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Abstract 

 
We adapted the thermodynamics equation for energy generation in a diesel engine 

in modeling energy generation in human body by the human cells by doing a thorough 
study on both systems and saw that the process of energy generation is the same in them. 
We equally saw that the stages involved in energy generation are similar. The adapted 
equations were properly modified to explain our current study. The resulting models 
were then solved both for the steady and non-steady cases. 
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1.0 Introduction 
Food production by plants is by photosynthesis. This is the process whereby the green leaves of the plant in the 

presence of sun energy, 
2CO  (carbondioxide) and water will produce the foods needed by both the plant itself and other 

animals. This food production takes place in the confined sites in the green leaves called the chloroplast. It is in the 
chloroplasts that we find the chlorophyll and the rest of the complex apparatus that carries out the light-dependent reactions 
of photosynthesis, those in which the light energy is absorbed and then stored in the form of NADPH (Nicotinamide 
Adenine Dinucleotide Phosphate) and ATP, AdenosineTriphosphete, [6].  
 However, one important fact to note is that in the course of food production by the plant, light energy is used in the 
process which is then held as a stored energy in the food only to be released when this food is oxidized. This stored energy 
is in the form of ATP and was used in the manufacture of storable carbohydrates which can be converted back to ATP when 
the need arises. Also, the chloroplast passes an electron transport system for producing ATP which is taken from water. 
During photosynthesis, 

2CO  is reduced to carbohydrate by the energy obtained from the ATP [6, 12]. In general therefore, 

the reaction in photosynthesis that leads to carbohydrate production can be written in the form: 

2 2 6 12 6 2 26 12 6 6light energy CO H O C H O H O O+ + → + + . 

  It has also to be noted that this reaction is possible with the reducing power of NADPH which are usually synthesized in 
the membranes of the photosynthesis apparatus through electron transport system which resembles those found in 
respiration [6, 12]. Therefore we can say that photosynthesis consists of a light-dependent process in which ATP and 
NADPH are generated and a light-independent process in which these are used to reduce 

2CO  to produce carbohydrates. 

 In any living being, we find that it is made up of cells. It is these cells that utilize the available resources to generate 
the energy necessary for the maintenance of life of both the cells themselves and the organism in general. By energy here, 
we mean the necessary constituents of the body cells that enable the cells to continue living or being alive. In the absence of 
this energy, the cell will fail to function or die. 
 In a typical human cell, one of the major sources of energy is the sugar (glucose). This simple sugar (glucose) is the 
most important material catabolized by most cells [8]. This sugar is manufactured during photosynthesis by the plants and 
usually stored for usage during respiration. Many micro-organisms live on it and it is the main source of energy that animals 
carry in their blood to nourish their cells. 
 Once glucose gets into a cell, it will be oxidized primarily through the glycolytic or Embden-Mayerford pathway 
[13]. This glucose though full of energy, is not quite energetic enough to go through the initial reaction and so in the first 
few steps of the pathway, it has to be activated by the ATP. In general therefore, human cells generate energy through three 
steps: glycolysis, the Kreb’s cycle and finally the electron transport chain.   
Glycolysis must first take place to generate the initial ATP required for the other stages. In glycolysis, a total of four 
molecules of ATP are produced where two of them are used up by the process itself. The Kreb’s cycle stage helps in 
producing ten molecules of NADH (Nicocinamide Adenine Dinucleotide Hydrolysed) and two molecules of FADH2 (Flavin  
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Adenine Dinucleotide).  These two substances then drive the next stage which is the electron transport chain, the 
determinant of ATP production in the mitochondria, regarded as the power house of the human cell. It has to be stated clearly 
that ATP is the energy carrier and the amount of energy it carries is just the right amount for most biological reactions [8]. 
Because of the importance of ATP to life, it is regarded as the second most important macromolecule. ATP is the most 
widely distributed high energy compound within the human body [18]. Generally speaking, we can say that all fuel sources 
of nature, all foodstuffs of living things produce ATP which on its own powers virtually every activity of the cells and the 
entire organism.  

