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Today’s society places a lot of emphasis on the importance of and need for 

alternative energies. This is with good reason, because we face the twin crises of an 

energy shortage and an ecological disaster due to global warming-            

(Biomassenergyfoundation).       

This predicament should come as no real surprise, since the world has consumed 

over 1 trillion barrels of oil in barely a century (unisci). However, like any addiction the 

oil habit will be a difficult one to break. (Karl Ropkins, Joe Beebe)  

This research paper presents the concept and results of a novel method for 

harvesting waste energy—specifically the waste energy generated by cars stopping at 

stop signs. Because the subject of energy harvesting is itself rather new, this researcher 

has presented first an overview of literature, followed by a description of the invention, 

and the tests this researcher has done to  augment his hypotheses, prove out its concept, 

and point the way toward an optimized design.  

I Review of Literature: 

Schönborn,A and Chantzidakis. M published an article, which describes a device 

that is installed in areas of fast currents and waves. The device uses a floating buoy that 

turns a generator when it is lifted by a cresting wave. The electricity from the generator 

has the potential to power any electric appliance, saving oil one drop at a time. This 

article is particularly corresponds to this researcher’s project in that it was developed to 

harness wave energy, which is in essence a form of untapped kinetic energy 

 Another publication that relates to this researchers work was published by 

Maclay, J and Brouwer, J”.  
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These researchers developed and tested a system that captures small bursts of 

electricity. He does so with a set of conventional batteries and ultra capacitors. This is 

relevant because this researcher will be utilizing a system that captures random and 

dynamic bursts of energy. Mateu. L and Moll. F published taken a small piezoelectric 

device and harnessed sporadic energy generated by human footsteps. He collects the 

energy with a micro capacitor, but like the first article mentioned he uses an ultra 

capacitor-meaning it can accumulate tremendous energy from intermittent, small 

currents. This  article pertains to my project in that it entails the harvesting of waste 

kinetic energy to augment a current power supply, except that it’s collected from a 

vehicle slowing and stores otherwise wasted heat (braking) energy as potential energy. 

Despite this difference both experiments were conducted to mitigate the severe power 

draw of many modern industrial and residential structures. 

This researcher has invented a small hydro-mechanical apparatus that will 

theoretically augment the power supply of any house, cut costs, and at some point save 

on fuel consumed to generate power. The device entails the use of a system of hydraulic 

hoses that are parallel to each other on a platform. On this platform, which is 

prefabricated and portable, there are two reservoirs, one outgoing, the other a feeder. 

These tanks are connected to a series of check-valves that prevent the back-flow of 

liquid. When a car passes over the mat, while slowing down for a stop sign, the energy 

normally wasted by the brakes is now harnessed by the apparatus in such a way that a 

pulse of fluid pressurizes an accumulator. Once fully charged the accumulator can be 
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discharged to power a pump/generator combination; it can be used for other purposes as 

well. The applications are diverse and the potential is limitless. 

 

 II Research Objectives: 

 This researcher has invented a small hydro-mechanical apparatus that will 

theoretically augment the power supply of any house, cut costs, and at some point save 

on fuel consumed to generate power. The device entails the use of a system of hydraulic 

hoses that are parallel to each other on a platform. On this platform, which is 

prefabricated and portable, there are two reservoirs, one outgoing, the other a feeder. 

These tanks are connected to a series of check-valves that prevent the back-flow of 

liquid. When a car passes over the mat, while slowing down for a stop sign, the energy 

normally wasted by the brakes is now harnessed by the apparatus in such a way that a 

pulse of fluid pressurizes an accumulator. Once fully charged the accumulator can be 

discharged to power a pump/generator combination; it can be used for other purposes as 

well. The applications are diverse and as a result the device offers great potential. A few 

examples of such applications are in suburban environments, especially residential 

developments where stop intersections are often found, urban environments where there 

is a large volume of traffic, or in industrial centers, where any auxiliary power source is 

exploited to the utmost extent. 

 To best determine the mode of operation, placement and cost/ earning 

efficiency this research has compartmentalized his research into a series of three primary 

engineering processes; Design phases, energy calculations, models, and test results. The 

design phase section will describe phases of design consideration, development, 



Marshall, Chase 

5 
 

mechanical problem solving, and response to research and design goals. Energy 

calculations will follow; described in this section are the equations used to arrive at our 

energy calculations, efficiency figures, mechanical strain, stresses, and mechanical output 

in terms of hydraulic fluid displaced. This section also describes pressures created and 

how other components would best utilize and handle the pressures created, or lack of 

them. Lastly, the model and test section combines the theories and design problems from 

the first two and contains information from the field. 

