Energy expenditure

Lech 2                                                                          Dr. Jaafar M. Moosa 

2.1 Basal Metabolic Rate

The body requires a regular intake of energy, from carbohydrates, fats and proteins, in order to perform its normal functions.
Metabolic rate: The rate at which the body uses energy.
Basal metabolic rate: The rate at which the body uses energy when it is completely at rest. (BMR). Kj h -1 m -2 .
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From the fig. above we can notes that:
1- Children have high values of BMR because of the energy required for growing.
2- Men have slightly higher values than women, because men have less body fat and therefore use more energy in maintaining body temperature.
Ex-If a man found to consuming energy at 82.1 W, and surface area of 1.92 m2. What is his BMR expressed in KJ h-1 m-2 ?

W = J / S →KJ/h→10-3 /1/3600 = 3.6 KJ/h
Power = 82.1 x 3.6 KJ h-1 =295.56 KJh-1
BMR = 295.56 / 1.92 = 153.93 KJ h-1 m-2 

2.2 Daily Energy Requirement 

We have to expend energy in order to maintain normal body temperature, both to keep warm when we are cold, and to keep cool when we are hot. 
The daily energy requirement of an individual depends on:
1- BMR 

2- The ambient temperature.
3- The amount of clothing worn.
4- The surface area of the body.
5- The amount of exercise undertaken.
*The daily energy requirement of an adult is usually in the range              (1 – 1.6) MJ. The rates at which the average person consumes          energy whilst performing various activities are shown in table.

	
Activity
	Typical rate of consumption of energy / w

	Resting

Walking slowly

Walking quickly

Swimming 

Playing football

Sprinting
	80

200

350

450

600

1000


* The rate at which the body produces energy depends largely on tissue volume, whereas the rate at which energy is lost depends on body surface area.
The smaller the body, the greater the ratio of surface area to volume S/V. So babies are more at risk of hypothermia than adults. The small people need to eat more per kilogram of body mass than large people.
Metabolism: can refer to all chemical reactions that occur in living organisms, including digestion and the transport of substances into and between different cells, in which case the set of reactions within the cells is called intermediary.
BMR formula: The Harris-Benedict Equation has for a long time been the standard formula and is widely used for estimating BMR. Use the calculations below to calculate BMR, where: Wt = weight in kg, Ht = height in cm, A = age in years.

Men: kcal/day = (13.8 x Wt) + (5 x Ht) - (6.8 x Age) + 66
women: kcal/day = (9. 6 x Wt.) + (1.8 x Ht) - (4.7 x Age) + 655
Work can be defined as transfer of energy. In physics we say that work is done on an object when you transfer energy to that object. If one objects transfers (gives) energy to a second object, then the first object does work on the second object.

Work is the application of a force over a distance. Lifting a weight from the ground and putting it on a shelf is a good example of work. The force is equal to the weight of the object, and the distance is equal to the height of the shelf (W= Fxd).

Work-Energy Principle: The change in the kinetic energy of an object is equal to the net                                          work done on the object.

Energy can be defined as the ability for doing work. The simplest case of mechanical work is when an object is standing still and we force it to move. The energy of a moving object is called kinetic energy. For an object of mass m, moving with velocity of magnitude v, this energy can be calculated from the formula E= 1/2 mv2.

Types of Energy
Kinetic Energy = Energy of Motion = 1/2 mv2
Potential Energy = Stored Energy = mgh
Forms of Energy
Solar Radiation -- Infrared Heat, Radio Waves, Gamma Rays, Microwaves, Ultraviolet Light

Atomic/Nuclear Energy: energy released in nuclear reactions. When a neutron splits an atom's nucleus into smaller pieces it is called fission. When two nuclei are joined together fewer than millions of degrees of heat it is called fusion.
Electrical Energy:  The generation or use of electric power over a period of time expressed in kilowatt-hours (kWh), megawatt-hours (MWh) or gigawatt-hours (GWh).

Chemical Energy: Chemical energy is a form of potential energy related to the breaking and forming of chemical bonds. It is stored in food, fuels and batteries, and is released as other forms of energy during chemical reactions.