A look at how energy is transferred from the ATP to the cells will justify the need for proper understanding of how this 
takes place, the danger of interrupting any of the steps or even attempting to alter any of the chemicals needed in the process 
of ATP production and energy release. ATP reacts with substances in the cell and this removes one of the phosphate-oxygen 
groups and therefore reduces to ADP (Adenosine Diphosphate). In the process, energy is usually liberated. This ADP is 
immediately recycled in the mitochondria where it is recharged and it comes out of it again as ATP [20]. In a given human 
being, we have about one hundred trillion cells of which each cell contains about one billion ATP. The amount of this ATP 
produced by all these cells is just sufficient for the cell’s needs for only a few minutes and therefore must be recharged for 
further production. Therefore, we discover that for each ATP, the terminal phosphate is added and removed thrice in a minute 
[11]. In general, the total body content of ATP is only about 50 grams and this must be recycled constantly every day. 
Therefore, for one to continue the supply of energy, food must be eaten. ATP is simply the carrier and regulation-storage unit 
of energy. 
 
ATP  PRODUCTION IN THE CELL. 
 As said, we have three steps of energy (ATP) generation in the human cells. We shall now consider how and the 
quantity of ATP produced in each of these steps. 
a)  GLYCOLYSIS:            

This is a series of reactions which converts glucose to two identical C3 units (pyruvic acid or pyruvate) of lower free 
energy in a process that harnesses the released free energy to synthesize ATP from ADP and phosphates. In the first case, 
glucose has to enter the cell before any reaction will take place [6, 8, and 13]. The glycolytic pathway requires a pathway of 
chemically coupled phosphoryl-transfer reactions of which the chemical strategy is to: 
1) add phosphoryl groups to glucose; 
2) chemically convert phosphorylated intermediates into compounds with high  
phosphate group-transfer potentials; 
3). chemically couple the subsequent hydrolysis of reaction substances to ATP  
synthesis. 

In glycolysis, each molecule of glucose is oxidized to yield two molecules of pyruvic acid along side two ATPs and two 
NADH. In the absence of oxygen, anaerobic condition, homolactic fermentation of pyruvate occurs in the muscles while 
under aerobic condition (presence of oxygen), pyruvate is oxidized to acetyl coenzymes A and this reacts with oxoloacetate 
to begin the next stage of ATP production called the Kreb’s cycle. Further details of glycolysis can be found in any good and 
standard biology text. In chemical terms, the equation of reaction is: 

2cos 2 2 2 2 2 2 2 4iGlu e NAD ADP P NADH Pyruvate ATP H O H+ ++ + + → + + + +    

a)  The Kreb’s Cycle: 
This was discovered by a German British Biochemist Hans Kreb. He discovered that the pyruvic acid molecules are 

converted to carbondioxide (CO2) while two more ATP molecules are produced for each mole of glucose. Detailed reactions 
and treatments that led to this result can be found in [2, 4, 8, 15, and 21]. The Kreb’s cycle reactions take place at the 
mitochondrial matrix. In general, one glucose molecule causes two turns of Kreb’s cycle which results in the production of 
six NADH, two FADH2, two ATP and four CO2 molecules. It is these NADH and FADH2 produced in this Kreb’s cycle that 
drives the next stage of aerobic respiration which is the Electron Transport Chain. 
 
b)   Electron Transport Chain: 

This is where most of the energy transfer from glucose to ATP actually occurs. In this stage, many of the compounds that 
make up the electron transport chain belong to a special group of chemicals called the Cytochromes. Thus, in electron 
transport chain, we find a system of electron carriers embedded in the inner membrane of mitochondria in eukaryotes. It is 
made of several kinds of carriers that can be reduced and oxidized reversibly. Without O2, H

+ will be idle and cannot react 
with the cytochromes to form water. In the absence of oxygen, NADH cannot be oxidized to NAD+ and thus the Kreb’s cycle 
will stop, resulting to eventual non-production of ATP. Note that in this stage where bulk of the ATP is produced, there is a 
type of transport just like the transportation of fuel or diesel from the tank to the carburetor as found in the car using engine. 
In the electron transport chain stage which also takes place in the mitochondria, energy is harvested and stored as ATP as 
electron are passed from one molecule to the next in the chain. It was discovered that for each molecule of  

