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                                                          ABSTRACT 
                  The Second Law of Thermodynamics prevents more than a few per cent of 
our food intake from gh4enerating useful energy ,the rest going to waste. How large that 
percentage is, and how it is divided between the useful energy we need to live, and the 
heat we need to keep warm, can be dramatically altered by relatively minor adjustments 
in the temperature difference between our bodies and their surroundings. A simple 
balancing equation which describes the useful power in terms of that temperature -
difference is derived and applied to a number of situations both historic and 
contemporary .The dramatic evolutionary advantages of human nakedness in the first 
place, and of warm clothing in the second, become starkly apparent. Conversely the 
modern development of central heating and the shirt-sleeve working environment may be 
dramatically lowering our useful power outputs and even driving the modern scourge of 
obesity. More attention should be focussed on the strangely neglected but fateful subject 
of Human Thermodynamics. 
 
 
 
1 INTRODUCTION 
     What is the ideal climate in which to live? Why did Man move out of Africa into 
colder, even polar climes; was he driven or was he drawn? At what temperature should 
we set the thermostat at home? Or at work? Since our calorie input goes far more into 
generating heat than producing work should we not be looking at central heating rather 
than overeating, or lack of exercise, as the prime suspect in the outbreak of obesity 
afflicting the modern world? 
          Such questions in Human Thermodynamics are certainly worth asking – but they 
are not being asked. For instance if one sets “Human Thermodynamics” into the Google 
search engine [July 04] one gets only 9 responses, all but one entirely irrelevant to the 
questions above. This all the more surprising because the human animal has opted for an 
apparently paradoxical and almost unique thermodynamic strategy – warm blooded 
nakedness. It sets us apart from other creatures at least as much as tool-making, the 
upright gait or brain size, yet anthropologists, with very few exceptions, rarely give it the 
same emphasis when discussing human evolution. And when they do so they are more 
inclined to dwell on our unrivalled capacity to sweat in the heat than our even more 
remarkable ability to thrive in the cold. Indeed the cold of the Ice Ages is generally 
perceived as a threat to us whereas , as we shall argue, it was more likely to have been the 
crucial blessing which enabled homo sapiens, equipped with furs and fire, to emerge 
triumphant and alone from amongst his anthropoid  rivals. Thanks to the Second Law of 
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Thermodynamics machines work more efficiently in colder surroundings. A modest drop 
in environmental temperature can lead to a doubling, even a quadrupling in useful  power 
output, and such dramatic gains may have played, and may still be playing, a driving role 
in history. 
         The questions we started from are surely worth asking. Just because the answers 
may be controversial doesn’t mean we can afford to avoid them. For instance, if we 
turned down the thermostats, think of the environmental consequence alone. This article 
is written by a professional scientist, but a shamelessly amateur anthropologist, in order 
to provoke debate. Our thesis is that man thrives best in the cold and therefore needs to 
change his habits to stay cool. 
 
2 THE THERMODYNAMIC BACKGROUND 
          For those with a non-physics background, or a rusty recall of Thermodynamics, we 
sketch in the principles we need before deriving the simple energy-balance equation we 
are going to use as the mainstay of the argument. The discussion is deliberately simplistic 
at this point, ignoring for instance latent-heat, basal metabolism, excretion and chemical 
entropy, returning to those matters, where necessary, later on. 
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Fig 1    The human body as a thermodynamic engine .   
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          The human body can be thought of as a machine ( Fig 1) which ingests an amount 
of food energy QF (in kilo-calories say) , which burns it at body temperature TB , and so 
produces an amount of energy E ( in Joules ) as well as an amount of waste heat QW  
which is voided into the surroundings, which are at temperature TS. All temperatures are 
measured on the Absolute or Kelvin scale , that is to say in degrees Celsius but with a 
zero-point close to  minus 273 deg C. Thus freezing point at 0 deg C is roughly 273 deg 
Kelvin and body temperature (~ 37 deg C) is roughly 273 + 37= 310 Kelvin, or 310 deg 
K for short. 
          The First Law of Thermodynamics, the result of experiment, simply states that 
energy can neither be created nor destroyed , but only converted from one form into 
others. In our context this implies that 
 
