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}Who am I?

}My background

}What to expecté
ƁA different perspective than the traditional energy 

system model you see in textbooks

ƁA combination of science and real world practical 
examples of energy systems at work



}Why Energy Systems?

Understanding energy systems ðhow the body

produces the fuel our working muscles need

while maintaining homeostasis - allows us to 

answer several of the most important

questions about performanceé



}Why do we fatigue?

}What determines an athleteõs maximum speed?

}What determines an athleteõs average or 
maximum work rate (power)

}What determines how long an athlete can 
maintain his/her speed and/or power for 
(endurance)?

}How are speed/power and fatigue related to one 
another?
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}òIt would be wrong to think that the aim of physical 
preparation is only the development of muscular 
strength. The strength capacities of skeletal 
muscles are secured from the energy produced 
from the corresponding biochemical processes 
(metabolic energy ).ó

}òSpecific physical preparation means have to 
develop above all the capacity of the body to 
provide energy for effective specific muscular workó



}The role of an athleteõs strength and conditioning 
program IS NOT just to improve strength or 
conditioningéit is first and foremost to increase 
their potential to produce energy . This increase in 
energy is what provides the foundation for the 
athlete to perform their skills faster

}To perform high speed skills faster, the athlete 
must increase their rate of energy production 
(power). To increase how long they can maintain 
their speed without slowing down, the athlete must 
be able to produce energy for longer (endurance)

MORE ENERGY = BETTER PERFORMANCE



}The biggest mistake is to increase an athleteõs 
ability to produce force or power, without also 
developing the capacity for increased energy 
production thatõs necessary to use it within the 
physical demands of their sport

}Energy production should be viewed as a 
fundamental component and objective of every 
athleteõs entire yearly training program. It is NOT 
something that just needs to be considered a few 
weeks before the competitive season starts. 



}World Record 100m = 9.58s
ƁAvg. speed 23.35 mph  

Peak speed : 27.78 mph 

}World Record 400m = 43.18
ƁAvg. speed 20.71 mph

}World Record Mile = 3:43
ƁAvg. speed 16.13 mph

}World Record Marathon = 2.03:59
ƁAvg. speed 12.69 mph



}From 10s ð43s (100m ð400m)  
reduction in average speed of about 11%

}From 43s to 3:43 (400m ð1 mile) 
reduction in average speed of about 22% 

}From 3:43 to 2 hours (1 mile to 26 miles)  
reduction in average speed of 21%

}From 10s to 2 hours
reduction in average speed of 54%
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} The higher the speed, the shorter the distance. The 
relationship between decreases in speed and distance 
between 10s and 2 hours is not linear. More than half 
(61%) the total decrease in average speed occurs 
within the first 4 minutes.

}Greater force and power = higher rate of fatigue, but 
why? What determines whether you can run 27mph 
for a split second, or 12 mph for 2 hours?

}What determines how fast you can sprint for 6s over a 
3 hour period? What determines the pace you can 
maintain for 15 minutes of fighting without gassing?



ENERGY SYSTEMS
Part I: Energy Systems Overview
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Muscular WorkATPMetabolic Energy

All our cells run on ATP - it is the bodyõs 
òenergy currency.ó The purpose of the bodyõs 
energy systems is to maintain energy 
homeostasis by producing the chemical energy 
(ATP) that our cells run on. Energy systems 
transform the chemical energy from food we 
eat into the fuel required for muscular work



Energy homeostasis is maintained when the 
rate of energy production is equal to the rate 
of energy expenditure. In this case, the total 
amount of ATP within the working muscles 
remains constant. 
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As force and power increase (higher intensity) 
the rate of ATP expenditure increases as well. 
The body responds by increasing the rate of 
ATP production to match expenditure so that 
ATP is not depleted within in the muscles
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In order to best maintain energy homeostasis 
during periods of highly variable rates of 
energy expenditure, the body has three energy 
systems that differ in terms of how fast they 
can regenerate ATP and how long they can 
regenerate it for. These three systems can be 
categorized into aerobic and anaerobic



} Regenerates ATP through 
oxidative (oxygen dependent) 
metabolic processes

} Can utilize fat, carbohydrate 
and amino acids as substrates 

} Produces the most ATP per 
given substrate, but also 
requires the most chemical 
steps and takes much longer 
than the Anaerobic systems to 
generate ATP