 
Journal of the Nigerian Association of Mathematical Physics Volume 19 (November, 2011), 99 – 106     



101 

 

Energy Generation in the Human Body by the…  Ejikeme, Mbah and Oyesanya    J of NAMP 

NADH that puts its two electrons into the reaction, approximately three molecules of ATP are produced while for each 
molecule of FADH2, about two molecules of ATP are also produced. Detailed study of the ATP production in the 
mitochondria can be found in [4, 9, 10, 14, and 16]. 
 In general therefore, most eukaryotic cells produce about 38 ATP molecules during aerobic respiration. Having seen 
this, let us now try to model the equations describing the change in the volume of ATP, the concentration of the 
glucose/sugar and the eventual energy release in the cell.  
 
The Model 
 A comparatively good description of what happens in the human system is the process of energy generation in a 
diesel engine which generates the energy that sustains the running of the engine. The diesel engine has a carburetor 
(equivalent to the mitochondria) where the diesel is ignited and burnt to release heat energy. We see here that just like the 
reaction in the Kreb’s cycle and mitochondria, oxygen is very important since we know that there would be no combustion 
in the absence of oxygen. The detailed functioning of a diesel engine have been discussed by several authors [4, 7, 19]. 
Comparing these two processes of energy generation in two different systems, we find that they are alike in many ways. The 
energy sources are similar- hydrocarbon. The initial source of energy to enable subsequent energy generation that sustains 
the systems was provided by the glycolytic pathway and the battery respectively. The burning of the sources of energy 
(glucose and fuel or diesel) is provided with chambers (mitochondria and carburetor) that are highly regulated. This is seen 
by comparing the inflow of glucose (in the form of acetyl CoA) into the mitochondria which is regulated by the electron 
transport chain and the fuel droplets into the carburetor which on its own is regulated by the metering processes. Based on 
these similarities in the two systems on their energy generation processes and requirements, we can liken the combustion in 
the carburetor to the ATP production in the mitochondria. We shall then adopt the models describing the non-homogeneous 
combustion reaction in the carburetor for our energy generation in the mitochondria with proper adjustments to take care of 
the nature of the systems involved in the reactions. 
 Thus, the combustion equations according to [1] are: 
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together with the initial and boundary conditions 

00
=,=,= ddffg RRCCTT  

1=1,=,=,= 0 ixatCCTT
iffg ±     where: 

T = temperature 
E = activation energy 
L = liquid evaporation energy 
C =reactant  
Rd = radius of drops 
Q = heat released per unit mass  

1σ  = 2

2
d

d
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σ  = Stefan – Boltzmann constant  
εd = emissivity of the droplets surface 
µ = molar mass 
 ρ = density 
α = volumetric phase constant 
n = number of drops per unit volume 
λ  = thermal conductivity 
A =Pre – exponential factor 
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R = universal gas constant 
   Subscripts:  g = gas mixture 
l = liquid 
f = combustible gas component of the mixture 
d = liquid drops. 

 Since not much heat is released ordinarily in the human system, we shall be interested particularly about equations 
(2) and (3). However, these equations have to be modified to truly reflect and or represent the system being studied. From 
biological studies, glycolysis occurs at physiologically constant temperature which is 370C. Thus, our term Tg- T0 can be 
simply represented by T. Also the activation energy can be taken as a constant since glycolysis is a spontaneous process and 
does not require any extra energy order than that present at the initial time. The process generates subsequent energy it 
needs to continue the process. Thus, the activation energy in this work will then be taken as the energy supplied by the 
glycolytic pathway which is the 2ATP and as such, E is constant per mole of glucose. Since the process occurs in the cell 
and considering the nature of the cell, evaporation does not occur so that the liquid evaporation energy is constant if at all it 
is required. The reactants in our study here are the sugar (glucose) and oxygen. The radius of drop can be similarly taken 
here to mean the volume of the glucose that enters into reaction which can be measured in mole. 
 In the human cell, we consider the thermal conductivity such that its value is zero, although we know that excess 
heat is removed from the body by perspiration or sweating. We shall equally drop the subscripts in the terms since sugar 
(glucose) does not appear in gaseous forms. Thus, the modified equations will be: 
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together with the initial and boundary conditions 
   V = Vo 