                                       E= QF - QW 
 
if the E and the Qs are put in suitable units. In this field it is conventional to put heats in 
kilocalories [abbreviated to kcal] and energies in  Kilojoules  [kJ] where the conversion 
between the two units is  1 kcal.= 4.2 kJ. 
          The Second Law of Thermodynamics  [henceforth ‘SLOT’]  says that , left to 
themselves , systems always move towards a more disordered state. For instance heat 
moves spontaneously from hot parts to cool, not vice versa. A convenient way to state 
this experimental observation algebraically is to introduce the notion of “Entropy” which 
= Q/T in our context. Thus if an amount of heat Q moves from a higher temperature TH to 
a lower TL ,then Q / TL is obviously more than Q / TH so that “Entropy always increases 
in an isolated system” is an alternative statement of the SLOT. Entropy, in its widest 
context, is a measure of  disorder, and as the energy E in Fig 1 is highly ordered it has 
zero Entropy , so that to obey the SLOT it follows that 

                            

� 

QW

TS
≥ QF

TB
                         where 

� 

≥ means  “more than or equal to”  

 
If we combine the last two equations we are led to the well known relation 
 

                         

� 

E ≤QF × 1−
TS
TB

⎛ 

⎝ 
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⎞ 

⎠ 
⎟      where 

� 

≤ means ‘less than or equal to’          (1)                                            

 
Equation (1) tells us that only a fraction ( 1- TS/TB) of the ingested food energy QF can be 
turned into useable energy, with the rest voided as waste heat . If not, Entropy would 
decrease. For a human body at 37 deg C (=310 deg K) in pleasantly warm surroundings 
(TS = 21 deg C= 294 deg K) this fraction, according to eqn. (1) is slightly less than 5per 
cent . In colder surroundings (5 deg C) it goes above 10 %, and we can see the literally 
vital advantage of working in a colder environment. For much the same reason  
aeroplanes fly  high where  cold temperatures enable their engines to work at above 50% 
thermal efficiency, instead of 33% at ground level.  Equation (1) dominates much of 
Engineering. The cooling towers at power stations exist to get rid of the unavoidable 
waste heat contingent on Energy generation. Machines, including biological machines, 
are much more efficient when their working temperature TB is significantly higher than 
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their surroundings TS because their thermal energy, as compared with their environment , 
is more ordered. Conversely, in very hot surroundings, where TB approaches TS , there is 
too little a differential in thermal disorder to generate any significant useable energy, and 
the system closes down. 
          Equation (1) is not the whole story because disorder can be created in other than a 
thermal form, as chemical entropy for instance, when ordered molecules break down into 
smaller disordered ones [ For instance breaking down sugars to provide water and CO2 
releases an entropy of 0.1 J/kg./deg K, as opposed to the 50 J/kg./deg K released as heat]. 
          Generally speaking it is much more efficient to live and work in a cooler 
environment .But there is a price to pay. 
 
3  KEEPING WARM 
          Of course if it is too cold around us much of the generated energy E will be wasted 
in simply keeping warm, and the useful surplus energy EU we need to move, work and 
think will only be 
                                  

� 

EU = E − EW                                                                           (2) 
 
where EW is the incremental energy , above and beyond our waste heat , needed to stay 
warm. 
           Both experiment and theory [Newton’s Law of Cooling] suggest that to a good 
approximation the heat loss will be proportional to the linear temperature difference 
between a body and its surroundings ie to (TB-TS) so that, in a given time 
 
                                   EW =k (TB-TS)                                                                       (3) 
 
where k is an unknown constant of proportionality. Instead of k it is more useful to 
introduce TM the “Moribund Temperature’ ,i.e. the temperature of the surroundings when  
a human is using his entire energy E to keep warm enough simply to stay alive, leaving 
nothing for useful activity (EU = 0). Then eqn. (3) becomes 
 
                                     E= k (TB  - TM )              or   k=E /(TB  - TM ) so that 
 

                                   

� 

EW =
E TB −TS( )
TB −TM

                                                                   (4) 

 
and if we use this , together with equations (3) and (1) we have the decisive Heat Balance 
Equation for warm blooded animals: 
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EU

QF

≤ 1− TS
TB
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TB −TS
TB −TM

⎡ 
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which is to be understood in terms of long-term averages . It computes the proportion of 
useful energy we can generate per unit of ingested food. The first factor on the right hand 
side (1-…) is the thermodynamic efficiency permitted by the SLOT, the second [ 1-..    ] 
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is the fraction left over after body-heating is accounted for. If one regards TB and TM as 
fixed by human physiology then (5) describes how active, in the long term, the naked 
human body can be, in surroundings at different temperatures TS To get a feel for (5) Fig 
2 is a graph of the long term useful power PU (i.e. EU /sec in Watts where 1 Watt = 1 
Joule/ sec.) that a human ingesting 2000 kcals a day could generate , averaged over a 24-
hour cycle ,where it has been assumed that TM ~ 5 deg C,  roughly the temperature at 
which the Fuegians and the Tasmanians could survive almost naked. 
 
