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ABSTRACT 

The modern challenge faced with the global energy situation is the growing energy 

demand and the strong dependence on unsustainable fossil fuels. Another concurrent issue is the 

adverse health and socio-economic implications of adult obesity. Human Power Generation, 

which uses metabolized human energy to generate electrical power, could potentially address 

both these challenges. The treadmill, one of the most popular exercise machines, presently 

consumes large amounts of energy while dissipating a majority as heat. The purpose of this 

thesis project was to design and develop a human powered treadmill generator and determine its 

power generation potential.  The developed treadmill was based on a manual flatbed treadmill 

using an electromagnetic dynamo generator coupled to a front axle flywheel. A heavy duty 

rechargeable battery pack was used to store the generated energy and additional components to 

measure the generated power were included. The power generating potential of the generator was 

determined for varying belt speeds and angles of inclination, and compared with the American 

College of Sports Medicine (ACSM) metabolic walking and running prediction equations to 

determine efficiency. The generator was able to deliver 140W peak power for a short period of 

time. Regression equations related the power generated to the belt speed, covering values 

ranging from an average 10.8±0.36W at 1.83±0.045m/s to 90.3±3.04W at 2.38±0.054m/s. The 

angle of inclination did not have a significant impact on energy generation. The max average 

efficiency obtained for the system in this study was 37.9±2.63%, assuming 25% gait efficiency. 

Possible applications for this concept include energy saving equipment in a gym, low-cost, 

simple to operate, and low maintenance solutions for developing nations, and as a tool to educate 

energy conservation. Also, the need for exercise in space with low gravity makes the treadmill 

generator a possible source for secondary power in future extraterrestrial environments.
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Introduction 

The Energy Challenge 

The world‟s energy consumption is at an all time high with the demand continuously 

increasing. This situation brings up several challenges that need to be addressed [1]:  

Depletion due to finite availability of non-renewable energy sources, e.g. fossil 

fuels 

Environmental pollution, e.g. with coal use in power plants 

Increasing population, especially in developing countries which lack resources for 

clean energy 

Global warming with the related climate changes and adverse implications 

Powering new technological applications, e.g. ultraportable electronics, wireless 

sensor nodes, etc. 

These challenges have been reason for much controversy in the developed world; however, 

recent investigations have also shown a much more basic challenge of availability in the less 

developed parts of the world.  

Data from the World Bank obtained as recently as 2009 estimated that about 25.9% of the 

world‟s population (greater than 1.81 billion people) has no access to electricity [2]. Larger 

numbers include those that have very limited access to electricity. Further, most countries with 

the lowest values for percent of population with electricity also have low values of urban 

population percentage, as seen in Table 1. 
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Table 1: Countries with least percentage of population with electricity, compared with urban population 

percentage 

‘Rank’ in least 

availability of 

electricity access 

in 2009 (out of 

87) [2] 

Country Percent of population 

with access to 

electricity in 2009 [2] 

(%) 

Urban population as 

a percentage of total 

in 2009 [3] (%) 

1 Uganda 9.0 13 

2 Malawi 9.0 19 

3 Congo, Dem. Rep. 11.1 35 

4 Mozambique 11.7 38 

5 Myanmar 13.0 33 

39 India 66.3 30 

74 China 99.4 44 

 

A short comparison of the two most populous countries with known booming economies also 

suggests an interesting relation between these two parameters. Establishing a direct relationship 

would require a further, more comprehensive investigation but it can be imagined that when the 

population is more diffused, less people are likely to have access to electric power. Difficulties 



6 

 

such as the costly and time-consuming development of long range power transmission to 

scattered remote areas can inhibit those regions from having electricity. This lack of power in 

remote regions can hinder a country‟s ability to undergo overall economic development. Hence, 

it is learned that electricity is still needed on the basis of availability to a significantly large 

amount of the world‟s population. Further, means of delivering or producing electricity in a way 

that is feasible and practical in remote regions, especially those of less developed countries, are 

worth investigating.  

In terms of meeting the energy demand, data shows the high dependence the world has 

overall on fossil fuels. Fossil fuels are known to be non-renewable, having formed over millions 

of years of decomposition of prehistoric biological forms such as plant matter and the dinosaurs 

[4]. The rate at which modern society is consuming these resources is far quicker, however, 

risking the depletion of this resource. Furthermore, the manner in which the resource is 

consumed is known to produce pollutants (e.g. Carbon Monoxide (CO)) and green house gases 

(e.g. Carbon Dioxide (CO2)) in our environment. Carbon Dioxide emissions have been steadily 

growing through the combustion of fossil fuels as needed in transportation, power generation and 

otherwise. One of the main reasons why this is a critical problem is that the world heavily 

depends on these fossil fuels currently to feed its energy demands. Figure 1 illustrates the level 

and trends of fossil fuel use as compared to total energy consumption over time in a few 

countries and the world overall [5]. 
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Figure 1 

 

Statistics shown here illustrate how the world on average depends majorly on fossil fuels to 

supply energy. The trend in this parameter is also of concern as the value has been stable around 

80% for the past 15 years. The United States shows a slow decline but is still above the world 

average. The trend of the most populous countries, China and India, can also cause distress as the 

fossil fuel dependence is increasing at a rapid rate over time. In the case of China, the value has 

superseded that of the United States as of 2006. 

Therefore, it is established that with the various energy challenges faced today, renewable 

energy sources must be seriously investigated. Particularly, the feasibility of low-cost, low-

maintenance and simple methods of providing energy to remote areas should be studied. Such 
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technology could not only help provide an alternative to fossil fuel in developed countries, but 

also serve the growing needs of developing countries in a responsible way. 

 

Obesity – A Growing Health Issue 

Challenges seldom come one at a time; in parallel with the energy problem, much of the 

world faces the health issue of overweight and obesity. The World Health Organization 

estimated that in 2008, around 35% of the people over 20 years old in the world were overweight 

while 12% were obese [6]. That is, greater than 800 million people, the population of 20 New 

York City metro areas [7], suffer from obesity worldwide.  This situation hits harder at home as 

in the United States, 68.3% of people over the age of 20 were overweight in 2008 while 33.9% 

were obese [8]. Not only are these percentage numbers nearly double that of the worldwide 

average estimates, the Center for Disease Control and Prevention study showed that the 

occurrence of these conditions has been steadily increasing since the early 1990s.  

Being obese or overweight has serious implications on one‟s health. The American Heart 

Association recognizes the condition to produce significantly higher risks towards high blood 

pressure, high blood cholesterol, diabetes, heart disease and stroke [9]. Furthermore, the financial 

impact of the conditions is grand. In 1998, obesity and overweight attributed spending was 

estimated to be 9.1% of all US medical expenses [10]. This amounted to a total of $78.5 billion 

of burden on the US economy, equivalent to $110.6 billion in 2012 USD [11]. This economic 

impact is bound to be even greater today as the amount of people suffering from the conditions is 

poised to have increased [8]. Hence, overweight and obesity are also one of the leading 
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challenges faced by the world and especially the US, threatening the health of many people and 

posing significant financial burden on at least the American economy. 

A solution that can address these two great challenges is the use of Human Power, that is, 

using muscular strength to power engineered applications. The main source of energy is that 

metabolized from sugars and fat, while the output can be configured in many ways to either 

extract direct mechanical work or convert the work to easily storable electrical energy.  

 

A Brief History of Human Power Generation 

Human power has been instrumental in helping solve problems since ancient times. For 

example, all tools have historically been human powered. It is believed that the first human 

powered device to generate rotary motion was the potter‟s wheel, around 3,500 B.C.E. [12]. 

Later, devices such as Archimedes‟ screw allowed efficient transfer of water from one level to 

another. The Chinese, after 200 C.E., were found to use hand cranks to aid in textile 

manufacturing, metallurgy and agriculture. After the mid-15
th

 century, the technique of 

incorporating flywheels to produce smooth motion proliferated, allowing devices such as the 

spinning wheel to gain popularity in Europe. Cranks and pedal power became one of the most 

efficient means of coupling human power to applications. In the 19
th

 century, the bicycle‟s use of 

pedals allowed an efficient means of self-transportation [1]. In parallel with the invention of the 

electric dynamo in the 19
th

 century, it is speculated that pedal power was used to generate 

electric power as early as then [13].  
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However, with the burgeoning of the industrial revolution in the 19
th

 century and forward, 

human society found other ways of powering their engineered applications. Particularly, the 

availability of cheap and plentiful electricity, powerful motors and disposable batteries can be 

attributed to the decrease in popularity of using human strength [1]. Also, the ethical implications 

of having humans produce energy as punishment, as seen in some prison mills, further 

diminished the popularity of human sourced power [12]. It would take until the latter half of the 

20
th

 century for science to seriously reinvestigate this resource. 

 

Modern Applications 

Today, human power has made sort of a comeback with many applications where it can 

be of use and the reason to investigate alternative energy [1]. A novel feeling of empowerment is 

recognized when people are able to do things for which they had to rely on machines previously 

[12]. So much so, that the idea of powering solely from human energy exists as a technical 

challenge. For example, the American Society of Mechanical Engineers (ASME) holds the 

Human Powered Vehicle Challenge (HPVC) competition annually for encouraging higher 

education students to construct and compete with single-driver prototypes power by the driver 

alone [14]. Further, the Royal Aeronautical Society has various challenges for the Kremer‟s 

prizes in human powered flight [15]. The end goal of this initiative is to qualify such an endeavor 

to be a competitive sport, possibly a part of the Olympics.  

Human power has also been found to be uniquely good at providing energy generation in 

isolated situations. For example, [16] shows the development of hand-operated axial flux 

generators which can be useful for dismounted soldiers, search and rescue operation in case of 
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natural disasters, relief workers in remote regions and field scientists. The study demonstrates 

how 60W can be maintained from the generator for different applications while maintaining a 

lightweight design for portability. Further, [17] provides a good example of applying human 

power in remote areas of developing countries. In 1991, at the time of the study, many rural parts 

of India lacked any access to electricity. Further, fossil fuel or solar/wind energy generation 

required skill in operation and maintenance along with monetary resources that were unavailable. 

Human energy was determined to be simple, dependable, required low capital, and reliable for 

the application of desalinating local water. The successful implementation of a pedal powered 

system in the rural area produced a sustainable 100W to power the desalination system. This let 

clean water be available to the people locally, avoiding the need to walk 2km daily as done 

previously. 

