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Abstract 
This project seeks to develop a data logging showerhead. More specifically 

the project aims to create a water meter powered by the flow of water. The majority 
of the time was spent researching and investigating generator designs. An MSP430 
is used to control and process information that is then output to an electronic paper 
display. Energy harvesting circuitry is implemented to capture the power from the 
water flow, and tests were completed to determine the feasibility and practicality of 
the system. The design is theoretically possible, however, due to friction issues 
comprehensive tests with water could not be performed. 
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1 Introduction 

The goal ofthis project is to create a very efficient micro-turbine generator 

that outputs usable energy to power low power electrical systems. Specifically, the 

project focuses on the creation of a self-powered water usage monitor that can be 

attached between a showerhead and the tap. This data logging showerhead is 

designed to monitor the water and energy use of a shower and then output that data 

via a display to the user. 

1.1 Motivation 

According to the UN, "by 2025,1.8 billion people will be living in countries or 

regions with absolute water scarcity, and two-thirds ofthe world's population could 

be living under water stressed conditions."* The ability to easily monitor water use 

could potentially have a substantial impact on this problem, allowing for increased 

awareness and conservation. 

1.2 Design Requirements 

. - 3 
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Figure 1: Device block diagram 

* http://www.un.org/waterforlifedecade/scarcity.shtml 
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This device has four main requirements outlined in figure 1: 

1. Generate its own power from water flow 

2. Harvest this generated energy for use 

3. Measure water flow rate, water temperature, and elapsed time 

4. Display results 

First, the most important and time-consuming component of this project is 

the generator to extract power from the water flow in a shower. The device needs to 

be able to generate enough energy to power a micro controller and display without 

an external power source or storage element. Two generators were created, one 

from scratch using the properties of Faraday's law, and the other utilizing a small 

standard DC motor. All designs were printed on a 3D printer, allowing for rapid 

prototyping and new iterations to be quickly implemented. 

The voltage from these generators must then be regulated and boosted to 

provide consistent and sufficient voltage to the micro controller. This is 

accomplished using off the shelf energy harvesting circuitry designed for systems 

with limited power resources. 

Finally, with the power harvested, the device must be able to measure the 

water flow rate, measure the water temperature, measure elapsed time, and display 

the results to the user. For this project an MSP430 paired with an electronic paper 

display was chosen for its low power requirements and ability to take in, process, 

and display the measurements. 

2 Resources Available 

To determine the feasibility of this project, it is first necessary to determine if 

the water flow of a shower can power the required system. The total power 

available in a shower flow is calculated in this section. 

2.1 FlowRate 

The federal standard flow rate for household showers in the US, set by the 

Energy Policy Act in 1992, is 2.5 gallons per minute (gpm), or 9.46 liters per minute. 
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With the standard national pipe thread (NPT) for showers set at 'h-incht, the 

theoretical velocity of the water travelling through a standard shower pipe is 

49in/sec: 

(1)2. 2 19a1 Xin 60s 
2.5gpm = IT "4 In * 231in3 * ls * lmin 

where X = 49in, or 1.2m 

Max flow rate for a shower is therefore assumed to be 49in/s or 1.2m/s for future 

calculations. 

2.2 Power and Pressure 

Shower pressure varies depending on house location and elevation, but a 

reasonable pressure is between 40-70psi. The average of 55psi is assumed for 

calculations. At a pressure of 55psi with a flow rate of9.46L/min, the power in the 

pipe can be calculated by the following equation: 

P = YlpQgh 

where 

• 
• 
• 
• 
• 
• 

P is power 

11 is the dimensionless efficiency of the turbine 
p is the density of water 

Q is the flow in cubic length per second 

g is the acceleration due to gravity 
h is the height difference between inlet and outlet 

To convert PSI to the height difference between inlet and outlet, h (head), the 

equation from PSI p to h in feet is h = P 2.31 / SG, where SG is specific gravity (1 for 

fresh water). 