Note(a): The curve is an inverted parabola peaking at a temperature exactly midway 
between TB and TM .To  the left of the peak one loses more energy to keeping warm, to 
the right one loses thermodynamic efficiency as TS approaches TB (eqn 1). (b) To a 
domesticated modern, used to even light bulbs of 100 watts, the useful wattage in Fig 1 is 
surprisingly, even shockingly low. Even at its peak only a fraction ( TB - TM)/4TB  ~ 2.5 
per cent of one’s food generates the useful power needed to work , think and move. Of 
the average 100 watts generated ( ie 2000 kcals burned steadily over a 24 hour cycle)  
about 98 per cent is either waste heat, or extra heat required for warmth. (Recall however 
that these figures apply only to a naked or early man). To put such wattages into 
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Fig 2    Long term useful Power output as a function of the Surrounding 
          Temperature. There is a maximum because, to the left too much of the 
          Energy E is being used up in keeping warm, to the right the thermo 
          -dynamic efficiency falls  to zero as the Surrounding Temperature 
          rises toward Body Temperature. The subject is burning a typical diet 
          of 2000 kcals a day 
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perspective note that a strenuous physical activity, such as an 80 kg man climbing a 100 
meter high hill in 500 secs would need  Mgh/t ~ 

� 

80kg ×10 ×100m /500 ~ 160 watts or a 
fifth of a Horse-Power ( 1HP = 746 Watts). If we guessed that normal activity is at a level 
of 5 per cent of this then we would still need an averaged output of 8 watts, significantly 
more than seems available from Fig 2 as it stands. Even the brain requires about 10 watts 
to function. Our naked ancestors must have spent a high proportion of their time huddled 
together for warmth in economically dreamless, thoughtless sleep. (Perhaps the main 
reason for sleeping is that it conserves energy for when it is needed most ?) (c) Even in 
the most favourable conditions, at the peak of the curve , half of their potentially useful 
energy was going into keeping warm. 
 
 
 
4 THE DRAMATIC BENEFITS OF CLOTHING 
          The obvious benefit of clothing is that it releases much of the power needed to 
keep warm for other more useful activities. This could double such activity on its own. 
The less obvious , but even larger potential benefit , is that it would allow mankind to 
thrive in cooler, and hence thermodynamically more advantageous environments . Taken 
together these benefits can, as we next demonstrate, easily quadruple the amount of 
useful human power.  
          The effects of clothing can easily be handled using our same equation (5) simply 
by adjusting the Moribund Temperature TM downwards when warmer clothes are worn. 
Thus a fur-clad Inuit might still thrive at -30 deg C because his superb furs would keep 
him from becoming moribund until TS reached -50 deg C . Table 1 works out the 
thermodynamic consequences of clothing as human beings moved polewards from the 
tropics. With a given set of clothing the behaviour of PU would still be parabolic as in Fig 
2, but peaking at a new value of (TB  + TM )/ 2.  Surprisingly however the useful power 
increased continuously as groups moved poleward  provided their clothing could be 
improved accordingly  .The extremely high-tech fur garments fabricated by Inuit women 
(which weighed about a third of their modern synthetic polar equivalents) allowed their 
people to thrive in temperatures where their thermodynamic efficiency was so high that it 
more than compensated for the extra energy needed to keep warm. For a given diet polar 
man probably enjoyed a useful power output 2 to 3 times his Mediterranean equivalent, 
and 5 times that of his tropical forbear. And with more useful energy he was presumably 
able to hunt, and she to gather, even more food. Thus a virtuous, non-linear process was 
in train. The advantages of keeping warm are obvious but Thermodynamics is needed to 
demonstrate the even more dramatic benefits of a bracing climate. Fire, especially on 
cold nights , would have had the same energising effect. For well equipped modern 
humans the Ice Ages may have come as a competitive and cultural blessing. 
Unfortunately the palaeo-history of clothing is poorly determined, for clothes rarely 
survive in the ancient record. However, judging from the patterns of what appear to be 
buttons in Neanderthal graves, it goes back at least 30,000 years. Recent work on the 
mitochondrial DNA of human body-lice suggests that they differentiated from head-lice 
70,000 years ago, leading to the inference that clothing is of at least the same antiquity. 
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                                      TABLE 1 CLIMATE AND VIGOUR 
          Useful Power PU and  Heating Power PW produced by Men in different 
          Climatic Environments TS when their Moribund Temperatures TM are  
          varied by wearing different amounts of clothing. 
 