This localized generation of electricity has also made human power an excellent method 

for micro-power generation. Theoretical analyses have been done to show that brisk walking 

motion can produce up to 5-8W, adequate for basic wearable computing [18]. Recent research 

shows the performance of three methods to perform this extraction. In [19], a summary of 

current progress in piezoelectric generator technology shows power generation capabilities of up 

to 8400μW. Further, small-scale electromagnetic generators are a little harder to manufacture but 

can produce power in the order of mW. [20] shows the development of a electrostatic generator 

which uses microball movement induced by low frequency human motion to generate at least 

40μW. Such output power may seem relatively negligible but it has potential in partially or 

completely removing the need for batteries, making portable designs lighter, smaller and longer 

lasting. This is especially promising for applications such as implantable and wearable 
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electronics, ambient intelligence, condition monitoring devices, and wireless sensor networks 

[19]. 

These micro-electricity generators also feature the unique aspect of passive electricity 

generation. That is, the generation requires no deliberate human effort. This is recognized as an 

advantage in terms of psychological human factors, prompting the study of power generation 

through child‟s play in [1]. This system used a pneumatically actuated generator for safety and 

cost considerations and was able to produce about 5W. Further, [21] investigates energy 

generation from a dance club by developing floor tiles that feature small-scale electromagnetic 

generators, allowing a single person to produce around 5-8W for extended periods of time. The 

study went further to measure power output when multiple humans are involved, as expected in a 

dance club environment. On average between 20-30W with some peak values within 60-100W 

were produced in this scenario. Hence, it is demonstrated how energy can be extracted from 

actions that are a regular part of human life, not requiring deliberate effort. Moreover, there is 

potential in benefiting from the social nature of humans to multiply the energy generated. 

The energy challenge as discussed earlier has generated interest in human provided 

power as it is a renewable, carbon-free source. Pedal power generation has even been established 

as a business with the presence of companies such as MNS Power (Mesa, AZ) which sells DIY 

plans and equipment with which anyone can build a human powered generator [22]. Also, ReRev 

(St. Petersburg, FL) has retrofitted at least 30 fitness facilities already to use existing ellipticals 

in generating electricity [23]. Generating power via pedaling on a stationary bike has also been 

investigated to find an output of 43-244W, depending on the load resistance [13].  
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Hence, it is seen that human power generation has multiple applications in modern 

society. It can be useful when users are isolated as possible with natural disaster, military 

deployment or being in a remote area. It also provides for an intuitive, easy to implement and 

relatively low cost design which is particularly useful in rural areas of developing nations where 

skill in operating equipment and investment capital is limited. Acquisition of energy via non-

deliberate human effort is also possible which could be useful for various novel portable 

electronics applications. Furthermore, it can allow for power generation to be done socially, 

removing the feeling of deliberate effort while increasing the power output significantly. The 

thought of using human energy as an alternative and renewable energy source is gaining 

popularity to the level that businesses have formed around converting exercise equipment such 

as stationary bikes and ellipticals to electricity generators. 

 

The Potential of Human Power  

When the energy intake of humans is considered, a large potential seems apparent. 

Considering the standard 2000kcal of daily consumption (97W of power in, on average), humans 

take in about 8.368MJ or 2324Wh of energy every single day. This is approximately the same 

amount of energy stored in the typical car battery (2400Wh) [24]. However, the expenditure of 

energy for common tasks is relatively high as well as seen in Table 2 [1]. Also, Table 3 shows 

some values for maximum power that can be captured as a result of human activity.  
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Table 2: Energy Consumption Rates of Common Human Activities 

Activity Power consumed (W) 

Sleeping 81 

Sitting 116 

Swimming 582 

Sprinting 1630 

 

Table 3: Maximum Power Generation Capability for some Human Activities 

Activity Maximum Human Power (W) 

Pushing button 0.64 

Squeezing handle 12 

Rotating crank 28 

Riding bike >100 

 

Hence, the available energy that can be captured over a short period of time is in reality 

quite limited. To replace just one of the largest capacity coal power plants in the United States 

(Arizona Public Service Co, Palo Verde, AZ) would require approximately the population of 2 

New York City metro areas to be riding human power generating bikes [4]: 
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The obvious impracticality of this figure shows why the scope thus far in human power 

generation has been limited to lower power applications such as consumer electronics. Table 4 

shows approximate values of some examples in this category along with the figurative amount of 

people needed to be pedaling on bikes to power the appliance [25].  

Table 4: Power Consumption of some Common Consumer Electronics 

Electronic Item Power Consumption (W) Figurative amount of 

people needed on power 

generating bicycles 

Active Noise Cancelling 

Headphones 

0.1 0.001 

Fluorescent Bulb 13 0.13 

Laptop computer 50 0.5 

Television (flat screen) 120 1.2 

Microwave oven 750 – 1100 7.5 – 11 

 

While such consumption and short-term expenditure analysis shows the low power 

prospects of human power generation, further analysis in terms of energy production over time 

should also be considered. Especially given the information present in the Obesity – A Growing 



16 

 

Health Issue section of this present study, the energy stored in excess fat tissue of humans should 

not be neglected. Obesity and overweight is characterized as simply too much body fat [9]. 1 

gram of fat contains 9kcals or roughly 37,656J [13]. To obtain a ballpark estimate of the energy 

an average male in the United States would expend going from being obese (Body Mass Index 

(BMI) = 35) to normal (BMI = 22), the following analysis is conducted: 

Table 5: Approximate Analysis of Fat Loss going from Obesity to Normal 

Parameter Value when obese 

(BMI = 35) 

Value when normal 

(BMI = 22) 

Source 

Average Height 

(male) 

69.4in   70in 69.4in   70in [26] 

Weight 243lbs = 110.2kg 153lbs = 69.4kg [27], converted using 

Wolfram Alpha 

Body Fat % estimate 

(by weight) 

34.80% 15.56% [28], using quadratic 

regression for males 

Mass of fat 38350g 10799g Weight * Body Fat % 

 

               
     

  
 
      

     
        

Thus, an estimated 27.6kg of fat would have to be burned by the person to achieve a normal BMI 

from obesity, releasing an approximate gross total of 1.037 GJ or 288.2 kWh of energy. 



17 

 

Considering a maximum efficiency of generating systems to be around 25%, 72.05kWh could be 

generated if the released energy is captured. While this is a rough estimate, it shows the 

magnitude of energy that can potentially be produced from human power through exercise over 

time. Also, this is the expenditure from one typical obese individual. The potential is even 

greater when the magnitude at which obesity and overweight affects the human population is 

brought into scope. As health consciousness becomes more prevalent, the energy released from 

fat burning exercise does not have to be completely neglected. 

 

Trends in use of Treadmills 

It is not hidden knowledge that overweight is a serious health problem in modern society. 

Fitness clubs, exercise regimes, dieting routines, and other fat-burning methodologies have 

gained much popularity, especially in the United States, due to peoples‟ increased awareness of 

self-image and health. A market research report shows that in the US, the Health and Fitness 

Club market grew from $15.9 billion in 2005 to $20.3 billion in 2010 [29]. Survey data within 

the report indicates that an increasing amount of people are exercising regularly with an average 

26% across all age groups already holding memberships to fitness centers.  

One of the most popular ways to burn fat is to do aerobic or cardiac exercise such as 

walking, running, cycling, swimming, etc. Another market report survey regarding exercise 

trends shows that at least 31% of people over 18 that exercise do cardiac exercise [30]. In terms 

of fitness equipment, the treadmill is, and has for a long time, been a staple in cardiac exercise 

machines. A market research report regarding Home Fitness Equipment recognizes this by citing 
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how the market share of treadmills was the highest of all at 60% in 2001 [31]. Further, the 

treadmill was the only equipment with a steady and increasing sales record over the previous 10 

years.  

However, treadmills are known to be one of the most power hungry of all exercise 

equipment. A study found measurements of power consumption from a variety of automated 

treadmills to be about 480W at the modest speed setting of 5mph [32]. At higher speed settings, 

the high power motors were found to consume even more energy, up to 1083W at 9mph. The 

overall average consumption, across 5 different treadmills and speed settings ranging from 3 to 9 

mph, was found to be 568W. A comparison of treadmill power consumption to other exercise 

equipment and overall fitness center power expenditure is presented in [33]. Treadmills were 

found to be the 3
rd

 highest expenditure of energy overall at the University of California – 

Berkeley Recreational Sports Facility. At 12% of the 1,447,729 kWh energy consumption of the 

entire facility in 2008-2009, the 22 treadmills together consumed an estimated 174,000 kWh 

(7909 kWh per treadmill). This was behind only to Heating and Ventilation at 47% and Lighting 

at 40%, while all other equipment combined consumed the remaining 1%.  

All this expenditure is despite the energy produced from the human walking, resulting in 

combined total losses to heat, which in turn is cooled by spending more energy in ventilation. 

The process can be improved by introducing the possibility of human power generation which 

removes the need of electrical power input and in turn can capture and generate power. Other 

exercise equipment has been modified to do this [12, 13, 22, 23, 33], however, treadmills have 

not been investigated with this concept despite their popularity, energy consumption and 

resultant environmental impact.  
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Purpose of Thesis Study 

The purpose of the present study was to design, build and evaluate a treadmill generator 

system that charges a heavy duty electrical battery. Further, the power output of the prototype 

was to be quantified at various speeds and different angles of inclination. This output was 

compared to energy expenditure predicted by metabolically derived equations in literature to 

obtain estimated efficiency calculations. The resulting performance capabilities were evaluated 

for various applications the concept could have. 
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Methods 

Prototype Development 

The laboratory prototype of the treadmill generator was based around a manual treadmill 

donated by the author‟s father. It was a DP Fitness model EX580 with a 32.7cm wide and 240cm 

long belt. It had two flywheels as part of the front axle with a 170±1mm diameter each 

(measured using a metal ruler). The weight of the front and rear axles, including the flywheels 

was found to be 7.26±0.23kg and 2.00±0.09kg, respectively (measured using an OHAUS 200lb 

scale). This let the prototype require no power consumption to operate; all power going into the 

system would be from the human‟s work. The power coming out of the system was to be 

collected in a 12V rechargeable battery.  

