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Abstract. How to manage energy expenditure for cyclist is very crucial part to achieve a good
performance. As the tropical situation, the differences of temperature level might be
contributed in energy expenditure and durability. The aim of the paper is to estimate and to
analysis the configuration of energy expenditure for static cycling activity based on heart rate
value in room with air conditioning (AC)/no AC treatment. The research is started with study
literatures of climate factors, temperature impact on human body, and definition of energy
expenditure. The next step is design the experiment for 5 participants in 2 difference models
for 26.80C — 74 % relative humidity (room no AC) and 23,80C — 54.8 % relative humidity
(room with AC). The participants’ heart rate and blood pressure are measured in rest condition
and in cycling condition to know the impact of difference temperature in energy expenditure
profile. According to the experiment results, the reducing of the temperature has significantly
impact on the decreasing of energy expenditure at average 0.3 Kcal/minute for all 5
performers. Finally, the research shows that climate condition (temperature and relative humi
dity) are very important factors to manage and to reach a higher performance of cycling sport.
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1. Introduction

Bicycling is growing in popularity both as a form of transportation and for recreation in Indonesia.
Many people start to realize the importance of sport and leisure in keeping and increasing human
healthy. It is widely acknowledged that cycling is one of the cheapest and the best ways for people to
achieve good health and fitness. People who cycle regularly could be live longer and stronger than
those who do not exercise by bicycle. Moreover, the cycling facilities, participants and industry can
be a significant driver of and contributor to Indonesian local economies. Based on the research
before, bicycling gave tangible positive outcomes for economic, social, climate change and healthy
lives [1]. These researches typically include categories such as industry (which includes
manufacturing, sales and repair) and tourism. The some advantages of bicycling sport are: build
strength muscle, increasing stamina, improves cardio-vascular fitness, eats up calories, improves heart
health, improves human body coordination, and reducing stress [2].

According to explanation above, it can be concluded that bicycling is very popular for Indonesian
community for doing sport and for recreation. Hence, it is reasonable that the activity should be
conducted to physical workload and physiological condition. Level of heart rate (LHR) will be used to
evaluate and to monitor the cyclist during their activity in order to keep in highest performance. The
normal people generally has rest hearth rate at averages 60 to 80 beats per minute and for highly
trained endurance athletes has as low as 30 bpm [3]. Bedny Z. Gregory and friends in their paper of
“A heart rate evaluation approach to determine cost-effectives an ergonomics intervention” noted that
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the total amount of heart rate is not exceed than 100 bpm and 4.17 kcal/min [4]. The average of LHR
more than 100 bpm requires additional break time. When studying dynamic physical work, heart rate
is the most informative measure for evaluating physical workload and environmental stress [4].

The importance of the hearth rate information can be used for managing the energy expenditure
during bicycling activity. Ergonomics intervention is suitable for solving the problem. Knowledge of
the metabolic rate is required to assess the working practices, energy cost of specific jobs or sport
activities, and the total energy cost of an activity. As long as cyclist can control their heart rate or
energy spend are not exceed than 100bpm or 4,17 kcal/ min, the top performance and the durability
will be achieved [5]. Controlling and monitoring the energy expenditure are not easy for scientist.
There are many factors influence in the problems e.g. body posture, human healthy, age, weight,
climate (temperature, relative humidity), track, etc. The research will be focused on the impact of
temperature in bicycling activity correlated in managing the energy expenditure. Static bicycle with
difference workload will be applied in the experiment. In sort, the purpose of the paper is to
investigate the difference impact of energy expenditure for cyclist in load variably. As a result, top
performance and durability for the activity can be managed easily.

2. Experimental Methods

2.1. Research Materials

Cycling is one of human activity that correlated with muscular effort, work physiology and
anthropometry. It is called a physical ergonomics which affected the capabilities of worker (human)
to create an efficient job. A lot of thinks to study the physical ergonomics, such as: metabolism, heart
rate, blood pressure, respiratory system (VO2), energy expenditure etc. To study the worker’s
performance based on the physical ergonomics is very complex which influenced by human posture,
mental, habit and food consumption.