 
 
 
 
 
. 
 

 
 
 
 
 
 
 

Table 1: Caption.The estimated useful power PU of humans in 
surroundings of different temperatures TS, supposing them all to have 
a standard diet of 2000 kcals /day. Column (2) shows an estimate of 
the Moribund Temperature TM their clothing would permit. As they 
move poleward we assume their clothing would improve to yield the 
Moribund Temperatures shown. Column (3) is the thermal efficiency 
computed from the curved bracket in equation (5), column (4) the 
useful fraction left over after body heating, computed from the square 
bracket term in the same equation. PW is the power needed, over and 
beyond waste heat, required to keep warm. 

 
5 WORKING AND LIVING ENVIRONMENTS TODAY 
 
         It is normal these days for employees to expect, and employers to provide, a 
shirtsleeve working environment. But does this make thermodynamic sense? 
          Return to eqn (5) and ask what TS will maximise the left hand side. First rearrange: 
 

                                             

� 

EU

QF

≤ 1
TB TB −TM( )

TB −TS( ) TS −TM( )[ ] 

 

then differentiate:         

� 

1
QF

∂EU

∂TS
≤ 1
TB TB −TM( )

TB − 2TS −TM[ ]  

 
and at the maximum in 

� 

EU /QF  this last will equal zero. Thus the maximum 

� 

EU /QF  ie the 
useful power output per kcal input, occurs when the last bracket vanishes i.e. 
 

(1) (2) (3) (4) (5) (6) 
TS TM (Thermal Efficiency) [Useful fraction] PW PU 
deg C deg C First factor  in eqn (5) Second factor Watts Watts 
35 10 .0032 .96 .01 0.3 
30 10 .019 .77 .43 1.5 
25 5  .036 .65 1.1 2.4 
20 5 .052 .49 2.5 2.4 
15 -5 .068 .49 3.4 3.2 
15 -15 .068 .59 2.7 3.9 
10 -20 .084 .54 3.7 4.4 
5 -25 .10 .49 5.0 4.8 
0 -30 .12 .45 6.3 5.1 
-10 -50 .15 .46 7.9 6.7 
-25 -50 .20 .36 12.4 7.0 
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� 

TS = TB + TM
2

                                                                    (6) 

when the thermodynamic efficiency 

� 

fU ≡ EU /QF = TB −TM
4TB

                                      (7) 

 
both results being intuitively derivable from Fig (1). 
          Where the surrounding temperature can be controlled , as for instance by central 
heating or air-conditioning, the obvious strategy for maximising useful human output is 
to set TM as low as possible in (7) ( ie wear warm clothes) then set the thermostat 
according to (6). Table 2 shows some numerical examples. The boss who peruses this 
table might be tempted to get rid of the shirt-sleeve environment and hand out warm 
coats (and luncheon vouchers) to his employees instead. Dropping the thermostat from 21 
dec C to 10 deg C might double the employees’ output – or lead to a strike.  
          Likewise in homes.The family must strike a balance between vigour and comfort. 
Certainly they are likely to be more energetic there with the thermostat down. Perhaps 
that partly accounts for the lustrous energy of the Victorians. Maybe The Empire was 
forged in cold bedrooms after all. The advantages of warm clothing are starkly illustrated 
in the comparisons of useful outputs as between the rows  (d) and (e) in Table 2. 
 