The battery chosen for the prototype was a Duracell Powerpack 600 which contained a 

sealed lead acid (AGM) battery (28Ah, 12Vdc nominal) and AC power output components for 

easy draining of collected energy to electronics such as laptops, etc. The cigarette-lighter DC 

charging port was used to interface with the internal battery of the device. The other end of the 

provided cigarette lighter plug cable was stripped to expose positive and negative poles to be 

connected to the electrical circuit. The internal circuit breaker was specified to be at 12A which 

the experiment trials did not exceed. The specifications of the battery can be found in Appendix 

A. 

The mechanical energy produced by the treadmill‟s belt motion was translated to 

electrical with the use of a DC electromagnetic generator dynamo of 300W peak capacity, 

obtained from MNS Power [22]. The specifications can be found in Appendix A. This choice 

was made due to the relatively high power output expected from human leg motion [13, 17]. 
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Cheaper hand-held cranks were deemed inadequate due to their peak power output capacity of 

around 10W. Further, the dynamo came with a 3L size v-belt pulley attached to the shaft. This 

was used to mount an adjustable v-belt to be coupled with the left flywheel of the treadmill‟s 

front axle. V-belt links were removed until the displacement was about 1inch when pressed with 

a finger. The approximate length of the belt as used for measurements was 20in.  

The flywheel to be connected with the v-belt was machined using a lathe to incorporate a 

40° angle (as characterized for a 3L belt) along the center of its circumference. Figure 2 

illustrates how the front axle was mounted; a center point was drilled in the inner axle about 

which the outer (darker) axle was spun to enable cutting.  

 

Figure 2: Process of machining v-belt groove into the front axle flywheel. (a) shows the manner in which the 

entire axle was mounted onto the lathe, (b) illustrates the inner axle (grey) stationarily mounted on the 

centerpoint fixture while the darker outer axle spins for machining, (c) shows the final cut product 
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The resulting inner diameter of the flywheel was measured to be 15.6cm using a metal ruler. The 

inner diameter of the dynamo pulley was measured using a digital caliper to be 31.58mm. Hence, 

the belt transmission ratio obtained was   
         

       
 

      

       
     .  

In order to keep the generator stable and static in movement with respect to the treadmill, 

a fixture was developed. The fixture was machined using scrap aluminum found in the Dept. of 

Mechanical Engineering student shop. It had four holes to mount the generator onto and two for 

mounting it onto the left leg of the treadmill. The holes for the left leg were slightly offset 

between each other to support the moment produced by the weight of the dynamo. Matching 

holes were also machined onto the treadmill leg. A schematic drawing of the fixture is available 

in Appendix A. Figure 3 shows the final assembly of the belt and dynamo mounted onto the 

treadmill and coupled with the flywheel. 

The general electrical circuit of the generator and battery connections was not very 

complicated as seen in Figure 4. The basic circuit involved only the generator dynamo and 

battery connected in series with diodes that ensured current would not flow from the battery to 

the dynamo. The dynamo can also be characterized as a motor when generating no voltage and 

hence without the diodes, the battery would be able to drive the treadmill in reverse. 

Specifications of the diodes are available in Appendix A. 
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Figure 3: Red adjustable v-belt used to couple the left treadmill flywheel with the generator dynamo mounted 

on the left leg 

 

Figure 4: Basic schematic of connecting the dynamo to the battery to enable charging, full size available in 

Appendix A 
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In order to make measurements, a few components were added to the basic schematic. 

Figure 5 illustrates the final schematic implemented for the power generating circuit. There were 

four voltage measurements acquired using a National Instruments BNC-2120 data logger 

instrument. The voltage measurement limit for this device was ±10V, below the approximate 

12V levels of the generator and battery. Hence, voltage dividers with high resistance values were 

used to halve these to measureable values. The accuracy of these readings was within       . 

The resistors were all approximately 1   as measured by a Fluke 115 Digital Multimeter 

(accuracy within         ). The bleed current and power due to the dividers was calculated to 

be within   A and    W, respectively, given a 14V potential difference. These values were 

deemed acceptable for the current study‟s purposes as they are many orders of magnitude smaller 

than expected power generation values of >10W. The resulting voltage measurements were 

calculated as follows: 

Equation 1: Generator Voltage 

               
     

  
     

Equation 2: Battery Voltage 

                 
     

  
     

Where:    values are potential differences as referenced in Figure 5 [V] 

   values are resistances as referenced and specified in Figure 5 [ ] 

In order to measure the current through the circuit, a shunt resistor with a low resistance 

(           ) and rated high power (50W) was connected in series with the battery and 

generator. The voltage across this resistor was measured using a Keithley 2182A Nanovoltmeter 
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with a resolution of 100nV and maximum error of     V in the 1V range expected for the 

measurements. The current was determined using Ohm‟s Law: 

Equation 3: Circuit current derivation 

  
 

 
 

  
  

 

Where:     is the potential difference across the shunt resistor [V] 

    is the value of the shunt resistance (    ) 

   is the general generator circuit current [A] 

 

Figure 5: Final circuit schematic for making voltage measurements, full size available in Appendix A 

The power generated could hence be calculated using the power relation: 

Equation 4: Determination of Power Generated 

            

Where:     is the power generated by the dynamo [W] 

    is the voltage across the dynamo, as determined using Equation 1 [V] 
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   is the general generator circuit current [A] 

The speed of the treadmill belt was measured using a proximity sensor built into the right 

side flywheel on the treadmill‟s front axle. The sensor consisted of a magnet and a reed switch 

which closed the circuit when the magnet was nearby. A circuit as shown in Figure 6 was 

created, incorporating a constant 9V battery DC source (8.79±0.045 V as measured by Fluke 115 

DMM) connected with a 200   resistor (measured to be 198.6±1.79    using Fluke 115 DMM) 

with the proximity switch in series. Therefore, whenever the magnet mounted on the right 

flywheel came close to the reed switch, the switch was closed and a pulse voltage measurement 

was produced across the resistor. The frequency of these was determined by measuring the 

period between the front edges of these peaks. This allowed for the calculation of the belt speed 

using the radius of the smaller front axle diameter and angular velocity (assumed to be the same 

throughout axle, including flywheels): 

Equation 5: Walking belt speed determination 

                  

Where:        is the speed of the walking belt [m/s] 

       is the smaller front axle radius on which the walking belt was mounted [ ] 

(measured using digital calipers to be                    ) 

   is the frequency of 9V pulses (inverse of period between the front peaks) [Hz] 
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Figure 6: Frequency and walking belt speed measuring circuit 

Alligator clip cables were used to construct the main power circuit due to their flexibility, 

ease of connection and capability of carrying the current expected to be encountered in the tests 

(within 10A). For the walking belt speed measuring circuit, solid wires were used in conjunction 

with a breadboard. Voltage probes were connected using BNC cables.  

Data was collected using 4 channels on the NI BNC 2120. This captured 4 voltage data 

points at each measurement: shunt resistor voltage (V4), frequency circuit resistor voltage (V1), 

divided voltage across generator (V2), and divided voltage across battery (V3). All 4 channels 

were fed into a National Instruments LabVIEW VI which collected the data, appended a time 

stamp to each measurement and stored the data in tab-delimited form. As illustrated in Figure 7, 

the VI also featured a live view of the data capture through 2 charts, one with a continuous view 

of data captured in the last two seconds and the other with a cumulative plot of all data gathered 

thus far. The cumulative plot was also saved in a bitmap graphic format.  

The resulting prototype is shown in Figure 8. A comprehensive bill of materials is 

available in Appendix A; the total value of the entire system was estimated to be $642.50. 
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Figure 7: LabVIEW Virtual Instrument (VI) Program used for data capture 

 

Figure 8: Final built prototype and labeled subcomponents 
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Prediction Equations 

In order to compare obtained power measurements to energy expenditure expected from 

the human body, prediction equations were researched. Initially, an analysis was conducted using 

force and moment balance along the treadmill belt. The energy put into the treadmill generator 

system could be calculated by multiplying the force exerted onto the belt by the human and the 

respective stride length. However, it was difficult to measure the force applied on the belt and 

subsequently, the value of work performed. Also, the stride length could not reasonably be 

considered uniform and would have required lengthy video data recording.  

Analysis was hence conducted using prediction equations present in the study of 

kinesiology based on the oxygen consumption of humans during walking and running motion. A 

comparison of various prediction equations is presented in [34]. The correlations presented by 

the American College of Sports Medicine (ACSM) equations were found to be reasonably 

accurate for both walking and running with errors within 12.7W and 35.3W, respectively. Also, 

these correlations account for the „grade‟ or angle of inclination over which the human is 

walking, allowing for an analysis of power output with respect to the treadmill‟s angle of 

inclination in the present study. 

The ACSM equations are provided as follows: 

Equation 6: ACSM Prediction Equation for human volumetric oxygen consumption when walking 

   
                    

Equation 7: ACSM Prediction Equation for human volumetric oxygen consumption when running 
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Where:     
  is the volumetric oxygen consumption rate of the human [mL / kg-min] 

   is the speed of the human, same as       in the present study [m / min] 

   is the percent grade of the treadmill inclination of walking, equal to        
    

   
 

where   is the angle of inclination in degrees 

The measurements from the generator were made in Watts and hence, the predicted energy 

expenditure was converted to Watts. This was done by multiplying by the subject human‟s mass 

(kg), converting the resulting value to (L/s), and using the known metabolic conversion ratio of 

           J. The resulting prediction equations are as shown in Equations 8 and 9. 

Equation 8: ACSM Prediction Equation for human power consumption when walking, in Watts 

     
     

  
                          

                                            

Equation 9: ACSM Prediction Equation for human power consumption when running, in Watts 

     
     

  
                          

                                            

Where:    is the predicted power consumption of the human [W] for Walking or Running 

       is the speed of the treadmill walking belt [m/s] 

   is the treadmill‟s angle of inclination [ ] 

   is the subject‟s mass [kg] 
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 Comparing the obtained predicted human energy output values to the power generated 

values allowed for the determination of gross efficiency as specified in Equation 10. This 

quantity showed insight on how much energy can be collected versus the total energy expected 

to be expended by the human. 

Equation 10: Gross Efficiency 

       
  

          
 

  

  
  

  

  
 

While this value is useful in determining the effectiveness of the treadmill generation 

process, it is important to consider that a lot of the energy expended by the human is lost to heat. 