Mechanical Energy: Energy of the moving parts of a machine. Also refers to movements in humans.
Heat Energy: a form of energy that is transferred by a difference in temperature.
What is Power?
Power is the work done in a unit of time. In other words, power is a measure of how quickly work can be done. The unit of power is the Watt = 1 Joule/ 1 second.

One common unit of energy is the kilowatt-hour (kWh). If we are using one kW of power, a kWh of energy will last one hour.

Calculating Work, Energy and Power
WORK = W= F X d

Because energy is the ability to do work, we measure energy and work in the same units (N m or joules).

POWER (P) is the rate of work done over time p = Fxd / t

Power's SI unit of measurement is the Watt, representing the generation or absorption of energy at the rate of 1 Joule/sec. Power's unit of measurement in the English system is the horsepower, which is equivalent to 735.7 Watts.

How does the energy work with muscles during any physical work or exercise? Does body loses energy or gains energy by doing work and how?
The muscle actually uses chemical energy. How this works in detail is not physics but a biology question. The chemical reaction will create heat and cause your muscle to contract. Consequently, your body loses chemical energy, that's why you have to eat, drink and breathe, to keep these reactions going. In return your body loses heat energy to its environment, as well as kinetic energy, which will be the actual movement of your arm.

If you do exercises, long term speaking, your body will not gain or lose any energy; it will become more efficient and capable of converting chemical energy to kinetic energy, potential energy, etc. 

2.4 Estimation of the Power Provided Muscles 

This can be achieved by carrying out simple experiments designed to measure the power output of a specific of muscles. The power of the leg muscles, for example can be obtained by timing a person running up a flight of stairs or by determining the number or times he can raise his leg in a given time with a weight attached to his ankle.

Example 2:

A man of mass 75 kg runs up a flight of 50 steps in 15 seconds. Calculate the power output of his leg muscles given that the vertical height of each step is 0.2 m?

Work done = PE 

= mgh

= 75 x 10 x (50 x 0.2)

= 7500 J 

Power = work done / time taken

= 7500 / 15 = 500W
TDEE = Total number of calories your body burns in each day, 
Resting energy expenditure (REE) = energy burned when you are not physical active or                                                 digesting food. (60 - 75%)
Thermic effect of food (TEF) = energy required to digest food. (10%)
Basal metabolic rate = Resting energy expenditure + thermic effect of food. 
Activity energy expenditure (AEE) = energy burned during physical activity. (15 – 35%)
Metabolism = the sum total of all the chemical reaction is the human body.

TDEE = REE + TEF + AEE = 100%
It is kind of the balance between building things up or storing inside body and breaking
things down usually for energy needs.
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Energy Conversion in Humans

Our own bodies, like all living organisms, are energy conversion machines. Conservation of energy implies that the chemical energy stored in food is converted into work, thermal energy, and/or stored as chemical energy in fatty tissue. (See Figure.) The fraction going into each form depends both on how much we eat and on our level of physical activity. If we eat more than is needed to do work and stay warm, the remainder goes into body fat.
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Energy consumed by humans is converted to work, thermal energy, and stored fat. By far the largest fraction goes to thermal energy, although the fraction varies depending on the type of physical activity.

Power Consumed at Rest

The rate at which the body uses food energy to sustain life and to do different activities is called the metabolic rate. The total energy conversion rate of a person at rest is called the basal metabolic rate (BMR) and is divided among various systems in the body, as shown in Table. The largest fraction goes to the liver and spleen, with the brain coming next. Of course, during vigorous exercise, the energy consumption of the skeletal muscles and heart increase markedly. About 75% of the calories burned in a day go into these basic functions. The BMR is a function of age, gender, total body weight, and amount of muscle mass (which burns more calories than body fat). Athletes have a greater BMR due to this last factor.
	Organ
	Power consumed at rest (W)
	Oxygen consumption (mL/min)
	Percent of BMR

	Liver & spleen
	23
	67
	27

	Brain
	16
	47
	19

	Skeletal muscle
	15
	45
	18

	Kidney
	9
	26
	10

	Heart
	6
	17
	7

	Other
	16
	48
	19

	Totals
	85 W
	250 mL/min
	100%


Energy consumption is directly proportional to oxygen consumption because the digestive process is basically one of oxidizing food. Table shows energy and oxygen consumption rates (power expended) for a variety of activities.