Therefore, power in watts is given by: 

peW) = 

* 1000 kg * (9.46-L- * 0.001 m
3 

* 1min) * 9.81~ * (55<2.31 ft *~) 
1] m3 min L 60s s 1 3.28tt 

t The 1;2 inch refers to the thread size, so the internal diameter is less depending on the pipe wall 
thiclmess. For simplicity, the diameter is assumed to be 1;2 inch regardless. 
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peW) '" 1)60 watts 

The theoretical power output from a 100% efficient generator is 60watts if all 

energy from the water flow is removed (flow rate reduced to zero). However, since 

only a small fraction of this power is needed to power an MSP430 (advertised as 

needing only 460[!W in active mode at 1M Hz), plenty of energy can be left in the 

water flow to provide an enjoyable shower. Therefore, this project is theoretically 

possible and achievable. 

3 Generator 

To extract the power from the water a generator was designed and built. 

3.1 Theory of Operation 

Generators operate based on Faraday's law of induction which describes how 

magnetic fields create voltages. As a magnetic field passes over a coil of wire an 

electromotive force is induced. Given N coils of wire Faraday's law of induction 

states the electromotive force (EMF) is, 

d<PB 
E = -N-

dt 

where <PB is the magnetic flux given by 

<PB = B . S, B = magnitude of magnetic field 

S = the area of the surface 

The magnetic field strength is assumed to be 1.3 2 teslas acting on an area of 

1/2"xl/8" (see section 3.2). Given a theoretical system without gears, the fastest the 

magnet can move is the speed of the flow. Therefore, we can assume the magnet 

would be travelling at a max of 1.2m/s perpendicular to the 'h" length. This means 

that the 1/8" or 3.175mm length is passing over the coil at 1.2m/s. Assuming the 

magnets are placed next to each other in opposite polarities with no spacing 

between, at 1.2m/s the magnets would pass the coil 378 times in a second, resulting 

in a change in the magnetic flux every 0.0026 seconds. Given this information, the 

theoretical yield of one loop of wire is 
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v = 1.32T*4.03xl0-
S

m
2 = O.0205V 

0.0026 

This number is absurdly high. Realistic changes to the calculation would involve 

decreasing the strength of the magnetic field due to distance between the magnet 

and coil, and increasing the time it takes the magnets to pass since the exact rate is 

not known. It is very difficult to calculate an accurate EMF or voltage generated by a 

magnet passing over a coil of wire because the tesla strength decreases 

exponentially the farther away the magnet is from the coil. Therefore, exact voltages 

were determined through trial and error, keeping in mind that a stronger magnetic 

field moving quickly across a greater number of coils will produce a larger voltage. 

3.2 First Design 

Figure 2: First Design Turbine Generator 

The initial design for the turbine generator was influenced by reaction 

Kaplan turbines in combination with tesla polyphase induction motors. Essentially 

the generator is an AC motor that--rather than being supplied with power to induce 
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a rotation--is turned by the water to generate power. To achieve this design an 

external stator was created with 24 sets of coils, each set of coils with around 100 

windings, as seen in figure 3, with an internal magnet assembly that comprised the 

rotor assembly (figure 4). The design used CMS Magnetics* N42 1/2" x 1/8" x 1/16" 

block rare earth neodymium magnets. The magnetic field strength was provided as 

13,200 gauss or 1.32 teslas; the magnets have a pulling force of 1.6 lbs per magnet, 

and they are grade N42. These magnets were chosen for their strength to size ratio. 

They are small enough for the micro-turbine design while maintaining a large 

magnetic flux. 

100 windings each 

Figure 3: Stator assembly 

The rotor assembly was based off of a simple propeller design, with the outside 

magnetic 'drum' attached (see figure 4). This would allow for a completely 

watertight seal for the generator as no drive shafts or wires need to pass from inside 

to outside the flow of water. 

* http://www.magnet4sale.comI10-PC-N42-Neodymium-Magnets-1-2-Xl-8-Xl-
16NdFeB-Rare-Earth-Magnets.html 
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Figure 4: picture of propeller with magnetic drum 

The final design can be seen in figure 5. 