There have been numerous studies on the efficiency of walking and running, that is, the ratio of 

energy expended that actually goes towards human body movement. The values reported in 

literature vary, however, with efficiency values ranging from 17% to 28% [35]. For the purpose 

of determining the generator system efficiency, meaning its ability to capture the portion of 

energy expected to be contributed towards actual human motion, the conservative value of 25% 

was chosen as the human walking/running motion efficiency. The resulting derivation of the 

treadmill generator system efficiency is provided in Equation 11 where   is the chosen value for 

human motion efficiency (0.25). 

Equation 11: Determination of Treadmill Generator System Efficiency 
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Experimental Methods 

 

As mentioned earlier, the purpose of this study was to quantify the power output and 

efficiency of a treadmill based human power electricity generator. The prediction equations cite 

three main variables that can affect the power output: the subject mass, the belt speed and the 

angle of inclination. Due to the complicated nature of studies featuring multiple human subjects 

not necessary for this initial prototype study, a comprehensive study of human factors was not 

conducted. As such, all tests were conducted by a college student in the age range of 18-22, of 

average fitness (             kg, measured using a standard weight scale). The effects of 

the remaining variables, the belt speed and angle of inclination, were tested for at different levels. 

The experiment was designed to obtain two types of quantities for power generated. The 

first was the average power outputs over a sustained belt speed. The second was the peak power 

generated given the present subject. The efficiency was calculated using the same data by 

calculating the predicted output for the measured average speeds. 

It was hypothesized that belt speed would have the greatest effect on the power produced 

as the dynamo generator used in this study primarily produces power as a function of its shaft 

RPM (rotations per minute). The velocity input to the front axle is the same from the belt surface 

regardless of the treadmill‟s angle of inclination as the axle is at the treadmill‟s pivot point. 

Hence, more levels of belt speed were tested for while the levels chosen for the angle of 

inclination were through a max-min bold strategy.  

The test consisted of 4 levels for belt speed and 2 levels for angle of inclination. Each 

configuration had 3 runs to create a total of 24 runs for this test as shown in Table 6. Each run 
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was targeted to have around 30,000 data points to stay within limit of 32000 points for data 

plotting in the data analysis software used, Microsoft Excel 2007. It was necessary to change the 

sampling speed for the higher belt speeds in order to increase precision in frequency (and hence, 

belt speed) measurements. The resulting 21-60s duration range over which analysis was 

conducted was expected to be enough for any dynamic effects to stabilize.  

Table 6: Test Run Configurations 

 Angle of Inclination Sampling Information for Each Run 

Average Speed 

Target (m/s) (and 

corresponding 

frequency) 

           Sampling 

Rate 

Time 

Range 

Analyzed 

Data 

Points 

1.8 (9.5Hz) 3 runs 3 runs 500 60 30000 

2.0 (10.7Hz) 3 runs 3 runs 500 60 30000 

2.2 (11.5Hz) 3 runs 3 runs 1000 30 30000 

 2.4 (>12Hz) 3 runs 3 runs 1500 21 31500 

 

Since this was on a manual treadmill, the belt speed was manually controlled by the 

subject via simultaneously reading the frequency of the belt speed circuit (Figure 6) on a 

Keithley 2700A Digital Multimeter (±0.016Hz). The speed levels were chosen based on typical 

speeds on automated treadmills. The slowest speed was 1.8m/s (~4.0mph) with the remaining 

determined in increments of 0.2m/s (~0.5mph). The last speed level was more to determine the 
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maximum possible power output and hence, there was no target to follow other than sprinting for 

21s. The angles of inclination were determined via bold strategy by using the lowest and highest 

settings (apart than horizontally level) available on the treadmill. These were calculated, using a 

metal ruler and geometrical similar triangles analysis, to be      and       (      ).  

As part of conducting the tests, a wireless mouse (Logitech MX1100) was used to control 

the LabVIEW VI from near the treadmill. Also, a stopwatch app (Ultrachron Lite ver. 1.9.3) was 

used on an Android cell phone (HTC Evo Shift, Android 2.3) to monitor the duration of the test 

run. The procedure followed for each run is described as follows: 

1. Setup 

o Tighten treadmill belt to axle to minimize slippage but not enough to make 

the belt too tight to move 

o Connect the circuit as specified in Figures 4 and 5 

o Connect Keithley 2100A DMM to speed measuring circuit and set to 

reading frequency in Hz, slow refresh (1s gate) 

o Connect Keithley 2182A Nanovoltmeter and NI BNC 2120 to the 

computer with LabVIEW  

o Ensure the 4-channel LabVIEW VI detects all channels, note the order in 

which they will be recorded in the data files 

o Ensure treadmill belt surface is free of any items and that the overall setup 

is reasonably safe to use 



35 

 

2. Test runs 

o Ensure treadmill is at desired inclination setting 

o Press play in the LabVIEW VI using wireless mouse and start on 

Ultrachron Lite stopwatch app on Android phone 

o Begin running, control pace to desired level using live reading from 

Keithley 2100A DMM 

o Continue running until at least 2 seconds greater than targeted duration as 

displayed on stopwatch app 

o Slow to stop, continue recording data for 5 more seconds to capture 

resulting battery voltage 

o Press “Save” in LabVIEW VI to stop recording data and save the recorded 

tab-seperated-values (tsv) file and overall chart bitmap graphic 

o Stop the stopwatch timer 

o Rest for at least 5 minutes before next run 

3. Repeat #2 for all test runs 

4. When done all runs, disconnect power and frequency circuit, especially voltage 

divider across battery 
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Notes and Observations 

The protocol was followed closely for all but three runs. The sampling rate for 2.2m/s 

Run 1 (6.5 ) was accidentally left at 500 samples per second from the previous run. Further, the 

subject had to slow down due to physical fatigue for the 3
rd

 replicate runs from 2.0m/s (     ) 

and     m/s (     ) configurations, causing the steady speed portion to be cut down to 55s and 

13s, respectively. In all three cases, the number of data points gathered was affected by the 

deviation. These discrepancies were accounted for in calculating the average results‟ precision 

error and are not expected to have affected the measurements with bias. 

An interesting observation was that the belt speed and the power generation values were 

not straight curves as would be expected from an automatic treadmill. Figure 9 shows a 1 second 

excerpt from one of the 2.0m/s,      runs. It is seen that the power generated was more like a 

sine-curve which oscillates with variation in the belt speed. The belt speed followed a similar 

pattern, suggesting that both quantities changed with the stepping motion of the subject. Right 

after a step, the belt velocity and power peaked and then slowed down as energy was extracted 

out of the flywheels until the next step.  

Furthermore, due to the fact that only one magnet was on the right flywheel, the sensor‟s 

reading was not updated until another full revolution had occurred. Hence, the belt speed 

measurements were considered as averages over their respective period durations. Power 

generation data was thus respectively analyzed as an average over many cycles in a longer range.  
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Figure 9: Power Generation and Belt Speed with time for 2.0m/s Run 3 at 6.5 degrees, 1 second excerpt 

 

Figure 10: Power Generation and Belt Speed with time for 2.0m/s Run 3 at 6.5 degrees, over entire 60s range 
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The relatively consistent values seen in Figure 10 illustrate how this is reasonable as long 

as the standard deviation is accounted for in the precision error of the averages. The belt speed 

was similarly accounted for by finding the mean and standard deviation over a large number of 

cycles for each run. Regardless, an upward trend in power generated with averaged belt speed 

was hinted at in each run‟s results as seen in Figure 11. Even though there are multiple values 

for power generated for each averaged belt speed (over a revolution), the higher the average 

speed indicates higher power generated. 

Figure 11: Distribution of Belt Speed due to Manual Control by Subject for 2.0m/s Run 3 at 6.5 degrees, over 

entire 60s range 

 

 

0.0 

10.0 

20.0 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

1.8 1.85 1.9 1.95 2 2.05 2.1 2.15 2.2 2.25 2.3 

P
o

w
e

r 
G

e
n

e
ra

te
d

 [
W

] 

Average Belt Speed [m/s] 

Power Generated with change in Belt Speed 



39 

 

Results and Analysis 

General Power Output 

The data from all runs was analyzed to obtain average and standard deviation values of 

power generated and belt speed over the range in which they were expected to be steady as listed 

in Table 6. In order to compare the effects of changing the angle of inclination, these values were 

plotted together to construct Figure 12. 

Figure 12: Average Power over Range with Different Levels of Angle of Inclination, 95% confidence error bars 
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power output based on increased shaft RPM and the flywheels were at the pivot point for the 

angle of inclination change. Therefore, the angle of inclination offered no added mechanical 

advantage to the transmitted rotational power. 

On the other hand, a strong relationship is seen between the belt speed and the power 

generated. When the data from the 3 replicates of all variable configurations are averaged and 

their errors propagated, the following linear regression for the overall power generation is 

obtained: 
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Figure 13: Overall Power Generation linear relationship, all variable levels averaged, 95% confidence limits 
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The rate of increase is significant, with a projected nearly 142W increase in power output with 

every 1m/s increase in speed. The non-linear 95% confidence and prediction bands in Figure 13 

display the expected error in this relationship.  

When the relationship is extrapolated, the estimated speed „limits‟ for power generation 

in this system are obtained. The minimum belt speed required to produce any power was found 

to be approximately 1.76m/s (3.94mph). Also, given the generator‟s peak rated power limit of 

300W, the upper limit for the belt speed is estimated to be 3.88m/s (8.68mph). This produces an 

energy generation window of approximately 2.12m/s (4.74mph) using the setup in this study. 

These values can be adjusted for power generation at slower or faster belt speeds by adjusting the 

transmission ratio at the flywheel and dynamo coupling. For slower belt speeds, a higher 

transmission ratio would be desired, while the inverse would be necessary for generation at 

higher speeds. 

The sprint runs were used to determine the maximum sustained and short-term power 

output possible from the generator system. In Figure 14, the data from one of the fastest runs 

shows that roughly 140W were achievable for a short period of time. Also, an average of 

           W was sustained throughout the run with an average speed of             m/s. 

Subsequent high speed runs had to be slowed down slightly due to the occasional occurrence of 

belt slips as the electrical load resistance matched the frictional forces between the belt and axle. 
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Figure 14: Power Generation and Belt Speed with time for >2.4m/s Run 1 at 6.5 degrees, over entire 21s range 
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using the walking ACSM relation (Equation 8) while that for the fastest two speed levels was 

predicted using the ACSM running relation (Equation 9). 