A lot of research used energy expenditure to measure the human performance in many goals as
sports, health and recovery. The British Nutrition Foundation (BNF) defined an energy expenditure as
the total of the basal metabolic rate (the amount of energy expended while at complete rest), the
thermal effect of food (TEF, the energy required to digest and absorb food) and the energy expended
in physical activity. Energy expenditure is proportional to hearth rate and VO2 in doing activities [6].
There are two kinds of measurement the energy expenditure for direct and indirect calorimetric.
Direct calorimetry (metabolic chamber) is determined by calculating the production of heat by the
body. On the other hand, indirect calorimetry is determined by employed VO2 during rest and
activity. Oxygen consumption is considered as the standard for measuring the physiological intensity
of exercise. The maximal oxygen uptake (VO2max) is important in that it is generally considered the
main factor of the aerobic fitness of a cyclist. VO2 and energy expenditure are calculated for athletics,
workers hospitals to determine the capability of the body to perform work, to measure the efficiency
of performing various activities. In this case, the efficiency is defined as work done divide energy
used.

Recent studies have shown that heart rate can successfully be used as a proxy for the measurement
of rate of oxygen consumption or metabolic [7]. The heart rate investigation such as measurement of
oxygen consumption (VO2max) needs special technical knowledge, skill and sophisticated
instrumental setup. It becomes difficult to determine the oxygen consumption of a human with limited
resources. As consequence, many researches exploit the relationship among heart rate, blood pressure
and O2 consumption. According to the journal noted that the VO2max can be calculated as formula 1
bellow [8]:

mliter HRmax
VO2max = 15

X
Kg.minute HRrest
Where: VO2max = Maximum oxygen consumption (mliter)

HRmax = maximum heart rate (bpm)

HRrest = Heart rate in rest condition (bpm)
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2.2. Experiment Design

According to the aim of the research as mentioned before, the research will investigate the correlation
between differences of the environment temperatures and the energy expenditure in cycling activity.
The research used a static bicycle to test the correlation for five male cyclists. Table 1 show personal
details for five participants included age, weight and height. The data is used to determine the total of
energy expenditure during activity based on heart rate and VO2.

Table 1:List data of five personal cyclists

No Participant Age Weight | Height

Participant 1 22 years 175 cm 78 Kg
Participant 2 21 years 153 cm 44 Kg
Participant 3 22 years 176 cm 70 Kg

Participant 4 21 years 171 cm 71 Kg
Participant 5 20 years 161 cm 65 Kg
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Following is the steps for doing the research to know the impact of difference temperature in cycling
activity. The difference temperature is created by using air conditioning (AC) and without air
conditioning (no-AC). To do the test, two days experiment have been done for the first day for test in
normal environment condition with T = and RH = (no AC) and the second day for test in design
environment condition with T = 23.8°C, RH = 54.8 % (AC). The steps of the research for the first day
are:

e Measuring heart rate and blood pressure for all participants in the rest condition without air
conditioning (no-AC). The participants have the same treatment before do the test which having
breakfast 4 hours before cycling with the same menu.

¢ \Warming up using static bicycle with the same speed and workload in 4 minute.

e Measuring heart rate and blood pressure for all participants each minute for 5 minute cycling in no
AC condition.

The steps of the research for the second day (using AC) are:
¢ Designing the environment condition for AC until steady condition which having same condition of

air quality, temperature and relative humidity.

e Measuring heart rate and blood pressure for all participants in rest condition with air conditioning.
The participants have the same treatment before do the test which having breakfast 4 hours before
cycling with the same menu.

o Warming up using static bicycle with the same speed and workload in 4 minute.

o Measuring heart rate and blood pressure for all participants each minute for 5 minute cycling in no
AC condition.