} Capable of sustaining 
moderate power outputs for 
very long durations

} Regenerates ATP through 
non - oxidative processes only

} Can utilize ATP, 
phosphocreatine (alactic) or 
carbohydrate (lactic) as 
substrates

} Produces ATP at a much 
faster rate than the aerobic 
system, but also causes rapid 
changes in cellular 
environment, leading to large 
disturbances in homeostasis

} Able to support maximum 
power output, but only for 
very brief periods of time 

Aerobic Processes Anaerobic ProcessesATP



Central factors of aerobic
energy production are primarily
related oxygen transport

} Stroke Volume

} Myocardial contractility

} Autonomic regulation

} Pulmonary diffusion

} Blood volume

} Hemoglobin affinity

Peripheral factors of aerobic energy
production involve oxygen
utilization within working muscles

} Oxidative enzymes

} Mitochondria density

} Mitochondrial enzymes

} Capillary density

} Muscle glycogen stores

} Myoglobin 

Central Factors Peripheral FactorsATP



Central factors of anaerobic

energy production are dependent

on central nervous function

} Motor unit firing rate

} Motor unit recruitment

} Intra - and inter - muscular 
coordination 

} Sympathetic drive

Peripheral factors of anaerobic
energy production involves factors
of metabolism within muscles

} Glycolytic enzymes

} Phosphocreatine levels

} Alactic enzymes

} pH buffering capacity

Central Factors Peripheral FactorsATP
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All performance lies somewhere on 
the energy system continuum of 
maximum power (high speed) and 
maximum duration (endurance)



}The bodyõs central drive is always homeostasis 
and in order to maintain energy homeostasis 
within working muscles, it has the ability to 
regenerate ATP at either tremendously high 
rates (anaerobically) for short periods of time, 
or at more moderate levels for incredibly long 
durations (aerobically)

}Energy production can generally be segmented 
into two distinct but overlapping components: 
central and peripheral



ENERGY SYSTEMS
Part II: Performance

The saying that òspeed kills ó is generally a 
pretty accurate statement when it comes to 
performance in athletics. The higher the level 
of sport, the faster everything occurs. If an 
athlete canõt perform their skills fast enough, 
they canõt compete.



} How the body regenerates ATP during different rates and 
durations of energy expenditure ultimately dictates the 
performance potential of the neuromuscular system

} When ATP is regenerated through aerobic processes, energy 
homeostasis is maintained and a given power output can be 
sustained for long periods of time. 

} When anaerobic processes are used, greater acute power 
output is achieved but only for very short durations before 
fatigue occurs and power output is reduced

} The ultimate tradeoff between maximum power and high 
endurance is dictated by an athleteõs ability to regenerate ATP 
through aerobic and anaerobic means



Distance Duration Aerobic % Anaerobic %

200m 22s 29% 71%

400m 49s 43% 57%

800m 1:53 66% 34%

1500m 3:55 84% 16%

Aerobic

Anaerobic



.

}òThe crossover to predominantly aerobic 
processes occurs within 15 - 30s for the 
400m, 800m and 1500m

}Unlike most textbook models depicting the 
first 60 - 90s of maximum intensity exercise 
as being predominantly anaerobic, the 
aerobic system contributes heavily even in 
relatively short duration events 
Ɓ43% of the 400m @ <50s



.

Bundle M W et al. J Appl Physiol 2003;95:1955-1962



.

}After recording maximum speeds that could be 
supported through aerobic and anaerobic energy 
production (3s sprint and speed at VO2 max) 
researchers could predict running performance 
from 3s ð240 to within 2.5%

}This test showed that each runners maximum 
and average speed, as well as the decrease in 
their speed, over any given duration was directly 
proportional to the relationship between their 
maximal aerobic and anaerobic energy 
production 



Hamilton A, Neville M, Brooks S. Physiological responses to maximal intermittent 
exercise: differences between endurance trained runners and games players. J. 
Sports Sci. 1991; 9:371 - 82.