Figure 15: Gross and System Efficiency with Different Levels of Angle of Inclination, 95% confidence error bars 
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as the axle is at the pivot point of the treadmill. However, the prediction equations suggest that 

the human would spend more energy when climbing a steeper inclination. Hence, having a 

steeper inclination does not necessarily help the power generation effort as the human can 

expend more energy than necessary for the same amount of power generated. 

Figure 16: Overall Efficiency linear relationship, all variable levels averaged, 95% confidence limits 
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To estimate the efficiency from all possible angles of inclinations, all of the data was 

again averaged across replicates and plotted to form Figure 16. As a result, this regression is not 

from very precise data (         ) but shows the estimated efficiency with 95% non-linear 

confidence levels. The equations produced are presented in Equations 13 and 14: 

Equation 13: Linearly Regressed relationship between Gross Efficiency and Belt Speed 

                          

Equation 14: Linearly Regressed relationship between System Efficiency and Belt Speed, considering 25% Gait 

Efficiency (     ) 

        
                  

 
                    

It is seen that the efficiency steadily increases with increasing belt speed. The minimum average 

gross efficiency was found to be            % for the lowest level of speed at      . On the 

other hand, at higher speeds and     , a maximum average of            % was obtained. The 

corresponding system efficiencies were            % and           %, respectively. It is 

interesting to note that a convergence to a maximum efficiency was not found in this study. Thus, 

higher efficiency may be possible at higher speeds but must be incorporated into further testing 

to confirm.  

The efficiency values suggest power losses within the generation system. The inevitable 

friction losses in belt and axle motion are expected to have significant contribution to these 

inefficiencies. Also, the mechanics of the two axles of relatively high mass was found to be non 

steady state. This means, some power had to go towards accelerating the axles with every step. 
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 Further, the internal resistance of the generator (specified to be     ), resistances in the 

circuit (shunt resistor, wires, diodes) and voltage divider/probe leakage current are all expected 

to have contributed to power losses and inefficiency. In application, the shunt resistor and 

voltage dividers and probes would not be necessary, resulting in a more efficient system. 

Moreover, the derivation of the system efficiency involved picking a conservative value 

of 25% for the gait efficiency. Studies have also suggested gait efficiencies of lower values 

which could mean higher system efficiency for the prototype in this study. 

 

Statistical Analysis 

In order to evaluate statistical certainty and validity of the obtained results, bias and 

precision errors were propagated through the various equations involved in calculations. The 

basic method of this was through the following known error propagation equations: 

Equation 15: Propagation of error and uncertainty through variables involved in functions 

     
  

   

   
 
 

  
  

   

   
 
 

   

Equation 16: Individual variable uncertainty 

   
       

            
  

Equation 17: Precision error assuming value of variable follows Normal Distribution 

            
     

  
 

Where:               is a general function defined by variables such as    and     
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 is the uncertainty in the value of the respective variable 

       is the systematic error that can offset a variable‟s mean (calibration, resolution, 

etc.) 

            is the error due to random variation in the measured value 

   is the error function factor for the desired level of confidence (for 95%,  =1.96) 

    
 is the standard deviation of the measured mean over the range of data 

   is the amount of data points used 

The uncertainty bands for this study‟s calculations were quantified with aid of a software called 

GUM Workbench v2.4.1.384, Academic Ed. (Metrodata GmbH. Weil am Rhein, Germany), 

which evaluated Equations 15 through 17. When the error varied with the quantities of the input 

variables for a given function, the maximum relative error was determined and used for all 

calculations in the study. Results of the propagation analyses from this software are available in 

Appendix B. The uncertainties were determined to be as follows: 
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Table 7: Uncertainty Values in Determining Quantities of Importance in this Study 

Quantity Reference 

Equation 

95% Uncertainty 

Value from GUM 

Workbench 

Additional 

Uncertainty* 

Power Generated 4 ±5.8% (relative) Precision 

uncertainty from 

each run‟s data 

Belt Velocity 5 ±0.0036 m/s Precision 

uncertainty from 

each run‟s data 

Predicted Power, 

Walking 

8 ±3.5% (relative) Measured bias error 

from study in [34] 

(12.7W) 

Predicted Power, 

Running 

9 ±2.0% (relative) Measured bias error 

from study in [34] 

(35.3W) 

Efficiency, Gross and 

System 

10, 11 ±12.0% (relative) N/A 

*accounted for using root-sum-of-squares method for every calculation 

The relatively high error in the efficiency calculations is due to it involving both the predicted 

and the generated powers‟ uncertainties.  



50 

 

Furthermore, linear regressions were performed using Microsoft Excel 2007, their 

confidence and prediction uncertainty intervals were evaluated using the following non-linear 

methods: 

Equation 18: Confidence Interval for Linear Regression 

                
 

 

 
 

         

         
 

Equation 19: Prediction Interval for Linear Regression 

                
 

 

   
 

         

         
 

Where:    is the independent variable of the regression (     ) 

   is the dependent variable of the regression (   or       ) 

   is the number of data points used in the regression 

   is the number of degrees of freedom (      for a linear regression) 

   is the percent confidence level (95%) 

        
 is the standard error in predicted value (obtained via regression) 

These interval values were added or subtracted from the regression predicted values to give the 

interval bands present in Graphs 6 and 9. 
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Discussion 

Comparison with other Human Power Methods 

With the performance of a treadmill based prototype determined, it is worthwhile to 

compare it with other human power generation methods. Table 8 shows a comparison with the 

methods discussed earlier in the Modern Applications section of this thesis. 

Table 8: Comparison of Maximum Power Generated and Estimated Efficiency with some other Human Power 

Generation methods 

Generation Method Maximum Power 

(per single person) 

Maximum Efficiency 

Estimate 

Reference 

Electrostatic generator 

(low frequency human 

motion) 

40 W N/A [20] 

Piezoelectric 

generation from 

walking 

8400 W 1.89% (theoretical) [19] 

Generation through 

pneumatic actuators 

(passive, child‟s play)  

5W 1.6% [1] 

Electromagnetic 

generation system 

5-8W 48% [21] 
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under dance floor tile 

Hand operated axial 

flux generator 

60W 80-90% (theoretical) [16] 

Treadmill Based 

Electromagnetic 

Power Generator 

140W 37.9% or more Present thesis 

Pedal Powered 

(Stationary Bicycle) 

100W – 244W 91.2% (theoretical) [13], [17] 

 

The assessment across different methods shows that treadmill-based power generation is 

on the „heavy duty‟ side of human power generators. With 140W of demonstrated peak power, 

the only system to produce similar output is a stationary bicycle generation system. Both operate 

on the same principle, having a belt transmission to an electromagnetic generator dynamo. 

However, with the frictional heat losses at the treadmill‟s belt and the non-steady-state flywheel 

mechanics, the system exhibits lower efficiency than its pedal powered counterpart.  

New axial flux generation also has potential with relatively high power output at 60W. 

Though the duration over which this output can be maintained must be verified due to its hand-

operated nature. Further, the theoretical estimations of efficiency up to 90% must be 

demonstrated with the development of prototypes.  
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It is interesting to note that all „passive‟ human power generation applications (walking, 

child‟s play, dance club) with current technology exhibit low power output as well as low 

efficiency. Further advances in technology must be made to achieve higher efficiency to improve 

the feasibility of the concept. However, the long term production through this concept should 

also be kept in scope as many of the concepts are based on phenomena (walking, dancing, etc.) 

that are prevalent in daily life. Also, the characteristic of passive generation involving little 

deliberate effort is important in the implementation of human power systems in a society used to 

automated systems. 

 

Applications of Generated Energy 

As discussed earlier, mechanical power produced from human effort has been popular if 

not vital through history. However, apart from basic tool usage, the level at which human energy 

is used for mechanical power is limited in modern times. One of the few examples where this is 

showcased is the Schwinn Airdyne exercise bike [36]. This device features no electromagnetic 

resistance for physical training; it rather uses a proprietary fan blade which provides unlimited 

resistance levels through air resistance. Also, the fan cools the user as they exercise. While this 

method enhances the experience of the workout through human power, it is unable to capture the 

energy for later use. 

Most modern human power generation efforts have instead been focused in converting 

and storing the energy in electrical form as outlined in the previous sections. The industrial age 
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has produced countless devices that consume this form of energy, making its application 

potential nearly universal.  

The discussion present earlier in this study of possible applications holds true for this 

treadmill prototype. With a sustainable average output of 60-100W, the device can continuously 

power personal electronics such as MP3 players, cell-phones, tablets and laptop computers. 

Further, the energy can be directed to the local grid where it could contribute to powering low 

wattage, high efficiency lights or basic fan ventilation. The energy can also be used to enhance 

the workout experience by providing incentive to continue running. An example of this would be 

a music speaker system powered by the treadmill that could get louder with increasing speed but 

turn off when the running stops.  

Furthermore, the treadmill generator can extract energy and store it in batteries, later to 

be useful for powering a wider variety of applications. As in this study‟s prototype, the battery 

can be a part of a Powerpack system with integrated circuitry to provide the energy in compatible 

AC wall outlet format. This way, anything from desktop computers, TVs, video gaming systems, 

vacuum cleaners, microwaves etc. can be powered for a limited time.  

The treadmill generator can also prove to be useful in isolated situations such as in rural 

areas or developing countries. The major advantages the system would have over other 

generation methods (solar, wind, fossil fuel) are as echoed in [17] for a pedal powered generator; 

the implementation would be relatively simple, the system over its lifetime would be cost 

effective and minimal training would be required in its operation. With a minimalist linear 

electrical circuit and an exercise machine that most manufacturers in the western world trust a 

layman to be able to assemble, the implementation of the generator would not be complex. 
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Further, the simplistic design attributes limited maintenance requirements and components that 

would be inexpensive to replace if broken. Not to mention, there would be no material fuel 

needed other than food and water which is expected to be provided as a basic need for life. 

Additionally, the general technical aptitude of people in developing countries can be limited, 

especially in rural areas, but this generator would require minimal skill in operation as the main 

process is through walking or running. These characteristics enable the treadmill generator to be 

a viable option for producing power in isolated situations, helping deliver electricity and its 

benefits to places hard to reach from the grid. 

That said, the treadmill human power generator is not a definitive solution to the overall 

energy crisis. The rate of energy generation is too little to be able to meet energy demands of 

today. However, it does prove to be a responsible source of energy since it is renewable, 

promotes good health and can reduce energy usage. The human energy going in is sustainable as 

opposed to electricity which is likely to be generated from fossil fuels as shown in the first 

section of this thesis. Also, the method promotes good health as treadmills are a known way of 

cardiovascular exercise, particularly important in the current situation of overweight and obesity 

levels. In fact, exercise on manual treadmills can burn more energy when compared to automatic 

machines [37], accelerating the rate of calorie burning for affected persons.  

