should be 

done less frequently to remove adsorbed contaminants.  
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9.1.1 Backwashing Implementation 

Backwashing entails reversing the 

flow of water through the electrochemical 

filter to remove contaminants from the 

surface of the MWNTs. To implement 

backwashing in the current system, two 

reservoirs and two three-way valves must be 

added to the system (Figure 35). One 

reservoir would be placed after the 

electrochemical filter and would contain 

purified water for cleaning. A three way 

valve could switch movement between the 

effluent reservoir and the backwash 

reservoir. The other additional reservoir 

would be a wastewater reservoir which will 

be filled with contaminants and will not be safe for drinking. Placing a three way valve between 

the pump, wastewater reservoir, and influent would allow for switching between filtering and 

cleaning.  

Automatic backwashing could be implemented by attaching servos to the three way 

valves.  After a determined number of runs the device would instruct the servos to turn the valves 

and the pump to reverse direction. Backwashing should be done frequently to preserve the filter. 

Automatic backwashing would ensure proper cleaning of the device and extend the life time of 

the filter.  

 

9.1.2 Adsorbed Contaminants  

Backwashing must be done frequently to remove remaining contaminants. Unfortunately, 

backwashing will not remove adsorbed contaminants so other measures must be taken to 

properly clean the filter. Periodically the applied voltage should be rapidly increased to remove 

the adsorbed contaminants from the MWNTs. Testing must be done to certify this method before 

full implementation.  

    

 

Figure 35: Backwashing implementation design for the CleaN 

waTer System. 
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9.2 Electrical Grid Option 

The sun is a powerful but inconsistent source of energy. Many of the homes in Manchay 

have access to other forms of energy such as the electric grid. To accommodate for cloudy days 

or individuals with access to electricity the CleaN waTer System will have an electrical outlet 

charging option. 

 

9.3 Primary Water Treatment 

This project was focused on removing microbial contaminants from water and does not touch 

on the removal of larger particulates. In order to disinfect natural water sources that include 

larger particles, such as dirt, organic material, or large inorganic compounds, primary treatment 

must be considered. The implementation of primary treatment must be explored as a predecessor 

to the electrochemical filter to avoid clogging of the electrochemical filter with larger particles. 

The addition of a primary and/or secondary cleaning mechanism should increase the lifetime of 

the filter. If implemented, the primary treatment has the potential to be cleaned by backwashing.   

 

9.4 Carbon Nanotube Lifetime Tests 

The lifetime of MWNTs for use in water filtration has not been fully characterized.  Further 

extensive testing must be done to properly understand the lifetime of the device. The filter should 

be the failure point of the system. Once lifetime tests have concluded the lifetime of the device 

will be better defined. 

 

9.5 Power Savings  

After addressing the larger issues above, power savings methods for the overall device 

should be explored. Linear voltage regulators were used, but switching voltage regulators could 

be explored for better efficiency. To further increase efficiency, more efficient power 

management integrated circuits and lower power pumps should be researched. Finally, the most 

streamlined switching methods should be used to accommodate the above circuitry changes. 
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Appendix A – Bill of Materials 
 

Table 11: CleaN waTer Bill of Materials 

Object Quantity Unit Cost 
Total 

Cost 
Part Number Vendor  

12X24Red 

Acrylic 

Sheet 

3 18.8 56.4 8505K92 McMaster 

Peristaltic 

Pump 
1 24.99 24.99 1150 Adafruit 

Rubbermaid 

Containers 
4 3 12 n/a Dickson Bros 

Spigot 1 2.32 2.32 4461T2 McMaster 

Filter Casing 1 40.465 40.66 420400 VWR 

Multiwalled 

Carbon 

Nanotube 

Buckypaper  

1734 mm2 $130/1 ft2 2.43 20 gsm 
Nano Tech 

Labs 

Li Battery 

(1500 mAh) 
3 5.69 17.07 

SDI 

INR18650 
Sparkfun 

6 W Solar 

Panel 
1 29 29 200 Adafruit 

LiPo Solar 

Charger IC 
1 17.5 17.5 MCP73871 Adafruit 

8020 10 feet 31.59 31.59 47065T101 McMaster 

3 mm LEDS 4 0.35 1.4 COM-00533 Sparkfun 

3.3 Voltage 

Regulator 
1 1.95 1.95 LD1117AV33 ST 

Adjustable 

Voltage 

Regulator 

1 1.95 1.95 LM317 
Texas 

Instrument 

Vector Board 1 5 5     

3" Spacers 4 0.7 2.8 91780A049 McMaster 

2" U-Bolt 1 0.74 0.74 3043T619 McMaster 
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3.3 K 