 

 III Evaluation of Capacity: 

  This researcher intends to take a 2.5cm thick five foot by six foot piece of ply 

wood and inlay it with nylon-reinforced hydraulic tubing. At each of the tubing ends I 

intend to secure a series of one way swing check valves, preferably 1.57cm I.D. These 

valves will prevent the back flow of liquid and ensure an efficient peristaltic system.  

There are two primary tanks, the receiving tank and the reservoir. The reservoir feeds 

the network of hydraulic hoses and has enough pressure (due to its height) to keep the 

hoses filled and not collapsed. The receiving tank accumulates the flow of water 

generated when a car rolls over the hose network and forces water through the outgoing 

check valves an up into the tank. The tank can be high in the air, or it can be a 

pressurized accumulator. In our experiments we simply utilized the raised system, for it 

was more cost effective. I intend to place this whole removable system on a road 

surface near the Kings Point College facility. The apparatus can be spliced into any 

power-grid system and according to our calculations it should cost approximately 

$1000 U.S.D to produce. 
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Materials Cost 
#3 GR 60 REBAR                   $1.5 pf X 100ft
2 5ft X 8ft .5" ply.W $125 
50ft of garden Hose 
~$50.00 $50.00 
Accumulator $100.00 
Gear pump $400.00 
Assorted PVC pipe $100.00 
Check Valves $50.00 
Cable to hold P-Keys $30 
Other Construction Supplies                                    $50   
            Total Cost= $1055 

 

 

IV An Estimate of Energy Accumulation: 

( 56.90 10×  Pa) applied to a piston with an area of ( 4 26.45 10 m−× ), produces (445 N) 

of force.  With 2.419 cubic liters, or ( 3 33.54 10 m−× ), at ( 56.90 10×  Pa), we can fill a 

( 4 26.45 10 m−× ) piston cylinder that is (5.49 m) long, and we can do a simple calculation 

to find work done by a 100% efficient system. To calculate work we multiply force times 

distance. Our distance is (5.49 m) in a ( 4 26.45 10 m−× ) piston and cylinder. So it’s in 

essence 3445 5.49 2.44 10W F d N m J= ⋅ = × = ×  of work.  So, if our accumulator is a 

2.5cm square tube that lifts a (445 N) weight, all of the water accumulated in the tube 

will generate ( 32.44 10 J× ) of work if the weight is lifted (5.49 m) into the air. If the 

accumulator is pressurized with a fixed volume of air such that the average pressure from 

empty to full is ( 56.90 10×  Pa), then the same amount of work will be done. If each of the 

hoses in the hydraulic network has ( 4 26.45 10 m−× ) of cross sectional area, and there are 

twenty hoses, and all of the hoses are compressed by the action of a tire rolling along 

them, and the distance traveled by the tire is (5.49 m) the car will do ( 44.88 10 J× ) of 

Materials/Cost Evaluation 
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work. If a car weighs ( 41.424 10× N), and is going (5.45 m/s) it has an energy of 

( 2 41 2.16 10
2

mv J= × ), so the platform will bring the vehicle to a stop because the system 

has absorbed all of the vehicle’s energy.  

 This of course is a series of calculations that represent a system that is operating 

at optimal efficiency. Although it would be most inconvenient for an individual to be 

stopped and then be forced to accelerate again, it does enable us to see what an optimal 

system looks like, and provides us with a set of goal parameters. In reality the system 

would have its overall length halved to avoid disgruntled motorists and unwarranted and 

wasteful acceleration. We want to slow people down, not stop them.    The average 

vehicle weighing in at approximately 1451kgs traveling at 19k/hr miles needs 13 

horsepower to be brought to a complete stop in 1 second. Using the same calculations as 

above, I believe the apparatus can harvest this energy with moderate efficiency. Once 

captured, this energy can be utilized to power anything. I intend to harness this energy 

with a mobile apparatus that can be spliced into the existing power supply of any 

structure. I hypothesize that I can harvest approximately 2.7 watt-hours of power from 

one passage over the apparatus by a 1451kg vehicle brought to a stop from 8 mph, and 

that I can utilize this energy at some percentage efficiency.   

I postulate that overall, an apparatus placed on a relatively busy road (over 15 cars per 

hour), can create a 40 watt-hour per hour augmentation of power to supply a house or 

work facility. With the average energy bill being approximately 90$ per month, or 

10,655kilowatt hours per year, something needs to be done (New York Times). At 40 

watt-hours per hour, times 24 hours in a day (ideally), multiplied by 365 days per year, 

we get 350400 watt hours; this figure was then divided by 1000 to get kilowatts. Thus we 
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hope to reduce average consumption in a conventional home by 350.4 Kilowatt hours. 