Furthermore, a significant benefit of the treadmill generator is the reduction of energy 

consumption and the resulting financial savings. The average power consumption for a treadmill 

was found to be 568W, with a maximum of over 1000W, as stated earlier [32]. Taking away that 

consumption and replacing with a possible source of about 100W can have a definite positive 

impact in terms of energy consumption. This translates easily to monetary savings; considering 
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the 7909kWh consumed by one treadmill at the University of California – Berkeley Recreational 

Sports Facility in 2008 [33], the annual cost is $1084.00 in 2008 USD at the average price of 

13.7cents/kWh [38]. This translates to $1155.86 in 2012 USD [39] per treadmill annually of pure 

energy consumption (no maintenance, capital, etc.). Assuming a treadmill generator of similar 

properties is developed and used at the same rate, the potential energy savings would be equal to 

that value, with the capital cost in development being around $650 2012 USD as experienced in 

this study. Not counting the potential cost savings from energy generation, the replacement of the 

treadmills with treadmill generators could feature payback within a year in savings. Hence, the 

concept features significant energy and financial savings that can be useful especially in a gym 

environment. 

There are also other points that the treadmill generator produces that can be added 

benefits to the users. Users are much more receptive to sustainable products when they feature 

benefits in addition to the sustainable impact [40]. In the hypothetical case of having a treadmill 

generator in a gym environment, the gym can produce incentives for using the human power 

generator based on the savings or energy generation brought to the gym due to its use. For 

example, the gym can provide discounts on memberships or produce a competitive scoring 

system based on the amount of energy generated by specific members. Adding such factors can 

produce convincing incentives not just to generate energy sustainably, but also to workout.  

Another added benefit of this system is that it gives a tougher aerobic workout as you 

generate energy. As stated earlier, the manual treadmill routine is known to expend more energy 

than that on an automatic treadmill [37]. This enables obese people to get an effective workout 

without having to reach faster speeds, increasing the likelihood that they would exercise. 
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Additionally, the treadmill generator has the benefit of educating its users regarding 

sustainability and need for a balanced diet. When users realize the raw effort needed to burn 1 

kilo-calorie, a perspective is produced on what the „Cal‟ readings mean on their foods‟ 

nutritional facts, helping improve peoples‟ diet choice. Furthermore, it gives an idea of how 

much human physical energy is needed to produce wattage for electrical appliance applications. 

This can improve the users‟ energy consumption and sustainability habits. Hence, the treadmill 

generator features various added benefits on top of a sustainable energy source that can help 

improve peoples‟ exercise regimes and understanding of the sometimes abstract topic of energy 

in food and electricity consumption.  

 

Applicability in Space 

As the conclusions outlined above were drawn as a part of this study, it was imagined 

that space could be another venue for applying the concept of human power generation. Here, 

humans face the situation of isolation where energy must be generated locally for life support, 

scientific experimentation and other power needs. Further, humans experience bone and muscle 

atrophy with increasing duration in space, requiring exercise to maintain healthy mass [41]. 

Three separate concepts of human power generation were derived that could be applicable in 

space. The challenges faced in implementation and resultant feasibility of these were researched 

by connecting with Mr. David Rubin, a Biomedical Flight Controller in the International Space 

Station program at NASA‟s Lyndon B. Johnson Space Center in Houston, Texas, USA. The 

entire email transcript is available in Appendix C. 
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The first concept was a direct transposition of the treadmill generator analyzed in the 

present study. Treadmills exist in space already at facilities like the International Space Station 

(ISS) to provide a means of exercise for the astronauts. The current models feature an automatic 

treadmill unit which isolates vibrations from disturbing nearby scientific equipment [42]. The 

energy consumed by the system, including the human‟s mechanical power, is however entirely 

lost to heat through friction and perspiration. This heat is in turn cooled by the onboard 

ventilation, consuming even more energy. The resulting process is not the most efficient and 

could be improved by implementing the human power generator to capture some of the energy 

expended. The treadmill could be coupled with an electromagnetic generator dynamo, as 

investigated in this study. Further, the vibration energy caused by the motion could be collected 

with the use of microelectronic generators such as piezoelectric technology.  

Mr. Rubin‟s feedback regarding this concept outlined the changed conditions in space, 

cost-to-implement and insufficient need for additional power generation. Though the manual 

setting is available on the treadmills in space, it is used rarely, reducing the opportunity of power 

generation. Also, in freefall, the angle of inclination does not matter, resulting in a workout 

equivalent to running on a level treadmill. In manual mode, this would require a much heavier 

dependence on muscle strength to maintain the belt speed as gravitational assistance would be at 

minimum. Furthermore, the two treadmills present in space at the moment would have to be 

modified to fit the electronics, an endeavor that could cost precious payload space and astronaut 

and engineering man-hours in complying with safety regulations. This would not be easily 

justifiable especially when the supply of energy is relatively low and the demand for additional 

energy sources is not high, with the solar array of the ISS currently providing approximately 
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84kW of power [43]. Hence, the implementation of this concept would not be highly feasibly 

since it features a disproportionate return on the investment. 

The second concept shared involved a self-powered space suit, also known as an 

Extravehicular Mobility Unit (EMU). When astronauts go for spacewalks, being in constant 

communication with the rest of the crew is critical. Given the isolated situation, a method of 

local power generation can be developed using concepts such as piezoelectric or low-frequency 

electrostatic generation. The possible benefits include the lack of having to be tethered to the 

space station and the lower dependence on batteries, extending the flexibility and maximum 

possible duration of the walk. 

In the opinion of Mr. Rubin, this concept would more likely shift the bottleneck from 

battery life to human fatigue. The EMUs currently do depend on batteries when not connected 

with the ISS main power system, posing as the main limitation for the duration of a spacewalk. 

However, a self-powered suit based on human power generation could require the astronauts to 

do extra work in the already bulky and fatiguing EMUs. This is highly undesirable as increased 

fatigue can lead to errors and behavioral changes that can risk the success of the mission. Other 

means (ex. solar) would be worth investigating to produce a self-powered suit as it would indeed 

help extend the space-walk durations.  Though, this would involve the challenge of balancing 

durability, flexibility and safety of the space suits. Thus, this concept would be feasible with 

other localized generation methods as human power would add to astronaut fatigue during 

critical mission time. 

The last concept was with the imagination that in the future, humans would have 

achieved an extraterrestrial settlement such as one on Mars. A fitness center would be a vital part 
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of this settlement as the astronauts stationed here could experience an extended amount of time 

in gravity weaker than that of Earth, 62% weaker in the case of Mars [44]. This fitness center, 

with its treadmills, exercise bikes, etc. could also be a human power generation system. The 

power obtained from this could be a primary (to power personal electronics) or backup (in cases 

of emergency) source as regular workouts would be necessary to maintain bone and muscle mass. 

The other benefits are as outlined earlier for any developing country; the power generation 

method is intuitive and reliable as the equipment involved is of relatively simple mechanical and 

electrical systems. All that would be needed is for at least one crew member to operate the 

equipment to generate some amount of power. More people would translate to more power. 

Mr. Rubin‟s feedback regarding this idea was that if the system would prove to be 

reliable, it could be useful as a secondary power generation source. Though fitness areas would 

definitely exist on an extraterrestrial settlement with need of regular use, the main challenge of 

having them as a primary source of power would be consistency. Astronauts would consistently 

have to use the system to generate power; if no power input comes from the astronauts, no power 

is generated for applications. Due to the unknown effects on the astronauts‟ ability and 

willingness to put in this amount of regular effort when living for extended periods of time on an 

extraterrestrial planet, the system cannot be reliably depended on to provide a primary source for 

power. However, as a secondary source, the idea could be feasible. In cases of other primary 

power systems‟ failure (solar, wind, nuclear, etc.), the human power generation system would be 

able to provide backup power. This power could be used to power critical communication 

equipment or as a source of energy to put the primary power back online (cleaning solar panels 

after a dust storm, etc.). Hence, this concept could be useful in space as a method of secondary 

power generation. 
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In summary, the current situation in space exploration has a limited application range for 

human power generation as it would add more burden than alleviate. The cost and procedures to 

implement such a concept to the ISS with the low amount of power scarcity make the treadmill 

concept less feasible. Further, with the undesired burden that could possibly be imposed on 

spacewalking astronauts, the practicality of self-generating space suits through human power is 

reduced. However, human power could possibly be feasible for future applications such as 

extraterrestrial settlements where it could play a vital role in reliable, secondary means of 

generation useful for emergency situations. This is consistent with the ideas presented in [41] 

which discuss how it is important to implement human power generation in the design phase of 

engineering development in order to make the most of its benefits.  

 

Further Concept Development 

The initial prototype constructed for this study can be further developed to improve 

efficiency, usability and as a result, power output.  

The transmission system that couples the current flywheel and generator shaft could be 

optimized to fit a variety of belt speeds. As discussed earlier, the current system only exhibits a 

2.12m/s window over which generation is possible. A possible transmission system like 

Derailleur chains found on bicycles would allow the transmission ratio to vary, allowing for 

power generation at low and high treadmill belt speeds. Furthermore, different methods of 

mounting the treadmill belt onto the two axles could be investigated to minimize or eliminate 

belt slippage at high speeds.  
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Additionally, it would be worth investigating the cheapest method of development. This 

would be a critical factor for determining the return on investment for the device and as a result, 

the likelihood of adoption by consumers. The current prototype cost is equal or less than most 

treadmills in the market though this is likely to increase as additional features are implemented 

for improved efficiency. Following design methods for inexpensive manufacturing and bulk 

production capabilities will help reduce the overall cost of the system. 

Furthermore, additional design could extend the usability of the concept. An example 

would be to create a hybrid treadmill generator which can be switched between automatic and 

power-generating. Since the dynamo generator is in essence a motor, the overall circuit could be 

upgraded with a switch and a relay to produce such a hybrid treadmill system. One circuit 

configuration could be as described in this study, a generator that charges the battery. The other 

configuration could be one where the battery powers the motor, enabling the treadmill to be 

automatic – without the consumption of grid electricity. The resulting hybrid system could be 

used in charging and discharging cycles, allowing for exercise with different levels of resistance 

found in manual and automatic treadmills.   