Resistor 
1 0.02 0.02 - DigiKey 

9 K Resistor 1 0.02 0.02 - DigiKey 

900 K 

Resistor 
1 0.02 0.02 - DigiKey 

2.2 uF 

Capacitor 
1 0.02 0.02 - DigiKey 

1 uF 

Capacitor 
1 0.02 0.02 - DigiKey 

100 nF 

Capacitor 
1 0.02 0.02 - DigiKey 

10 uF 

Capacitor 
1 0.02 0.02 - DigiKey 

4PDT Switch 1 1.56 1.56 EG2657-ND DigiKey 

SPDT 

Switch  
1 1.5 1.5 - DigiKey 

Brackets 2 0.33 0.66 13135A59 McMaster 

Various nuts 

and bolts 
-     - McMaster 

    Total:  251.66     

    

Total 

without 

Acrylic 

and 8020 

Hardware: 

163.67     
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Appendix B – Technical Drawings  
 

Table 12: Generic Dimensions of Casing Parts for CleaN waTer System  

Part Dimension (in) 
Quantity  

of Part 
Picture 

80/20 Horizontal 

Pieces 
Length = 11.25 8 

 
80/20 Vertical 

Pieces 
Length = 7.85 4 

 

Bottom Face and 

Top Face Acrylic 

Pieces 

12” x 12” 2 

 

Side Face Acrylic 

Pieces 
12” x 6.5” 4 

 
 

        Table 13: Manufactured Part  

Part 
Type of 

Manufacturing 

Technical Drawing 

Figure Number 

Shelf Laser cut 37 

Front Face Laser cut 38 

Top Face Laser cut 39 

Side Face Laser cut 40 
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Figure 36: Complete Solidworks model of CleaN waTer System with part descriptions. 

 

 

Figure 37: Technical Drawing of the Dirty Reservoir Shelf 
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Figure 38: Technical Drawing of the Front Panel 

 

Figure 39: Technical Drawing of the Top Face 
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Figure 40: Technical Drawing of the Side Face 
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Appendix C – Circuit Diagram 

 

Figure 41: Schematic for CleaN waTer System 
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Appendix D – Datasheets 
 

Table 14: Datasheets for Parts in CleaN waTer System 

Part Part 

Number 

Manufacturer Datasheet Link 

Samsung 

Lithium Ion 

Battery 

(1500 mAh) 

SDI 

INR18650 

Samsung http://www.batteryspace.com/prod-

specs/6615.pdf 

6 W Solar 

Panel 

200 Adafruit https://www.adafruit.com/products/200 

LiPo Solar 

Charger 

MCP7387

1 

Microchip https://cdn-

shop.adafruit.com/datasheets/MCP73871.pdf 

3.3 Voltage 

Regulator  

LD1117A

V33 

ST http://www.mouser.com/ds/2/389/CD00002116

-250310.pdf 

Adjustable 

Voltage 

Regulator 

LM317 Texas 

Instruments 

http://www.ti.com/lit/ds/symLink/lm317.pdf 

3 mm LEDs COM-

00533 

Sparkfun https://www.sparkfun.com/datasheets/Compone

nts/LED/COM-00533-YSL-R531R3D-D2.pdf 

Peristaltic 

Pump 

1150 Adafruit https://www.adafruit.com/products/1150 

Multiwalled 

Carbon 

Nanotube 

Buckypaper  

20 gsm Nano Tech 

Labs 

http://www.nanotechlabs.com/MWNT%20Blen

d%20Buckypaper%2012%20x%2012%2020gs

m.htmL 

4PDT 

Switch 

EG2657-

ND 

DigiKey http://spec_sheets.e-

switch.com/specs/Q960002.pdf 

 

 

 

 

 

 

 

 

 

http://www.batteryspace.com/prod-specs/6615.pdf
http://www.batteryspace.com/prod-specs/6615.pdf
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