Calculating Weight Loss from Exercising

If a person who normally requires an average of 13,000 kJ (3000 kcal) of food energy per day consumes 12,000 kJ per day, he will steadily gain weight. How much bicycling per day is required to work off this extra 1000 kJ? Assuming the energy content of fat to be 39 kJ/g.

Solution
Table states that 400 W are used when cycling at a moderate speed. The time required to work off 1000 kJ at this rate is then

Time=energy/ (energy/time) =1000 kJ /400 W=106x10-2/4
2500 s=42 min.
 Discussion
If this person uses more energy than he or she consumes, the person’s body will obtain the needed energy by metabolizing body fat. If the person uses 13,000 kJ but consumes only 12,000 kJ, then the amount of fat loss will be

Fat loss= (1000 kJ)  [image: image5.png]
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A pulse oxymeter is an apparatus that measures the amount of oxygen in blood. Oxymeters can be used to determine a person’s metabolic rate, which is the rate at which food energy is converted to another form. Such measurements can indicate the level of athletic conditioning as well as certain medical problems. 

	

	Activity
	Energy consumption in watts
	Oxygen consumption in liters O2/min

	Sleeping
	83
	0.24

	Sitting at rest
	120
	0.34

	Standing relaxed
	125
	0.36

	Sitting in class
	210
	0.60

	Walking (5 km/h)
	280
	0.80

	Cycling (13–18 km/h)
	400
	1.14

	Shivering
	425
	1.21

	Playing tennis
	440
	1.26

	Swimming breaststroke
	475
	1.36

	Ice skating (14.5 km/h)
	545
	1.56

	Climbing stairs (116/min)
	685
	1.96

	Cycling (21 km/h)
	700
	2.00

	Running cross-country
	740
	2.12

	Playing basketball
	800
	2.28

	Cycling, professional racer
	1855
	5.30

	Sprinting
	2415
	6.90


All bodily functions, from thinking to lifting weights, require energy The many small muscle actions accompanying all quiet activity, from sleeping to head scratching, ultimately become thermal energy, as do less visible muscle actions by the heart,  Lungs and digestive tract. Shivering, in fact, is an involuntary response to low body temperature that pits muscles against one another to produce thermal energy in the body (and do no work). The kidneys and liver consume a surprising amount of energy, but the biggest surprise of all it that a full 25% of all energy consumed by the body is used to maintain electrical potentials in all living cells. (Nerve cells use this electrical potential in nerve impulses.) This bioelectrical energy ultimately becomes mostly thermal energy, but some is utilized to power chemical processes such as in the kidneys and liver, and in fat production.
Summary
· The human body converts energy stored in food into work, thermal energy, and/or chemical energy that is stored in fatty tissue.

· The rate at which the body uses food energy to sustain life and to do different activities is called the metabolic rate, and the corresponding rate when at rest is called the basal metabolic rate (BMR)

· The energy included in the basal metabolic rate is divided among various systems in the body, with the largest fraction going to the liver and spleen, and the brain coming next.

· About 75% of food calories are used to sustain basic body functions included in the basal metabolic rate.

· The energy consumption of people during various activities can be determined by measuring their oxygen use, because the digestive process is basically one of oxidizing food.

EX: The swimmer shown in fig exerts an average horizontal backward force of 80N with his arm during each 1.8 m long. (a) What is his work in each stroke? (b) Calculate the power output of his arms if he does 120 strokes per minute?
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 (a) Work = Force x distance = 80 x 1.8 = 144 J

(b) Power = J / S = 144 / 60 = 2.4 W

                   2.4 x 120 = 288 W

EX-(a) How long can you play tennis on the 880 kJ of energy? (b) Does this seem like a long time?