Additional design could also incorporate the recent development of „curved‟ treadmills as 

discussed in [37]. These treadmills feature an experience which is closer to automatic treadmills 

by negating the need for the subject to hold onto a harness frequently. In fact, a patent 

application exists for generation of human power from such a treadmill [45] but there is no 

scientific literature on how much power is obtained through this design.  

Also, future development could investigate the effects of using multiple humans with 

treadmill generators to produce energy. Different coupling techniques allowing for different belt 
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speeds for different humans could be developed and tested. This knowledge would be especially 

useful in evaluating how the concept could be most efficiently implemented in for example a 

gym environment. 

 

Further Study 

In order to evaluate the concept of human power generation using a treadmill, further 

study is required to determine its feasibility.  

The current experiment could be modified to see the effects of varying electrical load on 

the generator. This would be useful as studies on other concepts have shown to develop more 

power by decreasing the load [13]. Also, a more precise way of measuring the belt speed such as 

graphical motion analysis or using multiple magnets along flywheel circumference would help 

determine a more accurate relationship between belt speed and power produced. Additionally, 

adding live indirect calorimetry to the testing procedure would allow the determination of the 

exact energy expended by the body through the test. This would produce efficiency results with 

lower uncertainty.  Further, including even higher belt speed levels could lead to a convergence 

in the efficiency relations, producing a specification for the maximum efficiency of the generator 

system. 

Moreover, the evaluation of the concept based on human factors and the psychological 

affinity would be important in evaluating usability. In this study, the underlying assumption has 

been that people would use and accept the manual treadmill based generator design as they do 

automatic treadmills. The perceived stress the body experiences during a workout on a generator 

should be compared with that on the current automatic treadmills or even manual treadmills. 
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This analysis could even include how this stress changes with time and experience in using the 

generator machine. If it is relatively too high, the concept would less likely prove to be feasible 

in at least the gym environment. 

Also, further design and analysis should be done to evaluate additional user benefits to 

the sustainability aspect of the product. As discussed earlier with the study present in [40], 

market reception of sustainable products can be much greater if the product comes with 

additional user benefits that are unique to it. In the case of the treadmill generator, things such as 

gym membership discounts, free upgrades to larger lockers, etc., if economical, can be used as 

incentives to use the sustainable product.  

These additional analyses would be helpful in evaluating the concept of treadmill based 

human power generation in greater detail. 
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Conclusion 

In conclusion, a treadmill based human power generator was developed using an 

electromagnetic dynamo generator coupled to a manual treadmill‟s flywheel. The final circuit 

delivering power to a heavy duty battery was found to be able to deliver 140W peak for a short 

period of time. Regression equations were obtained to relate the power generated to the belt 

speed, covering values ranging from an average 10.8±0.36W at 1.83±0.045m/s to 90.3±3.04W at 

2.38±0.054m/s. The variation of angle of inclination was not determined to have a significant 

impact on energy generation. These results were compared to energy expenditure values 

predicted by the American College of Sports Medicine (ACSM) metabolic relations at various 

speeds and angles of inclinations. The maximum average system efficiency obtained through this 

study for the system was 37.9±2.63 % by finding the ratio between the obtained and predicted 

power output, and assuming a 25% gait efficiency. 

Furthermore, analyses were done on the possible applications for the treadmill generation 

concept. In the gym environment, it was found that a human power treadmill generator could 

help reduce energy consumption significantly. In isolated areas such as rural countryside or 

developing countries, the treadmill generator can provide for a low-cost, quick to implement, 

simple to operate, and low maintenance solution. In any application, the treadmill can be used as 

an educational tool to give people a physical perspective on quantities in energy, helping realize 

the importance of energy conservation.  

In space, the treadmill generator is not as feasible as current establishments such as the 

International Space Station do not face a scarcity of energy and the process would entail high 

costs of implementation.  However, the need for exercise to inhibit bone and muscle atrophy in 
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low gravity makes the treadmill generator a possible concept for future extraterrestrial 

environments as a secondary source of power. 

In this day where the world is challenged to be more responsible in its sourcing of 

electrical power, the method of human power generation could be a solution that also helps 

mitigate the issue of obesity and overweight. If additional design and study of this concept 

proves it effective in energy use reduction, localized energy delivery and sustainability education, 

it could efficiently answer the two great challenges.  
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Appendix 

A. Prototype Specifications & Schematics 

1. Bill of Materials 

2. Battery specifications 

3. Generator Dynamo specifications 

4. Mounting fixture schematic 

5. Diode specifications 

6. Final Electrical Schematic drawings 
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B. Data Summary and Samples 

1. Summary sheet 

2. Sample single run analysis (10.7Hz, 6.5deg, Run 3) 

3. Sample single run raw data (first 2 pages) (10.7Hz, 6.5deg, Run 3) 

4. Sample single run raw data cumulative graph (from LabVIEW) (10.7Hz, 6.5deg, Run 3) 

5. GUM Workbench output 
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C. Email thread with David Rubin of NASA 

 



Harsh Mankodi <mank0061@umn.edu>

Interested in Applying Concept of Human Power in Space
8 messages

Harsh Mankodi <mank0061@umn.edu> Thu, May 24, 2012 at 1:29 PM

To: Felicity Pino <fapino@umn.edu>

Hello,

My name is Harsh Mankodi, a graduate student in Mechanical Engineering from the Univ. of Minnesota. I used to be

under guidance of Felicity Pino for my undergraduate senior design project where she briefly mentioned her role at

the Johnson Space Center. I was wondering if I could get some basic knowledge on the applicability of one of the

other projects I am working on. I would really appreciate your help and thank you in advance for considering my

request.

I am working on a thesis study on Human Power Generation, particularly, in the use of treadmills to generate

electrical power. In my study, I have found that a prototype device can generate in the range of 50-150W depending

on the angle of inclination and speed of the treadmill belt. This is primarily going to be a proof-of-concept study and

as such I am scoping out possible applications of the idea.

I was interested in learning if NASA has ever considered such a concept for astronauts at the International Space

Station. I have seen videos and images where astronauts use a treadmill to do physical exercise which gives me the

sense that treadmills exist in space already. However, without a power generation system in place, the energy

produced would be lost to friction and heat which in turn has to be cooled by consuming more energy.

Such a process is of course not the most efficient and thus I was wondering if capturing the generated energy was

ever considered. It would help with maintaining the muscle mass of the astronauts while providing an additional

source for energy that could be used for small scale power such as personal electronics or directed to the

cumulative ISS power supply. If such an idea has been considered, I would really appreciate if you could direct me to

any literature that discusses the findings.

If you would like more information or clarifications regarding anything, please let me know. Again, I really appreciate

your time in considering my request and hope to hear from you soon.

Sincerely,

 

Harsh Mankodi

Bachelor of Mechanical Engineering '12, College of Science and Engineering (Univ. of Minnesota)

Advisor, Minnesota International Student Association (MISA)

Phone: 763 706 7061 | Email: mank0061@umn.edu | flavors.me/harshm

Felicity Pino <felicitypino@gmail.com> Thu, May 24, 2012 at 2:00 PM

To: kenneth.l.rafanan@nasa.gov, david.a.rubin@nasa.gov

Cc: mank0061@umn.edu

Hey Kenny and Rubin,

I worked with a bright ME senior here at the University of Minnesota last semester -- he's been developing a nifty

device that stores energy created by treadmill use.  He's wondering if there are any Station applications for a

concept like this -- I was never a T2 or BME expert, so I figured I'd pass along to you two!

See his note below....

Any thoughts?  Know anyone who might be interested in discussing with him?

Thanks guys, Felicity
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[Quoted text hidden]

--

 

Felicity Pino, MSFelicity Pino, MSFelicity Pino, MSFelicity Pino, MS
Senior Innovation Fellow

Medical Devices Center

University of Minnesota – Twin Cities

 

~~Confidential Communication~~

This message originates from the Medical Devices Center at the

University of Minnesota.  It contains information that may be

confidential or privileged and is intended only for the individual or

entity named above.  No one else may disclose, copy, distribute or use

the contents of this message.  Unauthorized use, dissemination, and

duplication are strictly prohibited and may be unlawful.  All personal

messages express views solely of the sender which are not attributed

to the University, and may not be copied or distributed without this

disclaimer.  If you have received this message in error, please notify

us immediately at (612) 625-3576. 

Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.] <david.a.rubin@nasa.gov>
Fri, May 25, 2012 at 3:58

PM

To: Felicity Pino <felicitypino@gmail.com>, "Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]"

<kenneth.l.rafanan@nasa.gov>

Cc: "mank0061@umn.edu" <mank0061@umn.edu>

Good to hear from you Felicity. Thanks for passing on Harsh’s email. It’s an interes�ng concept and I’d like to

respond with a few points to consider. Foremost, I don’t know if treadmill power genera�on was ever a concept

that was inves�gated though, based upon how things generally work on ISS, I would think not. Everything is

generally built with a specific purpose and a treadmill that can also generate power seems like an unnecessary

feature.

 

We do have treadmills in space. Two, actually. However, the vast majority of treadmill exercise is powered. That

is, there is a motor se'ng the speed of the treadmill belt. This is opposed to passive exercise in which the

crewmember manually turns the belt through running which does occur but not very o(en. Obviously, power

capture is only feasible in the passive mode. It’s also worth no�ng, since Harsh men�ons it, that the angle of a

treadmill in space is irrelevant since the crewmember will always run normal to the belt surface and the whole

lack of gravity thing.

 

Even if power genera�on from the treadmill was possible, the amount generated would be negligible compared

to what’s available via the main power system. Given the amount of engineering required to make power

collec�on from the treadmill possible it’s just not a prac�cal endeavor. Throw in all the safety concerns (and

there are many) and I just don’t see this being something that would have been considered. This may be useful

in a terrestrial environment but with the amount of overhead that comes along with designing hardware for a

space environment, the simpler the design the be-er. In this case, I suspect that the cost of designing a system

overshadows the benefits received from it.
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I don’t personally know any of our treadmill engineers but if you’d like to pursue this ques�on more I may be

able to track someone down. Take all that I said with a grain of salt…you have an interes�ng idea and what I’ve

wri-en is simply my assump�on of how things were decided. If there’s anything else I can answer I’d be happy

to.