Seemingly trivial, but it adds up. Ideally enough of these systems would be utilized in a 

suburban development to ease power draw from that areas infrastructure. 

 

V Design Phase: 

 Criteria for the system: 

1) System had to extract maximum amount of energy possible per passage of a 

vehicle, without stopping the vehicle. 

2) The system could not be unsafe, nor could it appear to be a threat to drivers, as 

they may try to avoid the device.  In addition, the system could not cause 

discomfort when driven over. 

3) The device could not exceed a cost of approximately 1000 U.S dollars. 

4) The device had to be portable, yet durable, also-the system couldn’t interfere 

with traffic to an extent that it would interrupt flow. 

5) The system must use commonly available components. 

6) The system must recycle all fluids. 

7) The system must work with very light vehicle, as well as be able to withstand 

heavy vehicles such as trucks. 

8) The system must operate at the maximum pressure in BAR that the components 

can withstand so as to maximally extract energy. 

9) The system must use as few components as necessary for normal function. 

 

10) The system must have the potential to work, recharge, and continually operate 



Marshall, Chase 

9 
 

without cessation.   

 

VI Design Evolution: 

At this device’s concept stage, it was intended to be a system reliant on gears 

and a mechanical strike plate, this proved nearly impossible from an engineering 

standpoint. The complexity of the system was too great and the sheer forces exerted on 

a system geared to perform with any degree of efficiency would be far too great to be 

withstood over time. So, with this realization, this researcher decided that a system with 

hydraulics or pneumatics was in order due to the fact that these system types are far 

more robust and even easier to produce than the mechanical one. Pneumatic systems 

were quickly ruled out because they don’t transmit the energy as well as hydraulic 

systems. This has been known ever since Bernoulli did his fluid experiments and found 

that gases are quite compressible. This compressibility is an inherent weakness in 

pneumatic systems and leads to inefficiencies, especially when dealing with short, high 

pressure spikes created by a vehicle striking a system at speed. This researcher thought 

that air would compress in the hoses instead being forced into an accumulator, so we 

decided to utilize a hydraulic system. 

 The issues with hydraulic systems are the same as the reasons why we chose to 

go with hydraulics in the first place; liquids are non compressible, most are fairly dense  

(water, hydraulic fluid), and the containing vessels must be very strong, due to the 

pressure spikes associated with a system designed to harness the enormous forces 

created by a very massive, rapidly moving object, a car.  

 The hydraulic system design went through much iteration, the first of which was 
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a system that loosely resembled the original, which was a plate that actuated a hydraulic 

piston. The apparatus then changed to a system that resembled a speed bump, so that it 

would better fit its initial purpose at King’s Point College. This “bump” would be 

placed at the guard booth in front of the house. This proved faulty because the liquid 

could not be sufficiently controlled in terms of its direction, nor could the pressure be 

mitigated to a workable level-even with the inception of valves and redundant exhausts 

in the system design: the pressure spikes were just too high.  It was then proposed that 

the system could be converted to a parallel system of channels, off the sides of which 

valves were positioned to capture the water being expelled out the sides-very much like 

a vehicle striking a puddle.  

This then decided on a series of hoses parallel to each other on a portable 

platform 8cm thick, by approximately 2m wide, and 3 m long. On top of these hoses 

would be a series of actuators, which we often refer to as “Piano Keys”, because 

their action resembles piano keys being compressed in rapid succession, kind of like 

a jazz player dragging his finger down the keys.  
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This would in essence create a peristaltic pump. The green horizontal bars in the 

following image depict precisely the way the “piano keys” would be arranged on the 

full scale version. The chain links would aid in stiffness, preserve the original 

orientation of the bars, as well as keep the vehicle and its passengers from experiencing 

discomforting and-  

Theoretical Design/Layout 
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-unnecessary movement from the system. 

 Despite great energies being committed to engineering this device so that it may 

operate at optimum efficiency, we have run into several problems inherent in the 

materials being used. The primary problem is that we need actuators that are light, very 

rigid, and very durable, yet smaller than an inch in overall diameter. The reason behind 

this is that we need to have enough actuators to as closely resemble the actual shape of 

the tire, kind of like those toys sold that are comprised of thousands of pins, when 

something acts upon those pins the form an exact 3-D replica of the object they are 

covering: The following image perfectly conveys 

the principles at work. 

 

Another problem with the system described is that 

when two pressure points act upon a bar, the bar deflects, 

generally the center bows up, and the ends bow down. 