Power = work / time    → T = W / P
          = 880 KJ / 440W = 2000S = 33.3 min

2.3 Temperature Regulation 

Body temperature: It is a temperature of various organs of the body of about (37oC) which keep at a fairly constant by a complicated control mechanism.
* The temperature of the skin is influenced by the ambient temperature,     it is typically about (4oC) below body temperature.
* The effects of (hypothermia) lowering of body temperature and              (hyperthermia) rising of body temperature are summarized in table     below.
	Temperature
	Condition

	Above 43 oC

             41  oC

             39 oC

            37 oC

            35 oC 

            32 oC

        30 oC
Below 28 oC 
	Death

Damage to central nervous system. Convulsions. 
Dilation of peripheral blood vessels increases blood flow to skin and so increases rate of loos of heat. Reduced blood flow to brain and possible loss of consciousness.
Normal.
Shivering. Constriction of peripheral blood vessels reduces blood flow to skin and so reduces rate of loss of heat.
Shivering ceases. Temperature regulation fails. 
Loss of consciousness.
Death. 


1- A body temperature of over 39 o C is classed as hyperthermia and less than 35 o C is classed as hypothermia.
2- An estimate of body temperature can be made simply by placing a mercurying – glass (clinical thermometer) in the mouth and leaving it there for a couple of minutes to come into thermal equilibrium.
The body controls its temperature by maintaining a balance between the rate at which it produces heat and the rate at which it loses it. The body generates heat by oxidizing food, and it loses heat by conduction, convection, radiation, evaporation and respiration.
The various heat loss mechanisms depend on:
1- The type of activity being undertaken.
2- The environmental conditions.
3- The extent to which the body is covered by clothing.
Q: How could the body maintains the balance between heat loss       and heat production?
The body can do this by various means such as:
1- It may alter the metabolic rate.
2- Blood loses heat as it flows through the capillaries near the surface of the skin. The capillaries widen ( vasodilatation ) in warm condition , there by increasing the rate at which blood flows through them and so increasing the rate of loss of heat The opposite effect ( vasoconstriction ) occurs in cold condition .
3- Muscular activity generates heat. Most of the energy consumed by our muscles produces heat rather than useful work. The body makes use of this when we are cold by causing rapid contractions of the muscles (shivering).
4- The sweat glands become more when we are hot.
There is a limit to what the body can do for itself and we can do many thinks to keep our body warm such as:
1- By wearing clothing suited.
2- By exercising.
3- By taking hot drinks.
Q: How could clothes give our body warm?
We need to wear clothes that trap air between the different layers of clothing. The volume of the trapped air is too small to allow convection currents to circulate and therefore since air is a poor conductor of heat, the trapped air insulates as from the surrounding.
Q: Is too tight clothes protect as from cold?
No: Because in too tight clothes there is no trapped air and therefore little insulation.
Q: Is too loose clothes keep as warm?
No: Because the volume of air between adjacent layers is large enough for convection currents to circulate.
Q: Does a wet clothes give as warm or not?
No: Because when clothes become wet provide very little insulation because the trapped air is replaced by water which is a much better conductor of heat than air.


First law of thermodynamics
      Biological energy is expressed using the energy unit Calorie with a capital C (i.e. kilocalorie),
Calorie:  the energy needed to increase the temperature of 1 kilogram of water by 1 °C (about 4.18 kJ).  

Energy balance can be measured with the following equation:

Energy intake (food) = Energy expended (heat + work) + Energy stored. 
The first law of thermodynamics states that energy can be neither created nor destroyed. But energy can be converted from one form of energy to another. So when a calorie of food eaten enters a body, ultimately 100% of that calorie will be converted to heat, resulting in three particular short-term effects: a portion of that calorie is either stored as fat, transferred to the body's cells as chemical energy.


Suppose the system undergoes a change from an initial state (i) to a
final state (f). During this change energy transfer by heat (Q) to the system occurs, and work (W) is done by the system.

△Eint = △Q -△W

Q = positive when the energy enters the system.

Q= Negative when the energy leaves the system.

W= Positive when the system does work on the surrounding.

W= Negative when work done on the system.

1- If the system is isolated (dose not interact with its surrounding). 

Q = W = 0
△Eint = 0

2- If the value of the work done by the system (w) during some process is zero    
△Eint = Q

When Q is (+) the energy enters the system lead to increase the internal energy because of increasing the kinetic energy of molecules.

3- If no energy transfer occurs during some process but work is done by the system.  
△Eint =  ̶  W

If gas is compressed by a moving position in an insulated cylinder no energy is transferred by heat and the work done by the gas is negative, thus the internal energy is transferred from the moving piston to the gas molecules.  