                                                      TABLE 2 
                                 HOT AND COLD SURROUNDINGS 
 

 
 
6  DIET, EXERCISE, OBESITY AND TEMPERATURE REGULATION 
          
          The alarming outbreak of obesity spreading around the developed world is usually 
attributed to some combination of eating too much and exercising too little. It is worth 
noting however that it also coincides with the widespread introduction of central heating 
in cold countries , air conditioning in hot .One can ask, at least  in numerical terms, 
whether man-made temperature regulation could be implicated in this scourge. It is 
unwise to be dogmatic in an area where the difference between food energy ingested 

 (1) (2) (3) (4) (5) (6) 
 Environment Surrounding 

Temperature 
Moribund 
Temperature 

Thermodynamic 
Efficiency 

Heating 
Power 

Useful 
Power 

  deg C deg C  Watts Watts 
(a) Hot Room 25 5 .036 1.2 2.3 
(b) Warm Room 21 6 .05 2.4 2.4 
(c) Cool Room 15 -5 .068 3.4 3.2 
(d) Cold Room 10 -10 .084 4.6 3.6 
(e) Cold Room 

(furs) 
10 -30 .084 3.2 5.0 

(f) Very Cold 
Room 

5 -30 .10 4.6 5.2 

(g) Freezing 
Room 

0 -35 .12 5.8 5.6 
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during a year, and the energy excreted, can vastly exceed the amounts generally laid 
down annually as fat – so that unknown control mechanisms may be at work. However it 
is worth comparing dietary intakes , of order 2000 kcals a day, with the relative amounts 
required for exercise and for keeping warm. 
          On the face of it exercise would appear to be a futile way of losing weight. For 
instance walking an 80kg body up a 100 meter high hill uses only Mgh = 

� 

80 ×10 ×100 = 
80 kJs or about 20 kcals – a mere one percent of our daily intake. This however ignores 
the thermodynamic efficiency, or rather inefficiency, of the human body. If this is 
typically 4 per cent (Table 1) one should divide the above figure by .04 and arrive at 500 
kcals – roughly a quarter of our daily intake. As always the thermodynamic inefficiency 
inherent in the SLOT plays a key role. 
          But what about keeping warm? There are roughly 105 seconds in a day while, 
according to Table 2, the internal wattage required to stay warm can easily vary by 2 
Watts, depending on ones clothing and the room-temperature. 2 Watts over a day thus   
amounts to 200 kJs or roughly 50 kcals. But don’t forget the ubiquitous thermodynamic 
efficiency once again . As with exercise the above figure should be divided by the 
efficiency (~.04) to arrive at 1,250 kcals – more than half ones daily intake. 
           Likewise consider the danger of air conditioning in hot climates. Thermal 
efficiency may go up so much that, for a given output of work, far less food is needed to 
keep going. But people naturally keep on eating because they feel cooler. 
          The mere fact that, despite these notions, thermodynamics is scarcely spoken of 
amid all the controversy surrounding dieting , exercise and obesity suggests that human 
thermodynamics is indeed a largely neglected topic.  
 
 
 
7 CAVEATS AND CONCLUSIONS 
          Our arguments are more suggestive than conclusive. But experiments could and 
should be done. For instance how do various forms of human activity, including work, 
react to changes in environmental activity and clothing? Do subjects complete crossword 
puzzles faster when they are cold ? For less mental activities it might be possible to use 
artificially bred ( i.e. naked) pigs as experimental models. 
         Although some consequences of Human Thermodynamics might be profound, one 
cannot assume the arguments will all be straightforward. Useful power is to some extent 
a theoretical concept and one can never label this kcal with that consequence. Had Dylan 
Thomas drunk less whiskey would he have had either the energy or the inspiration to 
finish Under Milk Wood? Workers shivering in their offices might be more productive, 
and much slimmer, but would they be as contented ? Then there is health and longevity. 
Diet-limited rats live much longer – the suggestion being that any cell has a finite 
metabolic life. Cooling our lives could either prolong or curtail them in ways we need to 
think about carefully. And there are apparent paradoxes. For instance how can sitting 
warmly dressed in a cold room be both beneficial (increased efficiency) and deleterious 
(more heat loss) at one and the same time? Possibly it is a matter of perception. While 
humans do not appear to mind breathing cold air, they certainly shiver and complain 
when their trunks and limbs feel cold. Thus the cold air in contact with the lung surface 
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might enable the well dressed subject to void his waste heat without feeling 
uncomfortable. 
          The environmental consequences of turning down thermostats in homes and 
workplaces could also be significant and beneficial. In Britain for instance ? per cent of 
our total energy supply is presently used for domestic heating. 
          The only certain conclusion we wish to draw is that societies, individuals and 
historians ignore Human Thermodynamics at their peril. But to judge from the current 
silence, that is precisely what we are all doing, scientists as well as laymen. 
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   First I need more feedback from colleagues.This appears to be a new subject. 
 
 
 
 
 