3. Results and Discussion

Measuring heart rate and blood pressure are used to analysis the demand of energy expenditure
correlated with difference of environment temperature. Figure 1 explains the comparison of heart rate
for five participants in no AC and environment with AC condition. It can be concluded that by using
AC, it will increase the average of heart rate for participant from 86.6 bpm to 90.26 bpm or 4.2 %.
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DIFFERENCES OF HEART RATE WITH AC/NO AC
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Fig. 1. Heart rate comparison for participants in rest condition with AC and without AC

Figure 2 explains the comparison of blood pressure systolic/diastolic for five participants in no AC
and environment with AC condition. It can be concluded that AC increased the average of blood
pressure systolic for participant from 123.6 mmHg to 137.4 mmHg or 11.2 % and from 71.8 mmHg to
81.4 mmHg or 13.4 % for diastolic. It can be declared that AC in rest condition will increase the blood
pressure for participants (cyclist) with average age 21.2 years old, weight 65.6 Kg and height 167.2 cm.
Subjectively, participants in tropical condition will not enjoy in the low environment temperature as

indicated by increasing both of blood pressure and heart rate.
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Fig.2. Blood pressure comparison for participants in rest condition with AC and without AC

Figure 3 explains the comparison of heart rate for five participants in cycling condition with AC/no
AC condition. It can be concluded that AC decreased the average of heart rate for participant from 111.2
bpm to 107.7 bpm or 3.1 %. It can be declared that generally AC in working (cycling) condition will
decrease the heart rate for participants (cyclist). Except, the participant 5 was still has higher heart rate
in AC condition than in no AC with delta heart rate = 2.7 bpm.

DIFFERENCES OF HEART RATE WITH AC/NO AC
IN CYCLING CONDITION
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Fig.3. Heart rate comparison for participants in cycling condition with AC and without AC
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Figure 4 explains the comparison of blood pressure systolic/diastolic for five participants in cycling
activity with AC/ no AC condition. It can be concluded that AC decreased the average of systolic-blood
pressure for participant from 134.2 mmHg to 128.9 mmHg or 4.0 % and from 79.1 mmHg to 73.6
mmHg or 7.0 % for diastolic. It can be declared that AC in working (cycling) condition will decrease
the blood pressure for participants (cyclist).

DIFFERENCES OF ELOOD PRESSURE
WITH AC/NO AC IN CYCLING CONDITION
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Figure 4. Blood pressure comparison for participants in cycling condition with AC and without AC

The total of physical energy expenditure is calculated by multiply the amount of O2 intake (VO2)
with 4.8 Kcal/minute [5]. The VO2 can be calculated by equation 1, as example the participant 3 with
average heart rate for working (6 minute in cycling) = 117.3 bpm, heart rate for rest = 102.5 bpm age =
21 years old, weight = 70 Kg, height = 171 cm cycling in no AC condition will need VO2:

15 mliter 117.3

Vo2 =
Kg x minute x 102.5

_ 15 x 70 x 6 mliter 117.3
= 1 *1025
= 1.20 Liter/minute

As a result, the participant 3 spend the energy expenditure = 1.20 liter/minute x 4.8 kcal/liter or 5.76
kcal per minute for static cycling test. Figure 5 shows the differences of energy expenditure for all
cyclists in AC and no AC condition. From the graph, it can be inferred that energy expenditure for
cyclists in AC condition needs less energy than cyclists in non AC condition.
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Fig.5. Difference of the total of energy expenditure for cyclists in AC and no AC



International Conference on Innovation in Engineering and Vocational Education IOP Publishing
IOP Conf. Series: Materials Science and Engineering 128 (2016) 012012 doi:10.1088/1757-899X/128/1/012012

4. Conclusions

The research has successfully presented the correlation of heart rate/ blood pressure, human activity,
energy expenditure and environment condition (temperature and relative humidity) in tropical condition.
According to 5 participants, low temperature (using AC) will generally increase the heart rate/ blood
pressure in rest condition. Whereas, the AC condition (cooling room) gave less heart rate than no AC
condition in static cycling test. As consequence, the total amount of energy expenditure for cycling test
in AC condition is less than in no AC condition. In sort, lower temperature is a benefit for cyclists and it
can help them to manage and to keep more energy in their body.
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