    C = C i  at x = ±i,  i= 1  

where V  is the volume of glucose that enters into the mitochondria in the oxidized form. 
T = temperature (constant) 
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σ = Stefan – Boltzmann constant 
ε = dissociative constant 
G = dissociation energy of the glucose molecule 
m = number of glucose molecule per unit volume 
α = volumetric phase constant 
E = activation energy in the form ATP (constant) 
M = molar mass of the hydrocarbon 
A = pre – exponential factor 
C = concentration of the reactant 
D = diffusion coefficient 
ρ = density 

 It is these two equations that describe the change in the volume of the reactants that enters the mitochondria in the 
oxidized forms over a period of time as well as the change in the concentration over a period of time. 
   
Solutions: 
 We shall solve the equation (4) first. Thus we have: 
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This implies that V0 > V and a valid result at t > 0. 
 For equation (5), we shall solve it for two different states to check the validity of each state. The states are: 

1.) The steady state. 
2.) The non-steady state. 

 
CASE 1: The steady state: 
 Here, we try to see if the concentration remains the same at all times but probably varies depending on the location 

of interest at the mitochondria. Thus, for a steady state, 0=
∂
∂

t

C   so that our equation (5) becomes: 
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where A and B are constants of integration. 
CASE II: The non-steady state: 
 In this, we shall solve equation (5) the way it is .Hence, using the above substitutions, equation (5) will become: 
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Theorem: Duhamel’s principle [17] 

     It states that if ℜ→+Qf :  is continuous and  ℜ→+Qu :  

is a solution of the following non – homogeneous initial/boundary value problem: 
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Solving (a) and (b), we have; 

 1=,=
ζλ eRReT t⇒ where 1ζ  is a constant. 

and  
x

e
x

exX
kk λζλζ 1

3
1

2=)(
−+∴  

Thus we have; 

 ).()(=)()()(=),,( 1
3

1
2 pPRe

x
e

x
epPtTxXptxH tkk λλζλζ −+∴  

Since ]1,0[0)0,(),0[ ∈=∞∈ xforxUandP , then we can regard Up= 0 to imply that  

U(x, t, p) = constant and as such, we can say that U varies only with respect to x and t.Thus, we have;   

βλζλζ λ tkk
Re

x
e

x
eptxH )(=),,( 1

3
1

2

−+⇒  

 

tkkt

ttkk

tkk
t

t

p
x

e
x

eRe

dpRe
x

e
x

e

dpRe
x

e
x

e

dpptxHtxC

0
1

3
1

2

0

1
3

1
2

1
3

1
2

0

0

|)(=

)(=

)(=

),,(=),(

λζλζβ

βλζλζ

βλζλζ

λ

λ

λ

−

−

−

+

+

+

∴

∫

∫

∫

 

this implies that 

)()(=),( 3
1

3
1

2 S
x

e
x

etRetxC
kkt λζλζβλ −+⇒    

 
Using the boundary conditions in the theorem, we can see that they can only be satisfied fully if λ  is a negative number. 
This further requires that the diffusion coefficient be negative. This again is valid since the H+ are transported against the 
normal diffusion principle, that is, from area of lower concentration to that of higher concentration 
 
Conclusion 
          We have successively demonstrated by modeling that the generation of energy in the human system can be correctly 
likened to the energy generation in a car although with appropriate moderation to suit human system.  From the equations, 
we can easily verify the effect of concentration of the food taken to the level of energy generation in the system. Similarly, 
the effect of the quantity of food taken in terms of the volume can also be verified. We successfully obtained solutions to 
these equations that demonstrated the variations in the volumes and concentrations of the food taken. In our further work, 
we shall graphically show the various inputs of these volumes and concentrations on the level of energy generated.      
 
References 

[1]   Ayeni, R.O, Okedoye, A.M., Popoola, A.O. and Ayodele, T.O (2005): Effect of Radiation on The critical frank – 
kamenetskii Parameter of Thermal Ignition in a combustible gas containing fuel Droplets J.NAMP Vol. 9: pp 217-220.  