} òDespite this approximately 41% reduction in anaerobic 
energy, the total work done during the second 30 - s sprint 
was reduced by only approximately 18%. This mismatch 
between anaerobic energy release and power output during 
sprint 2 was partly compensated for by an increased 
contribution of aerobic metabolismó

} Recovery of power output during first 10 seconds of 2 nd

sprint was linked directly to restoration of PCr stores

} The importance of the aerobic system for maintaining power 
output increases as high intensity sprints are repeated with 
incomplete rest 



}A 2009 study by Osgnach used computer 
video analysis of almost 400 players in game 
scenarios to evaluate energy demands of 
soccer:
Ɓ18% of total distance covered was at high speed

Ɓ70% of the total match time was at low intensities

ƁOverall ratio of high to low intensity work equates 
to a 2 - 4s sprint every 90 seconds

ƁTotal Anaerobic energy ranged from 11 - 27% of 
total energy expenditure



.

Maximal aerobic and anaerobic power output 
was evaluated, then subjects were asked to 
perform 10 sprints of 6s each with 30s rest 
between sprints



}òSubjects with higher anaerobic power reserves, 
implying a greater reliance on anaerobic processes to 
supply energy, recorded larger power decrements 
across the ten sprintsó

} Those with highest ratios of aerobic to anaerobic 
power showed the least fatigue over the 10 sprints

}Decrease in peak power over the 10 sprints was 
inversely related to peak power of 1 st sprint

}Reduced EMG activity was recorded over the sprints, 
indicated decrease in neural drive (central fatigue)



} In order to prevent serious cellular damage, the 
body is designed to fatigue (slow down rate of 
energy expenditure) long before your muscles or 
heart run completely out of ATP. In fact, even at the 
highest intensities, total levels of ATP generally 
donõt fall below 60% of resting levels.

}As part of this defense mechanism - designed to 
maintain energy homeostasis - the body has 
multiple different safeguards in place and controls 
it uses to make sure you reduce the rate of ATP 
expenditure (fatigue) long before you run out of it



Central Fatigue

ƁDecrease in central drive of 
nervous system to reduce 
force/power 

ƁFewer motor units recruited, 
rate coding turned down to 
decrease force produced by 
working muscles

ƁIncreased RPE for a given task 
alter behaviors and motor 
patterns

ƁMost of the research on 
central fatigue is centered 
around endurance events and 
pacing strategies ( Noakes )

Peripheral Fatigue

ƁDecrease in contractile 
properties (force - velocity) in 
the muscles

ƁLikely caused by a variety of 
physiological mechanisms that 
impair force production due to 
large changes in the cellular 
environment. These factors 
likely depend on the nature of 
the muscular work

ƁFactors in peripheral fatigue 
may include:
¶ change in cellular excitability due 

to changes in ions (K+, NA+, 
Ca2+, etc.) Decrease in substrate 
availability ( PCr, glucose, 
glycogen), hypoxia, acidosis, 
buildup of inorganic Pi, ROS, 
cytokines



} At the highest rate of energy expenditure, even the 
anaerobic systems cannot regenerate ATP fast enough 
to maintain energy homeostasis and ATP levels decline. 
The body is designed to fatigue rapidly and reduce 
energy expenditure before cellular damage occurs. This 
is seen during periods of high anaerobic energy 
production because this only occurs when there is a 
high rate of energy expenditure

} Athletes with the highest levels of aerobic energy 
production fatigue the least but also produce less 
maximum power because they have lower anaerobic 
speed/power reserves. Athletes with highest anaerobic 
production produce the most power, but fatigue the 
fastest as well.



}The aerobic system contributes a large % of total 
ATP even during relatively short durations. 

}Regardless of whether the event is cyclical or 
interval in nature, the aerobic system contributes a 
greater % of total energy as duration increases 
while % from anaerobic glycolysis decreases.

}The intensity - duration (force/power - endurance) 
curve can be accurately predicted by looking at the 
maximum power than can be generated aerobically 
and anaerobically because this provides the ratio of 
energy production used during muscular work



ENERGY SYSTEMS
Part III: Practical Examples

Energy system models in terms of graphs and 
charts in a textbook provide general insight, 
but looking at real world examples of energy 
system development between different 
athletes and sports provides the most practical 
information



Resting HR = 48