Figure 5: First generator design 
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Multiple stator winding options were considered for the design such as a 

three-phase design (figure 6), but a single phase was decided on in favor of higher 

voltages. A three-phase design would produce a more consistent level of output, but 

adds unnecessary complications to harvest the energy aswell as a decreased voltage 

output overall. 

Figure 6: Three-phase stator winding and output 

Higher voltages are a priority in this design, so a single phase wiring was 

implemented (figure 7). In this case the group of coils are each wound in opposite 

directions to make the voltages additive. 

Sjngl~ Phase Coll Wiring 

• • • • 
Figure 7: Single phase coil wiring 
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As discussed in section 3.1, as a magnetic field passes over a coil of wire a voltage is 

induced. If there are two magnetic fields with opposite polarities passing a coil one 

after the other, a voltage will be created in one direction as the first magnet passes, 

then the opposite for the second (figure 8). 

N 

,., 

- H 
i 

j 

.-
+ 

r , ... ... -.. 
Figure 8: Magnets in reverse polarity crossing a coil of wire 

with voltage response 

, . .. 

Therefore, to generate a voltage across the 24 coils in the design, 24 magnets are 

placed in reverse polarity next to each other. This way voltages are induced 

constantly as the magnetic field changes direction from one magnet to the next, 

producing an AC source (figure 21). 

3.2.1 First Design Issues 

Figure 9: First design generator assembly 
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This first design faced several issues that were deemed to be too 

problematic, requiring a new design. 

First, to design the assembly in such a way that the magnets are close enough 

to the coils to induce the voltage needed produced too much friction and caused 

concerns over the effectiveness of the design. The water pressure alone was not 

enough to turn the turbine due to this binding. The 3D printer has a precision of 

O.lmm, which although relatively precise, still caused enough of an error to cause 

the pieces to not fit together exactly, making the turbine unable to turn by the force 

of water. 

Second, efficiency was a concern. Given that the windings were hand wound 

and the spacing between the magnets and coils had to account for the pipe wall, the 

efficiency achieved by this generator was most likely not as high as a comparable 

machine wound generator. 

Third, this generator outputs an AC voltage, but any micro controller used to 

process the data requires a DC signal. This requires extra circuitry and potentially a 

voltage drop to fix, resulting in further decreases in efficiency. 

Finally, since this design makes use of a reactionary turbine with generic 

blades and blade angles, the expected RPM and corresponding power output cannot 

easily be accurately determined. With no way to test the generator with water due 

to the large amount offriction, a legitimate rotation speed is difficult to estimate. 

Therefore a new design implementing an impulse-type turbine was considered as 

described in section 3.3. 
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3.3 Second Design 

Figure 10: Second turbine design 

To try to ensure friction would no longer be an issue. an impulse turbine was 

considered based on a water wheel and Pelton wheel design. This kind of design 

extracts the energy from the momentum in the water. slowing down the stream 

rather than changing pressure. To avoid leaks at a driveshaft or opening for wires. a 

magnetic driveshaft was created by using magnets attached to the paddle wheel 

inside turning magnets outside connected to a generator (figure 11). This design 

allows for any commercially available motor or even the original 24-coil generator 

in the first design to be attached. 
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Figure 11: Magnetic drive shaft. Motor on left connected to paddle 
wheel on right through casing. 

With a flow rate of 49in/s and the average radius of %"ofthe water wheel, 

the rotational speed, or angular velocity, output by this wheel is at most w =~, W 
r 

=196rad/s which is equivalent to 31.2 revolutions/s (Hz). At this speed a standard 

DC motor was found to output 0.77 V. This was a satisfactory result and so this 

design was chosen for the generator. A concept of how the generator could look 

with a more suitable profile is shown in figure 12. 

Figure 12: Front (left) and side (right) views of concept generator design 

Unfortunately friction was again an issue for this design. The 3D printed 

plastic tended to bind and still not fit together perfectly. A design milled or 
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constructed out of a different material would be expected to perform better. This 

design has the further benefit of allowing any motor or generator to be connected to 

the rotating drive shaft, so the same design will work to power various generators. 