There is however an ideal point upon which pressure can 

Piano Key/Hose 
Design 

 

Toy model of  “infinite Pins” Concept 
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be exerted and the bar will have minimal deflection. However, in the system outlined 

herein the bar would need to extend into the other side of the road, at a length of 

approximately 8ft long. This is a tremendous problem in and of itself. Other issues are 

returning the fluid back to the priming reservoir without wasting energy. YET, the 

system must still have enough pressure to completely fill the hoses. This problem was 

dealt with by elevating the entire system so that gravity and the mass of water would do 

the work for us. 

VII Implementation:  

 Pre-Experiment statements and basis for experiment: 
 
  The experiment was conducted to establish base numbers, or numbers with which 

we can base extrapolations such as full scale efficiency and output. The experiment also 

enables us to problem solve for unanticipated issues with the system and the theories that 

the system is based on. The system, which is comprised of garden hose, one check 

valves, two tanks (reservoir and inches in length. Measuring apparatuses include a scale 

and a common household liquid measuring cup with ml and cup measuring increments. 

The objective of the experiment was to measure output of a matrix 1/25 the volume of a 

full scale version. Another aspect of the experiment was to observe the output of a 1.25 

centimeter drill pump. 

Procedure: 

I drilled a 1.25 cm hole in the bottom of one-one quart milk container. I then 

placed the check valve into the hole and sealed it with hot glue. I then affirmed that the 

direction was correct for the check valve so the liquid flowed out of the jug but not back 

in. The garden hose was then fastened to the open end and secured with an application of 
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a strip of duct tape. The entire assembly was suspended from a height of two meters. 

Then the 6, 2.5 square centimeters, 40 cm long actuators were placed at 1.25cm apart, 

1.9cm apart, 2.5cm apart, and 3.17 cm apart and finally, 3.81cm apart. At the opposite 

end the open hose was placed into the mouth of the second 1.5 liter milk container. The 

second container was placed approximately one and one quarter foot into the air on a 

pedestal. Liquid was then poured into the feed reservoir to prime the system.  

The automobile was started and made one pass rolling in reverse. One pass is 

defined to mean that both the rear and front wheels rolled completely over the device. 

The output was measured and discarded. This occurred for each different distance the 

actuators were set. In addition for each distance at which the actuators were set three 

speeds were tested-4.82, 8, and 16 kilometers per hour. The latter of the three was 

obviated due to the fact that the rate of flow was so great it proved difficult to contain to 

the extent that results would be consistent. 

Results: 

The drill pump yielded 50ml of water at 17.5rpm, piano key results listed below; Y axis 

is key spacing and the X axis is speed.  Accurate measurements at 16 kph proved almost 

impossible to record due to the fact that the water was ejected from the hose mouth too 

violently to contain it all.  
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 4.82kph  8kph  16kph 
1.27cm 98ml  104ml  Unk 
      
1.9cm 96ml  104ml  Unk. 
      
2.5cm 95ml  105ml  109ml 
      
3.17 87ml  100ml  Unk. 
      
3.81 71ml  93ml  Unk. 

 

 

Volume Displaced as function of Speed and 
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0

20

40

60

80

100

120

0 5 10 15

speed, mph

vo
lu

m
e,

 m
l 0.5

0.75
1
1.25
1.5

 

 

A secondary experiment was conducted to ascertain whether or not the system 

outlined in Experiment 2.2 was capable of pumping water from the level ground to an 

Speed/Spacing Output Results  
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elevated platform 2.8meters above the ground through 33 meters of .95 centimeter 

internal diameter standard garden hose. 

Procedure: 

         An important consideration is that the criteria of the previous experiment still 

loosely apply. This is to say that the priming apparatus outlined in Experiment 2.2 was 

used in the exact same fashion, the only exception being that it was automatically primed 

via a tap. The automobile weight was changed as was the tire pressure and diameter. 

Later on the wooden “keys” were removed to test postulations pertaining to optimum 

efficiency of the “key system.” 

 The experiment was commenced once the hose was entirely primed with 

approximately 4 liters of water (system leaked slightly), and the hose was arranged in a 

ragged “Z” shape with the diagonal section acting as the pumping surface. The length of 

the pumping surface was 4.3 meters. The water was measured at approximately fifteen 

degrees centigrade (important because of hose elasticity) prior to the test in the “priming 

pump”. A quantity of 8, 2.5 cm2, wooden sections were used as actuators, spaced at 

2.5cm’s. The hose took a ninety degree turn and headed towards a basketball hoop on top 

of which a 4 liter bucket was perched. In between that section of hose, or 4m away from 

the ninety degree turn, was a one way check valve positioned so as to block any water 

from returning back into the system (a problem that occurred frequently during initial 

trials). The hose ascended 2.8 vertical meters and formed a “goose neck” before plunging 

into the bucket, the bucket was left dry for fear it would act as a siphon sump when the 
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column of fluid below lost pressure and siphoned off what it had just pumped. 