[2]   Campbell, Neil A., Lawrence G. Mitchell and Jane B. Reece (1999): Biology. Concepts and Connections, 3rd edition 
Benjamin / Cummings Publ. Co.  Inc. Menlo Park C.A. 

[3]   Chance, B. and Williams, G.R. (1956): The Respiratory Chain and Oxidative Phosphorylation.  Adv.Enzymol. 17: 65 – 
134. 

[4]   Ejikeme, C. L. (2006): Energy generation in the human body by the human cells. MSc. Project submitted to the 
Department of mathematics, University of Nigeria, Nsukka   

[5]   Gordon Rogers and Yon Mayhew (1992): Engineering Thermodynamics. Work and Heat Transfer. 4th edition Longman 
Group UK Ltd.   

[6]   Guttman, S. Burton and Hopkins, W. Johns (1983): Understanding Biology. Harcourt Brace Jovanorich, Inc. New York. 

Journal of the Nigerian Association of Mathematical Physics Volume 19 (November, 2011), 99 – 106    



106 

 

Energy Generation in the Human Body by the…  Ejikeme, Mbah and Oyesanya    J of NAMP 

[7]   Hardenberg, H. O. (1999): The Middle Ages of the Internal Combustion Engine  Society of Automotive Engineer 
(SAE).Warrendale Pennsylvania USA.  

[8]   Howard, A. L., Maria, P. M. and Susana, S. (2010): Diffusion and reaction in the cell of glycocalyx and the extracellular  
matrix, J. Math Biology, 60, 1 

 [9]  Harris, D.A. and Das, A.M. (1991): Control of Mitochondrial ATP Synthesis in the Heart. Biochemistry Journal 280: 
561 – 573. 

[10]  Heineman, F.W. and Balaban, R.S. (1990): Control of Mitochondrial Respiration in the Heart in Vivo Annu. Rev.   
Physiol. 52: 523 – 542. 

[11]  Kornberg, Arthur (1989): For the Love of Enzymes. Harvard University Press Cambridge  M.A. 
[12]  Mader, Sylvia (1996): Biology 6th edition. William C. Brown Dubuque, I.A. McGraw-Hill Companies. 1221 Ave.of the 

Americas Newyork. 
[13]  Mbah, G.C.E. (1998): Mathematical Modelling and control of Blood glucose/ Insulin  Concentration in Insulin –   

Dependent Diabetic Subject. Phd. Thesis submitted  to the Department of Mathematics University of Nigeria, Nsukka.      
[14]  Mbah, G. C. E. (2009): Energy generation in a plant due to variable sunlight intensity. Journal of  Nigerian Association 

of Mathematical Physics, 14, 151 – 158                                     
[15] Mbah, G. C. E. and Ezeorah, J. N. (2009): Energy generation in a plant by cells of the leaf of the plant. (Accepted for 

publication in ICASTOR Journal) 
[16]  Murphy, M. P. (2001): How understanding the control of energy metabolism can  help investigation of mitochondrial 

dysfunction, regulation and pharmacology. Biochem. Biophys. Acta 1504: 1 – 11. 
[17] Renardy Micheal and Rogers c. Robert (1992): An Introduction to Partial Differential Equations. Springer-Verlag 

NewYork Berlin Heidelberg. 
[18]  Ritter, Peck (1996): Biochemistry, A foundation. S.457 Pacific Groove California. Thomson Brooks / Cole publishing 

company.    
[19]  Robert, K. Murray, Daryl K. Granner, Peter A. Mayes and Victor W. Rodwell (2000): Harper’s Biochemistry. McGraw 

– Hill Company New York USA. 
[20] Trefil, James (1992): 1001 Things Everyone Should know About Science. Doubleday New York. 
[21]  Verdier, C. Couzon, C. Duperray, A. and Singh, P. (2009): Modelling cell interactions under flow, J. Math. Biology, 58, 

235 – 259.             

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Journal of the Nigerian Association of Mathematical Physics Volume 19 (November, 2011), 99 – 106    
 