4 Energy Harvesting 

The power output from the generator must be converted into a suitable 

source to power the micro controller. The MSP430 is rated to run off of 1.8V-3.6V, so 

achieving a consistent voltage at this level is necessary. To supply this voltage, the 

generated voltage is first stepped up using a voltage booster module to ensure a 

high enough voltage. The EH4205 (figure 13) was chosen for its low power 

requirements and because it is designed to be used in these types of applications. It 

has a max gain of 75, providing a sufficient boost. The EH4205 then feeds into the 

EH300 EPAD energy harvesting module (figure 13-14). This second module takes in 

the boosted voltage and regulates it to constantly output 3.3V. It features a large 

capacitor to accumulate captured energy and is able to process intermittent and 

irregular voltage inputs. The connection between these two circuits can be seen in 

figure 14. 

Figure 13: EH4205 (bottom) micropower step up low voltage booster module and 
EH300 EPAD energy harvesting module 
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Figure 14: Standard EH4200 connection to EH300 

5 Data Collection and Processing 

5.1 TI MSP430 

Figure 15: Tl MSP430 Launchpad 

The Tl MSP430 is an ideal choice for this project due to its low power 

requirements and analog processing capabilities. It is also a very inexpensive and 

common system that is well documented. The requirements of this project to 

capture data, process the data, and output to the user are fulfilled by the MSP430. 
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The MSP430 operates in a voltage range of 1.BV - 3.6V and is advertised as 

having an active mode capable of running at 230[!A at lMHz, 2.2V. This is equivalent 

to 460[!W, which is miniscule compared to the total power potentially available in 

the water flow. 

Analog processing is possible by built in comparators as well as analog-to

digital (AID) converters, making data collection straightforward and relatively 

simple. 

Finally, a built in timer and optional crystal clock system are available for 

use. 

5.2 Measuring Flow Rate 

Measuring flow rate is a relatively straightforward process. Conveniently 

voltage produced by a generator is linear relative to rotation speed (figure 22), so 

the voltage already produced to power the system can also be used to measure the 

flow rate. This voltage is taken in by an AID converter and converted to a digital 

value. To determine the flow rate, the system must be calibrated to determine which 

flow rate corresponds to different voltages. Unfortunately, due to the turbine 

binding from friction, this test was not performed. 

A second option for measuring flow rate is to implement a simple 

tachometer. If for some reason calibration of voltage to flow rate is not possible, an 

extra magnet can be added to the water wheel that passes a loop of wire, generating 

a small voltage each time it passes. This voltage can be taken in by a comparator on 

the MSP430 and with the known distance and time between each voltage 'blip' flow 

rate can be calculated. 

5.3 Measuring Temperature 

Temperature is measured by using a device such as a thermocouple. This 

device produces a varying voltage with temperature. The voltage is taken in by the 

MSP430 and converted to a digital number using an AID converter. Values are set 

by calibration similar to the flow rate. 
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5.4 Measuring Time 

The MSP430 has several built in options for keeping track of elapsed time, 

but for the purposes of this project the basic TimecA is used. This is a 16-bit timer 

with three capture/compare registers associated. It provides the basic functionality 

needed to keep track of elapsed time along with the data measurements taken in. 

6 E-ink Display 

To display useful information to the user, an e-ink display from pervasive 

displays was chosen (figure 16). 

Figure 16: EPD extension kit (left) and e-paper display (right). 

E-ink displays are useful in low energy applications because once a screen is 

updated it requires no power to maintain the contents. The display contains two 

sets of oppositely charged white and black pigment chips that are controlled by 

adjusting the charges on electrodes (figure 17). Once the electrodes are charged, the 

pigments will stay attracted to their corresponding electrode (think static 

electricity) until the display is updated or until the static attraction dissipates. 

Top Transparent 
Electrode 

Positively 
charged white 
pigment chips 

Clear Fluid 

+ 

+ 
Light State Dark State 

Negatively 
charged black 
pigment chips 

Bottom Electrode 

Figure 17: e-ink process (image from Pervasive Displays) 
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This display is advertised as a demo board to demonstrate the capabilities of e

paper displays. More specifically, the intended use for this board is static displays 

that hold a single image for long periods of time. To update the display, included 

APls were utilized, but these were intended to display a single image, requiring a 

bitmap image to be stored in memory and updated, only allowing the entire display 

to be updated at once. This is a tedious process and not the most efficient; future 

work will involve getting portions of the display to update individually. 