 

‐Dave

 

 

 

From: Felicity Pino [mailto:felicitypino@gmail.com]

Sent: Thursday, May 24, 2012 2:00 PM

To: Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]; Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. &

ENG.]

Cc: mank0061@umn.edu

Subject: Fwd: Interested in Applying Concept of Human Power in Space

[Quoted text hidden]

Harsh Mankodi <mank0061@umn.edu> Tue, May 29, 2012 at 11:05 AM

To: "Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.]" <david.a.rubin@nasa.gov>

Cc: Felicity Pino <felicitypino@gmail.com>, "Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]"

<kenneth.l.rafanan@nasa.gov>

Hello Dave,

Thanks for your prompt response. I considered your viewpoints and it does make sense how the concept would not

have as much of a return on the investment. For the relatively small amount of power, a lot of time and resources

would have to be put in to deem the equipment safe and necessary. The system in my prototype is indeed passive,

that is, it is based off of a manual treadmill. Given the case, it would require additional hardware to have the existing

treadmill be possibly reconfigurable. Again, time and resources that could be possibly allocated elsewhere.

Either way, this was great feedback, it will definitely provide for additional discussion in my paper. If I have additional

questions later, do you mind if I contacted you? I really appreciate the time you took to reply and wish you luck with

your projects!

Best,

Harsh Mankodi

[Quoted text hidden]

--

[Quoted text hidden]

Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.] <david.a.rubin@nasa.gov>
Tue, May 29, 2012 at 12:35

PM

To: Harsh Mankodi <mank0061@umn.edu>

Cc: Felicity Pino <felicitypino@gmail.com>, "Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]"

<kenneth.l.rafanan@nasa.gov>
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Harsh,

 

I’m glad I could help. When I first started working for NASA I had a lot of the same ques�ons as you. There are

many things NASA does that isn’t en�rely intui�ve and a(er a while I realized there is a method to the

madness…most of the �me.

 

You are welcome to contact me if you want to discuss anything else.

 

‐Dave

 

From: Harsh Mankodi [mailto:mank0061@umn.edu]

Sent: Tuesday, May 29, 2012 11:06 AM

To: Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.]

Cc: Felicity Pino; Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]

Subject: Re: Interested in Applying Concept of Human Power in Space

[Quoted text hidden]

Harsh Mankodi <mank0061@umn.edu> Mon, Jun 11, 2012 at 12:28 PM

To: "Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.]" <david.a.rubin@nasa.gov>

Cc: Felicity Pino <felicitypino@gmail.com>, "Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]"

<kenneth.l.rafanan@nasa.gov>

Hello Dave,

Thank you for letting me reach you again.

I wanted to follow up with a couple further ideas/concepts I have had. What I have found is that the three main

benefits of energy generation via human power (not exclusively treadmill based) are as follows:

ability to provide localized energy generation, useful for personal, implantable or wearable electronics

its utility when in isolated areas (eg. remote regions, developing countries, rural areas)

when the process is done socially (with two or more people generating power), two main benefits are

produced:

more power is generated as more people are 'working'

psychologically, feeling of self-empowerment is produced and that of deliberate effort is alleviated

The first question is, are the space suits powered via a battery at all? If so, what would be a ballpark power

consumption rate? The idea is, if adequate energy generation is achieved, the space suits could be completely self

powered, reducing risk of being completely cutoff in communications (though I am sure there are precautions in place

already).

Also, thinking way in the future (or not?), would such a concept be applicable on an extraterrestrial settlement? From

shows on the Science/Discovery channel, I have learned that the need for social interactions is essential in space.

What would your insight be in a scenario where people stationed at extraterrestrial settlements (not in orbit) using a

'fitness' area that generates energy? Again, the energy could go possibly towards powering their personal

electronics or provide a source of generation in the case of emergency (some sort of primary (nuclear/solar/other)

generation failures). Further, it would help improve the morale of the crew via psychological factors involved in
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empowerment through self-sustenance.

Considering your insight from the previous email, I understand that the cost to implement could be greater than the

return from energy generation. However, I would like to know what your opinion would be based on the added value

of social/psychological implications.

I apologize if these questions may seem to come from a naive perspective. However, I thank you again for your time

in helping me evaluate the usability of this energy generation concept.

Best regards,

Harsh

[Quoted text hidden]

Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.] <david.a.rubin@nasa.gov>
Mon, Jun 11, 2012 at 9:16

PM

To: Harsh Mankodi <mank0061@umn.edu>

Cc: Felicity Pino <felicitypino@gmail.com>, "Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]"

<kenneth.l.rafanan@nasa.gov>

Harsh,

 

Thanks for the ques�ons. I can’t promise you and answers but I’m more than happy to provide you with my

opinions.

 

While in the airlock the spacesuits (“EMU”s, as we call them) are connected via umbilical to a power/data

/cooling interface in the airlock. Once they disconnect from this umbilical to go outside the suit is completely

powered by ba-ery. In fact, one of the limi�ng factors that determine how long the spacewalks can be is ba-ery

life. I don’t know what the power consump�on of the suit is, however. There are a number of reason why

self‐generated power in an EMU would be very difficult. The EMUs are designed to be as comfortable as

possible for the astronauts. Introducing some type of power genera�ng system would only increase the amount

of work the astronauts have to do while doing a spacewalk. A “self‐powered” suit, if it’s ge'ng its energy as you

propose, is being powered by the astronaut inside of it. Spacewalks are exhaus�ng enough as it is; requiring the

astronauts to work that much harder to power their suits would limit the dura�on of the spacewalk due to

fa�gue which would then require less power and, thus, make this endeavor not worth the effort. Now, there

may be some merit in making an EMU “self‐powered” through the use of solar panels embedded in the suit

material or some other power genera�ng system that receives it’s input not from the astronaut but from

another source, like the sun. Then there are the engineering reasons. The suits are designed with very li-le

margin. It’s a fine balance between the bulkiness of the suit which helps protects against puncture, pressure,

and temperature, the safety of the suit, and the mobility of the suit. Adding more bells and whistles would only

make the suit more cumbersome for the astronaut to use. At least, that’s how it currently is. Perhaps there are

some be-er technologies out there that make this more prac�cal.

 

One of the major hindrances to using human‐generated power is its lack of consistency. If no one is exercising

then no power is being generated. What if the exercise hardware breaks? Then not only are you down on

exercise you’ve just exposed your crew to the possibility of losing power. Now, if we’re just talking human‐

generated power as a secondary source, then there may be some benefit to it but that goes back to my earlier

points of whether the cost of implemen�ng it is worth the amount of power generated. That being said, a
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fitness area would most certainly be included in any extraterrestrial se-lement (assuming a less than 1‐g

environment) to prevent the loss of bone and muscle mass seen in microgravity environments. You’re correct in

that exercise is cri�cal for the morale of the crew and that’s something we take very seriously in our current ISS

program. In fact, we have an en�re group responsible for the emo�onal well being of the crewmembers and we

take many steps to ensure the crew is happy. An unhappy crew is, at best, not very produc�ve and, at worse, a

danger to themselves and the vehicle. Our astronauts are subjected to very stressful environments and their

happiness is cri�cal to mission success.

 

Given our current situa�on, the concept of human‐generated power wouldn’t have any impact on crew moral

since they have no lack of power onboard the ISS. I would also think that requiring the crew to exercise in order

to power their iPods would only put more stress on the crew. The last thing we want to do is make them worry

about trivial things such as whether they’ll be able to listen to music while listening. In order to reduce stress we

want to take as much off the crew as possible. One of the driving philosophies of the ISS program is that if

something can be done remotely by Mission Control instead of making the crew do it, then Mission Control will

do it. We get to go home at night and relax on our couches. The astronauts onboard the ISS don’t so although it

may require more work for us on the ground, we’ll do it. Whether or not that would be possible in an

extraterrestrial environment is yet to be seen, but we s�ll would take the philosophy of reducing the workload

on our crewmembers as much as possible. Self‐empowerment is certainly a good thing, but there are more

produc�ve ways to foster that sen�ment.

 

Keep the ques�ons coming!

 

‐Dave

 

 

 

 

 

 

 

From: Harsh Mankodi [mailto:mank0061@umn.edu]

Sent: Monday, June 11, 2012 12:29 PM

[Quoted text hidden]

[Quoted text hidden]

Harsh Mankodi <mank0061@umn.edu> Tue, Jun 12, 2012 at 10:45 PM

To: "Rubin, David A. (JSC-SD)[WYLE INTEG. SCI. & ENG.]" <david.a.rubin@nasa.gov>

Cc: Felicity Pino <felicitypino@gmail.com>, "Rafanan, Kenneth L. (JSC-SD)[WYLE INTEG. SCI. & ENG.]"

<kenneth.l.rafanan@nasa.gov>
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Dave,

This is great, I'm learning a lot of things. I understand and agree with many of your points about how human power

can add more stress than relieve if implemented in our current systems. I was just thinking from a perspective where,

say, there are too many people in space to keep track of to such detail. Or that we have achieved not one but many

extraterrestrial settlements and each is in charge of powering themselves. In such a case, space-borne persons may

have to depend on themselves to a greater extent. Such situations could occur if say, commercial space flight

becomes prevalent.

Of course, human power does not generate a lot of energy (about 100W/person, sustainably), but it can act as a

backup to provide whatever little it can in case, say, your solar panels have been covered in a dust storm. Maybe it

can power a system that cleans the panels. Also, with a drive towards efficiency in electronics, more and more

applications are able to fit within this energy window. Plus, most human-power generators are very simple in nature

(think exercise bike hooked up to a dynamo or axial-flux-magnet powered flashlights), making them fairly reliable. If

they do break, simple parts could be replaced relatively inexpensively.

In fact, my treadmill prototype only has a motor/dynamo generator, two diodes and a battery. A simple switch/relay

in the circuit can actually make the treadmill be powered by the battery, making it an automatic treadmill. Hence,

there are ways of making the concept be sort of a bonus feature if not a primary application.

I definitely understand the perspective you have in making the idea a reality, I'm just bouncing some additional

thoughts I had from the notion that human power is something each of us has the ability to produce at will and fairly

simply. Though of course, you have a better idea of what's practical in space so it's good to hear your insight.

Thanks again for sharing your thoughts!

Best,

Harsh

[Quoted text hidden]

University of Minnesota Mail - Interested in Applying Concept of Human... https://mail.google.com/mail/u/2/?ui=2&ik=6532e499c6&view=pt&sear...

7 of 7 6/21/2012 8:07 AM