 

 One test was conducted with the actuators, they were deemed insufficient simply 

because there were not enough of them to complete a peristalsis like action. In essence 

the fluid was not moved far enough for it to make it into the end reservoir bucket. In 

order to counter for this we set up what we thought would be an optimum scenario, which 

is to have a continually moving pressure point to move the column of water. 

Theoretically, one would want infinitely small “keys” or actuators working infinitely 

close together to create a unified “pulse”. We attempted this by simply using the wheel 

itself as a continually moving pressure point. The automobile did drive over the hose 

lengthwise with both tires; however, due to the position and length of hose, only one tire 

compressed the entire length of the hose. The rear tire traveled about one meter before 

running out of hose. Water was moved into the bucket and measured after two vehicle 

passes, the system was re-primed, and the experiment was repeated three more times. 
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Data: 

The results from this test were surprising. They were surprising because they 

revealed some unanticipated failures in the design. Primarily, we found that the seven 

actuators we used were insufficient to overcome the interstices and leaks in the system. 

The second flaw we didn’t anticipate is that the check valves had far too much free play 

when their swing valve wasn’t perpendicular to the ground. This led to a slapping effect, 

and as a result severely hampered efficiency.  To overcome the inefficiency and 

compensate for the lack of actuators, we simply used the tires of the vehicle to compress 

the hose. The results were: First trial; 900milliliters, Second trial; 723 milliliters, Third 

Trial; 801 milliliters.  

VIII Further Developments:  

 The apparatus was designed and modified to the maximum extent that time, 

budget, and resources would permit. Had my bigger budget and better resources been at 

my disposal the project would have been more thoroughly developed and completely 

constructed. Once completed, the device would be placed at its designated area at the 

kings point college facility. There I would conduct tests on the apparatus, its efficiency, 

its durability, and its function. However, perhaps the most crucial aspect of the 

experiment would be analyzing the human element of the experiment. What I mean by 

this is that we are very eager to see how people react to having energy taken from their 

vehicle and to a large platform in the middle of the road. We can only hypothesize; will 

people swerve around it? Or will people stop before it and then accelerate over it. We 

can only know if we actually build and implement the device. 
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IX Conclusions:  

 The system was capable of pumping water to a height of 3.1 

meters, with a .95cm pressure column therefore proving that the system can 

indeed create a pressure head of 210 Torre. This figure sounds unimpressive; 

until one considers the fact that most superchargers for automobiles only 

operate at 206.85-to 311 Torre more, yet produce tremendous amounts of 

power.  

However, we derived far more from this experiment than just a better 

understanding of gravity and water; we conclusively proved that in actuality 

the most efficient way to compress the fluids within the hose was to have the 

vehicle tire directly act upon the hoses surface. This creates a perfect “rolling 

seal” which resembles exactly the same type of seal most of us use at one 

point or another; toothpaste tubes when empty often demand that we knead 

the tube till the paste emerges out the orifice. The same principle comes into 

effect here, and for the most part we anticipated this occurrence, we knew that 

it would probably be most efficient but the problem was that we didn’t know 

how small or how close the “keys” had to be to mimic this. We learned from 

this experiment that as small and as close together as possible is theoretically 

perfect. However, other experimental data proved we don’t need a system of a 

thousand pins that undulate in perfect unison with the tire. No, we deduced 

from the results from both experiments that there is a plateau effect. A plateau 

effect in the sense that at a certain closeness together and at a certain speed 

(our results proved that below 3.17cm spacing and speeds of or below 16kph 
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yielded similar outputs, and speeds above 16kph had no additional 

advantages.) the device could produce no more liquid  nor a higher flow rate 

than was previously seen. 

Other interesting insights were that the check valves played a huge role on the 

performance of the system and its efficiency. What was found was that the 

swing valves were held open as opposed to falling closed like they were 

intended. They were held open by gravity and by friction due to the odd 

angles that they were incidentally placed at. The issue has yet to be addressed 

and awaits further experimentation. 

   Lastly, the system proved less effective when only one tire passed 

over the hose. Thus it can be concluded that the real device need be over 3m in length so 

the vehicle can properly straddle the apparatus and so that it can extract the most amount 

of energy possible. I see great potential for this project, and after extensive 

experimentation I believe that this device if ever built full scale would meet our 

hypothesis and original research goals to a “T” and aid in the tumultuous fight against 

petro-dependence. 
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