7 Results 

T I t1E: 

FLO~l RRTE: 

GALLOtiS US 0: 

WATER TEMP: 

LI ETIME STATS 
TOTAL USAGE: 

TOTAL TIt1E ON: 

Figure 18: Programmed display 

The design iterations are shown in figure 19 with the MSP430 and attached 

display in figure 20. These components together make up the prototype shower 

meter model. 

Figure 19: Design iterations. 
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TI 11E: 

FLOW RATE: 
fjALLOI~5 USED: 

WATER TEMP: 

Figure 20: MSP430 with attached display. 

Overall the system could not be tested with water due to the issues with 

friction in the design. However, theoretical values were obtained to test the validity 

ofthis project. Figure 21 demonstrates the first designed generator output at a 

speed of 306RPM (a realistic rate). At this speed the generator outputs ±1 V AC. This 

is a satisfactory result pre- voltage boost. 

Figure 21: First design generator output at 306RPM 
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Figure 22 shows the voltages and corresponding RPM of the two generator designs. 

Interestingly enough, even with hand wound coils and the large distances between 

coils and magnets, the first design generator outperformed the DC motor generator. 

This was a surprising result, but intuitively makes sense since there are many more 

magnets and length of wire in the first design than the DC motor (the generator was 

much larger than the DC motor). 

Generator DC Motor 
5 1 

'7'4 
.... 

...... ~ + 
~3 

~ •• a 2 ... 
'0 
;:. 1 .... 

I ~f' 
0 

0.8 • 
'" ~ 0.6 .y 

.±:: 
0 0.4 ;:. .... n 

0.2 .... 
0 

0 500 1000 1500 0 500 1000 1500 2000 

RPM RPM 

Figure 22: Voltage vs RPM for first design (left) and second design (right). 

With the energy harvesting circuitry these generators were able to output a 

consistent voltage greater than 3V. 

These results look very promising, but with a 51 Ohm resistor the power 

output at around 1000RPM was found to be 3mW for the DC motor and 44mW for 

the generator. This is in theory enough to power the system, but further tests found 

the MSP430 with display to consume 63mW of power whether the display is 

updating or not. This led to the conclusion that the EPD board consumes more 

power than the display actually requires, and a new e-paper setup needs to be 

explored. 

Without the display the MSP430 was found to consume 49mW of power. This 

is still a large result, but can be contributed to leaving the MSP430 in the full active 

mode (all peripherals were left on). By entering a lower power mode and optimizing 
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the system to only use what is necessary this power consumption should be able to 

be decreased by a large factor. Theoretically the designed system should function 

given the resources available in a normal shower. 

8 Future Work and Applications 

The potential for this project to contribute to water conservation is very 

large. It would be exciting to see the project completed and to do so is relatively 

straightforward. First, the issue offriction in the two turbine designs needs to be 

addressed. To overcome this, a precisely milled design can be implemented that 

allows for a freely rotating turbine. This is the main hurdle to get the current device 

working. Second, the display drivers and circuitry need to be further explored to be 

able to update individual portions of the display and consume less power. Finally, 

the MSP430 programming needs to be optimized for low-power mode. With these 

additions the device should perform as initially planned. 

Taking the project further, it would be exciting to create several of these 

meters that can be wirelessly connected to monitor a water system (perhaps such as 

irrigation or other large scale water project). For these further applications it will be 

necessary to determine what kind of water flows are present and what energy 

requirements are needed to power a wireless module. It is also necessary to 

consider that the high flow rates of showers are not always present and could make 

a low flow self powered water meter impractical. 

Further optimizations could be explored for the propeller and generator. An 

ideal propeller shape can be determined along with the channel flow to optimize the 

energy extraction while mitigating the shower pressure losses. 
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